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Editorial

Interference from other stations is the main reason behind scaling of packed radio networks 1n
transmission. Interference is caused due to nearby stations as well as from distant stations because the
signals received from those stations could be strong or week. Thus the overall noise level and
interference caused due to the transmission of signal to a particular station are analyzed and found to
remain manageable even as the system scales to billions of nodes. Thus to avoid collision 1 the packet
data transmission new concepts are developed. Telecommunication can be achieved by either sending
signals through cables or by letting generated signals propagate naturally through space as
electromagnetic radiation. Cables can provide unlimited bandwidth, but require a lot of capital
investment. The cable costing becomes expensive due to labour costing and installation charges.

Nowadays, a high performance analog circuit using low voltage becomes essential mainly due to
the advance of the large scale integration with complicated circuit systems and the demand for battery-
operated portable equipments. However, supply voltage reduction in analog circuit causes several
performance degradations and, therefore, new approaches in the design are needed to obtain analog
circuits with enough bandwidth, gain and linearity. Operational transconductance amplifier (OTA) is
one of the most basic cells as OTA finds many applications in many analog circuits such as operational
amplifier, voltage comparators, A-D and D-A converters and high frequency filters.

The edition of KIET IJCE contains articles on Communications through Pseudo Random
Scheduling for Packed Radio Networks via Channel Division, Development of Data Acquistion and
Analysis System for HF/DF Chemical Lasers, Comparative Analysis of CMOS based Pscudo
Differential Amplifiers, Metamaterial based Optical Suface Plasmon Resonance Sensor and Optical
Detection of Chlorine for Chemical Oxygen Iodine Laser areas.

We take this opportunity to thank all those coniributors, reviewers in making this issue a
memorable one. Suggestions and feedback from our readers are welcome for the overall improvement of
quality of the Journal.
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Preface

Dear Researchers,

We take this opportunity to welcome you all to the first issue of International Journal of
Communications & Electronics (KIET - IJCE). This journal will provide a forum for in
depth and substantial discussions on the theory, design and implementation of the
emerging technologies in Communications, Networking, Microwave and Electronics
techniques, thus providing solutions and strategics for business resilience.

It gives us an immense pleasure o have an amalgam of researchers from the fields of
Communication Enginecring, Electronics, and related technologies. The purpose of the
Journal is to provide a platform to foster interdisciplinary communication among the
delegates and to support the sharing process of diverse fields in various concepts and
principles related to these domains.

Our appreciation also goes to entire team whose dedication and timeless efforts have
gone for number of days for the first issue of the Journal.

Editors
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Message

I am delighted to note that the Department of Electronics and Communication
Engineering, KIET Group of Institutions, Ghaziabad is introducing First issue of
International Journal of Communications and Electronics (KIET - IJCE).

I appreciate the efforts on the part of the Editorial Committee in bringing out an issue on
Communications, Networking, Microwave and Electronics techniques.

I understand that the papers contributed for publication in the first issue are on almost all
the current aspects of Communication Systems, Electronics systems, Microwave
Engineering, Signal Processing & Applications, Networking Technologies and several

others.

I have great pleasure in congratulating the Editors of this issue of KIET - IJCE for their
untiring efforts in bringing out this first issue which will be a valued treasure for all who
pursue research in Communications, Networking, Microwave and Electronics

Engineering areas.

Let me close with warmest regards.

Dr. Narendra Kumar
President
KIET - UCE
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Message

It gives me immense pleasure in writing this foreword for the first issue of the KIET
International Journal on Communications and Electronics (KIET - IJCE) being started by
the Department of Electronics and Communication Engineering, KIET Group of
Institutions, Ghaziabad. This journal is targeted towards researchers, professionals,
educators and students to share innovative ideas, issues, recent trends and future directions
in the fields of software and network technologies.

The journal KIET - IJCE is targeted towards researchers, professionals, educators and
students and industrial papers on the theory, design and implementation of the emerging
technologies as well as share innovative ideas, issues, recent trends and future directions
in the fields of Communications, Networking, Microwave and Electronics techniques.
Furthermore, it will enable the researchers in the various domains to foster the exchange
of concepts, prototypes, research ideas and the results of research work which could
contribute to the academic arena and also benefit business and industrial community.

I am sure that this issue would greatly benefit researchers, students and faculty. Young
scientists and researchers will find the contents of the issue helpful to set roadmaps for
their future endeavors.

Dr. Sanjay Sharma
Editor — in - chief
KIET - ICE
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publication. We strongly belleve that the open access model will spur researchm
especially as researchers gain unrestricted access to high quality research articles. il

monthly journal and if the manuscript does not suit in the current issue then it can be con
the next upcoming issue. Authors are lnvited to submit their original manuscripts.

ABOUT THE DBPAI‘TMENT

events, 'l'he department has quallﬁed and dedicated faculty. members to prwide
support to all the students. The department of ECE has a vision to become a centre of excell
the field of Electronics and Communication Engineering. All our faculty and students are dedi
ichieve this goal with full vigor, enthusiasm and good ethical values. Department is running B.Te

(ECE), M.Tech. (ECE). Department is involved in high quality research on several domains like Optical

Integrated Circuits, Signal Processing and Communication, Semiconductor Device Characterization
nd Integration, Advanced Microwave Techniques, and other emerging fields under AICTE Modrobs
Projects.
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Communication through Psuedo Random Scheduling for
"acked Radio Networks via Channel Division

Sweta Srivastav', Gauray Srivastava’, Ramesh Mishra®

, 'Lecturer IET Dr R.M.L.Avadh University Faizabad
Co!.’ege of engineering Sciences and Technology Lucknow
. Lecturer IET Dr R.M.L.Avadh University Faizabad
swetadeep07@gmail.com, 2deepa_4852@yahoo.co.in, Iheybabyaryan@gmail.com

Abstract: The paper presents the principal difficulty in
scaling a system of packet radio stations where interference
Jrom other stations in the system interference comes both
Jrom nearby stations and from distant stations Each nearby
interfering station is a particular problem, because a signal
received from it may be as strong as or stronger then the
desired signal from some other station. Far off interfering
stations are not individually a problem, since each of their
signals will be weaker, but the combined effect may be he
dominant source of interference, the paper is superior to
ideal time division multiplexing of a clear channel.

1. INTRODUCTION

Interference from other station is the main reason behind
scaling of packed radio networks in transmission.
Interference is caused due to nearby stations as well as from
distant stations because the signals received from those
stations could be strong or week. Thus the overall noise level
and interference caused due to the transmission of signal to a
particular station are analyzed and found to remain
manageable even as the system scales to billions of nodes.
Thus to avoid collision in the packet data transmission new
concepts are developed in this paper. Telecommunication
can be achieved by either sending signals through cables or
by letting generated signals propagate naturally through
space as electromagnetic radiation cables can provide
unlimited bandwidth, but require a lot of capital investment.
the cable costing becomes expensive due to labour costing
and installation charges.

2. PACKED DATA NETWORKS MODELLING

A signal either transmitted or received is most completely as
a real valued function of time. Signal transmitted by source
is denoted as S;(t),and the received signal at the station is
denoted as y;(t).the parameter that are to be considered for
the system performance are its power level and bandwidth
and both are regulated by government regulation and
limitations. Noise and propagation determine the received
signals as a function of the transmitted signal assuming
linearity and time invariance a general model is

vi(t) = ni(e) + X%, hij(t) = sj(t)

Where M=no of stations

H;; = response at station i to an impulse in time transmitted
by station j

Where H;; =signal due to thermal noise at station i

*= convolution symbol

3. SOURCES OF INTERFERENCE IN
PACKED DATA TRANSMISSION

Interference can come from various sources which include
thermal noise, atmospheric effects, extraterritorial effects.
Along with all those interference from other source
interference create a lot of problem. Thus impulse response
hij(t) is a general model for propogation in that can represent
the strength of the propogation, the propogation delay and
any multipath propogation. So hij(t) will be assumed to be
just a scalar multiple of unit impulse hij(t) and the equation
above can be simplified to

vi(t) =ni(t) — ThijSj(o)

Where h;(t) are now scalars and the propogation model is
not complete until h;(t) are specified. The signal will be
received successfully at a station i from k if, while ratio is at
least small factor >1 and probably around 3. The required
signal to noise ratio is

S

>~ (2
PRl - l)

Where C = capacity, S=Power of the signal received ar
station i from sending station K. The power contained is the
sum of the interfering signals.

3

N = if»

mi) +© T haie)

[=ij=w
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4, SPEEAD SPECTRUM
Sprcad spectiu s the teem used to deseribe techniques for
practically aehieving communication by radio when the
notse ratte is less than 1 othat is within the used
bandwidih spread spectrum s used to et multiple access
over a simple channel or single bandwidth, Most widely used
techrique e spread spectrum is - direet sequence spread
spectrum (DSSS)which is followed by a modulator and a
demodulator, but as soon as the modulator signal transmitted
a pseudo random code is generated. The receiver then uses a
narrow  filter and - detector to isolate the signal and
demodulate it to pet the transferred bits. Spread spectrum
radio techniques can be used to build systems that are
capable of communication at the rates with in the Shannon
bounds in channels where the interference has lowered the
signal to noise ratio to well below one, but their are some
practical limits. Some additional signal levels. or headroom
will be needed over the minimum implied by the Shannon
bound. It is found that around 5 db of headroom after
propagating gain is needed to achieve a 10° bit error
probability using a DS/BPSK radio link with viterhi
decoding in a spread spectrum multiple access application, (
For example the processing gain of around 30 db would

handle a few hundred 100V10X 316 interfering signals
cach with a error correcting codes.

signal to

5. CHALLENGES IN INTERFERENCE

SIGNALS

Interference is limited to try to schedule transmission so that
cach packet can be transferred without experiencing any
interference from any other transmissions. For completely
filled in propagation matrix, this approach would require co
ordination between all stations participating in the system
and exclusive one at a time use of channcl. The co
ordination would be challenging if there are many millions
of stations

6. NOISE LEVEL IN LARGE SYSTEM

In presence of high level of interference signal to noisc rates
arc bounded by the Shannon limit and hence rate of
communication reduces. Relationship between signals to
noise ratio is significantly less than one.

MULTIPLE ACESS COMMUNICATION
THEORY

7.

FDM is the most straight forward method of managing the
separation of users. Different users of the spectrum are
isolated from cach other in frequency and the receiver can
usc a band pass filter to separate the desired signal. Same
ways TDM can allow for statistical multiplexing of the
traffic and eliminates the problem of transient channcl

assignment, but introduces the problem of resolving
contention for the channel. Random aces schemes and
explicitly scheduled schemes can nicely solve the problem in
situations where all the stations or when all the station can
hear cach other cqually well in case of non uniform
propagation and non centralized traffic, the potential
performance of random access scheme is less understood.
Coode division multiplexing is the term used to denote
spread spectrum technique of multiplexing, where the
signals are allowed to overlap in time and frequency

8. PACKET RADIO NETWORKS

Packet radio networks comes from work in multiple access
communication theory by the use of propagation models that
do not have all the receivers receiving the same signal
Interference is a quantifiable phenomenon and is measured
by the resulting signal to noisc ratio a which packets are
receive.

9. NOISE LEVELS IN LARGE SYSTEMS

In presence of high levels of interference signal to noise
ratio will be reduced and hence the communication rate will
reduce. The relationship between signal to noisc ratio is
significantly less than one. If we consider that stations are
distributed at some average density P throughout the infinite

plane, and that each station is operating its transmitter at unit
power output and at duty cycle . Now power radiated per
unit arca in the plane is an average npP. For a receiver
located in the plane, the power level received from a station
a distance of one characteristics length R, = ~% = can be
computed. If the growth in the overall level of interference
then assume that M interfering stations arc distributed
randomly within a circle of radius R, then stations outside
the circle can be ignored Average density  is then M/TIR” if
M increase the distance to the nearest neighbours also
decreases remaining proportional to the distance. The
distance to nearest neighbour also decreases, remaining
proportional to the distance R,= -

The signal level s from such a nearest neighbour transmitting
with unit power would be

Ly

=X/R

e

Where depends on the antennas and wavelength used. The
total power of interfering signals N, ignoring the

[ ]
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contribution  {1om iocal interference inside the circle of

radius o= can be calculated as

=x 92l
= 9 2[1{Ink ~ inko
=0 2II{R/He)

=oc 92Ty /I
= pIlnM/ 11

So the signal to noise ratio (SNR) is

The expected signal to noise ratio of a signal from one of the
nearest neighbours depends only on the M and /j(the duty

cycle).The signal to noise ratio falls very slowly approaching
—db for n=1 as the number of stations approaches 10'% This
observation is encouraging The signal to noise ratio of a
neighbours transmission falls slowly even as the number of
stations grows exponentially

10. WORK PERFORMED THROUGH PSUEDO
RANDOM SCHEDULING FOR PACKED
RADIO NETWORKS VIA CHANNEL
DIVISION

Interference from a nearby station transmitter may be a
problem if it is used to transmit at high power. It could be
problematic if the nearby station transmitter delivers and
interfering signal with power sufficient to significantly lower
the signal to noise ratio of packet receptions. Whether the
effect is significant or not will depend on how much
processing gain the stations are using. The power levels are
usually discussed in decibels algorithm. But the effect of an
additional interfering signal on overall interference level
which is already quite high. The power level adds but the
logarithmic levels do not increase. Say if two signals one at
a power level of 20 db and other the other at a power level of
10 db are added the power level of the resulting signal is
20.4db. which is barely a significant change. In order for the
addition of a week signal to increase the overall level of
interference by more than 1 db its power level must be at
least one fourth the power level of the overall interference
One decibel which is about a 25 percent change is a
reasonable threshold for significance. While we can strictly
budget the additional level of interference we may tolerate
fTOII.I_ each nearby neighbour independently, as two
additional sources of interference can combine to produce an

even greater level of extra interference, we can hold each

such potential additional sources of interference to a

maximum increase of 1 db in total interference and budget a
few decibels of addition headroom. It would thgn _take more
than four simultaneous high power transmissions each
contributing just underl db threshold from nearb])l/l
neighbours to have more than a 3db effect on the overa

level of interference only in frequent circumstances. And
neighbour ‘s transmission increase thc'level o_f mterfyencc
by more than 1 db. In order for an interfering station tof
significantly increase by more than 1 db the total ampunt 0

interference, it would have to deliver more thap 29 times or
13 db more the amount of power that it is delivering to the
intended recipient. If the noise level is 20 db or .the target
receive power. Choosing 13 db here 1s 1 decibel more
conservative. Assuming 1/f* propogation, this thrt_ashold will
be exceeded only when station is more than five times as far
away as the interference from the transmitter. If the d\stant_
stations we are communicating with are at a distance of 2p
2 then the expected no of stations inside a circle with a

radius of one fifth this distance only [1(2/5)*% 0.5. This no

is well under the interference threshold of four nearby
transmitter. If when high power must be used, an additional
constraints can be placed on the scheduling to avoid
interfering with and neighbours reception. Those packet
transmission that will require high power must not be
scheduled at a time that overlaps with a receive window at a
neighbour who is too close.

11. CONCLUSION

This paper presents a pseudo random scheduling method that
can be used to ensure that packets are not received at times
when the signal to noise ratio would be unacceptably
lowered due to nearby near by sources of interference. The
method requires neither global synchronization or global
coordination. Each station can arrange independently with
its immediate ncighbours to ensure that its transmission do
not mask the reception of packets either by itself or by any
particularly close neighbours. The maximum total
throughput or fraction of time spent sending out of a station
is around 0.21 for a single neighbour and can be increased as
more neighbours are added. A station can even spend more
than half of the time sending if it has a sufficient number of
ncighbours. The expected delay per hop due to the
scheduling method is a few scheduling slots which, with
four sub slots is around two dozen packets. The design
strategy introduced above yield a design for an effective
packet radio network that can scale to seemingly arbitrar
density and requires no centralized centralized co ordination
of channel use above paper shows how to ensure that
packets are sent only at times at which they will not be
dropped due to collisions, but we do not require any global
synchronization or co ordination. o
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Abstract: The paper reports the development of data
acquisition and analysis system (DAS) for a noisy and
hostile environment for arc operated hydrogen fluoride/
deuterium fluoride (HF/ DF) chemical lasers. HF/ DF is a
high power chemical laser based on vibrational transition.
The typical lasing wavelength of HF is 2.7 pum and that of
DF is 3.8 ym. The plasma arc discharge in an arc heater/
generator is essentially employed for inducing thermal
dissociation of SFs for production of fluorine atoms. The
dissociation of SFs is a much safer alternative than other
options of combustion of Fy/ NF; in an environment of
HyD,; Another accrued advantage is that the composition of
the lasing mixture to an extent may be varied independently
of the pressure and temperature of its constituents. But the
arc load is complex load and involved high voltage
transients and electromagnetic noise. The development of
suitable DAS for monitoring and performance evaluation of
parameters for 50 kW arc tunnel is implemented with proper
protection devices. Since each designed plasma arc tunnel is
unique in itself and specific to the application, DAS would
enable altering arc discharge for optimization of the
intended laser.

Keywords: HF/DF Laser, Arc tunnel, DAS, Optical fibre

1. INTRODUCTION

Gas lasers have wide range of applications in various
defense and industrial scenarios [1]. HF/DF gas lasers fall in
class of high power chemical lasers based on vibrational
transition. These lasers have proved their mettle in various
defense applications. However, one of their limitations is the
toxicity of its constituent elements. Hence, production of
lasing species through combustion forms a safety concern. In
this context, the use of arc plasma generator [2, 3, 4] is
beneficial as it offers safe decomposition of SFe for
generation of fluorine atoms to be used subsequently for
lasing action.

Arc plasma heater or generator is a versatile tool for
optimizing lasers parameters [5] such as gas flow rate,
pressure, temperature and Mach no. etc. These parameters
are to be acquired and monitored in rcal time. So a

compatible Data Acquisition and analysis System (DAS) is

essential for monitoring and control the operation of arc

driven HF/ DF tunnel. A DAS consists of individual sensors

with necessary signal conditioning, multiplexing, _data

conversion, data processing, data handling & associated

transmission storage & display systems. Any DAS can be

divided into two types on the basis of environment in which

the system works. These are defined as a system which is

suitable for less noisy environment or for the favorable

conditions and the other one which is working in hostile

environment like arc tunnel [6, 7). The precise control of
flow of gases (i.e. Nitrogen, Sulphur Hexafluoride,

Hydrogen & Oxygen) with proper time sequencing, need to
change the flow parameters during operation and handling of
various sub systems are some of the important features of
arc driven HF/ DF tunnel. Also safety considerations
demand operation from remote control console. Keeping
these features in mind, it is important that arc driven HF/ DF
tunnel should be operated with a dedicated DAS, where all
the controls are in the hands of a single operator. We have
operated arc driven HF/ DF laser system that was developed
in-house. Using DAS, the basic arc behavior is studied and
lasing experiments are reported on 50 kW arc tunnel.

2. SYSTEM DESCRIPSTION

The goal of all chemical lasers is efficient conversion of
chemical energy into coherent radiations of high power
beam. Most of the recent developments in high power HF/
DF chemical lasers are based on combustion of Fluorine/
NF; gas with Helium and H, / D; to have lasing
compositions. These types of lasers are difficult to use in
normal laboratory environment because of toxic &
hazardous gases. In order to overcome this drawback and to
have laboratory useable HF/ DF Laser, arc tunnel is used for
optimization of various laser parameters. The arc heater is
used to create fluorine atoms by thermal dissociation of SFq,
which is very safe gas as compared to other fluorine based
gases in laboratory environment. The arc heater has the
advantage that it allows independent varation of gas
composition with respect to temperature & pressure and
thereby permitting ideal gas mixture ratio at required
temperature & pressure conditions for longer run times. Arc
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Teater is neat & clean and best laboratory apparatus for
optimizing laser parameters, The presented work in this
paper discusscs the development of DAS for a kW level HF
chemical Laser facility using arc discharge method.

The Data Acquisition and Analysis Systcm (DAS) for arc¢
driven hydrogen fluoride chemical laser system was realized
with ADAM 5000 serics cards of Advantech make
(schematics shown in fig 1). This system consists of system
Kernel with plug in modules. The system Kernel handles all
software functions between the ficld devices and the host
computer, including signal conditioning, data conversion,
calibration, alarm monitoring, internal  diagnosis  and
communication. As the arc plasma is a complex load
involving high voltage transicnts and clectromagnetic
interference (EMI), so the system has been developed to
cater for EMI induced environment with fiber optic cable as
the communication link between the DAS and the PC. The
DAS initiates the operation of various subsystems such s
power, gas, water cte. It also switches 'off ' these
subsystems after the defined run time. Various cxperimental
parameters such as gas flow, pressure, temperature, voltage,
current, power ctc. are being acquired, displayed on the
screen & stored in the PC. In casc of any paramcter going
out of sct range or in casc of gas lcakage an alarm iy sounded
and the system is switched off. The DAS has been designed
for 24 analog inputs channcls, 16 digital outputs, gampling
rate of 10samples/see with distributed [/ O features and RS
485 as serial communication interface with PC. It is capable
of communicating up to 1200 metres with a speed  of
0.6KBPS. Thus the cards for arc heater driven system arc
chosen for 2.5kV dc opto-isolation in communication lines
and 3kV dc isolation in the power lines & 1/0 Jines. Also to
reduce EMI optical fiber communication link has been used.
The 820nm wavelength is used as a carricr wave with fiber
core/elad diameter 62.5/125pm and typical attenuation at
this wavelength is 12.5 dB.
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supply system and power supply system along with sm'(mlh
operation of arc twnnel for lasing cxperiments. The details of
various sub gystems developed for safc operation of 50 kW
arc tunncl arc as:

A Arc Heater: The arc heater was designed to provide a
highly cnergized, continuous plasma source, composcd of
free clectrons, positively charged ions and neutral atoms [8,
9, 10]. The aystem is capable of operating with gascs suc‘h‘us
argon, nitrogen, helium, and mixture of such BaSCS. [he
plasma is formed in a dircct current clcclr.w arc and
discharged in to a plenum chamber for mixing of other gascs
(such as Ny, SFy) for achicving desired lasing, composition
temperature close to 2000 K. The DAS censures ll.tc safc
operation at such a high temperaturcs by incorporating the
proper sequence of operation and interlocks,

B. Direct Current Power Source: The power for the arc
heater is obtained from combination of industrial welding
machines (i.c. rectifiers and gencrators) of Miraj Electronics
make rectifiers for de Output: open circuit voltage (OCV) of
80V, 600 Amp, input: 45KVA, 415V, 3Ph, 50 Hz and
Advani Orlikon make generators for OCV 60V, 450 Amp dc
max, Input: 26kW, 3ph, Induction motor, 2850rpm, with a
total rating of 780 V OCV and 600 Amp current capacitics
for opcrating arc heaters up to 200kW ratings. These arc
connected to the are heater with cables of 1000 A rating,
through a control pancl and monitored from DAS.

C. Cooling system: De-ionized water supplied by a de-
ionized water plant is utilized for arc heater cooling. The
water is supplicd from a storage tank filled with ionized
water, which is pumped cmploying a 20 HP multistage
centrifugal pump at a pressure of 10 Kg/em?® with a flow rate
of 300 Ipm. The flow through the arc heater system, mainly
the manifold and the clectrodes, is monitored online by the
DAS through thermal flow meter. The coolant stream from
arc heater system is then supplicd back to a second manifold
and to another tank for water disposal.

D. Gas Supply System: The gas supply systems for arc
hcater and plenum comprise of a cylinder bank to feed the
high pressure gas manifolds and dome regulators for the
desired high mass flow rates and pressures. Dome regulators
are cmployed for flow regulation and strain gauge (IRA
makc with accuracy +0.5 torr) and peizo-resistive
(Yokopgawa make with accuracy of £0.25 torr) type pressure
transducers are used for pressure measurements and control
by the DAS in cavity and plenum respectively. Thermal
mass flow meter (Bronkhorst make with accuracy of ¢+ 1%)
for SF, and conolis mass flow meters (with accuracy ol
£0.5%) for N, & H; are placed for mass flow measurements
through DAS.
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Fig. 2: Arrangement of various sub systems of arc
plasma generator

E. D.M. Plant: A de-mineralized water plant was installed
for this purpose supplying 600 liters per hour of water with
less than 1 siemens conductivity.

F. Control Panels: Control panels were designed &
developed for measurement and control of different arc
related parameters such as voltage, current, flow, pressure &
temperature etc from single control console at DAS station.
The control panels were made operational for safe working
of 50 kW arc tunnel. Instrumentation was directed towards
the two-fold purpose of arc operation and performance
evaluation. Primary instrumentation is directed towards the
determination of arc performance and is basically necessary
for an energy analysis to evaluate performance of arc heater.
Pt-100 RTDs (with accuracy of =*1%) and R-type
thermocouple (with accuracy of £0.5%) were used for water
. and plenum temperature measurements respectively.

G. Development of 50 kW arc tunnel: The 50 kW arc tunnel
consisting of arc heater, plenum, supersonic nozzle, cavity,
diffuser and dump was integrated for lasing experiments
(schematics shown in fig 3). In a chemical Laser, the
population inversion is by the chemical reaction, where
reaction mostly involves free atoms since the fuels involved
do not react rapidly in their molecular form [11, 12, 13].

Basic Chemical reaction is given by:
F+ H, — HF* + H + 32kcal/ mole

HF* — HF + H + Laser

The arc plasma generator or arc heater is an attrz-ictivc': tgol

for obtaining the high temperature necessary for d1§so<:1'a'uon

of SF¢ (>2000K). The energy from N, arc plasma 1s utlhz.ed
to dissociate SF¢ in plenum so as desired number of fluorine
atoms are generated for initiating the subsequent laf,mg
reaction in the cavity [14]. For a kW level HF arc-_drwc::n
chemical Laser system, 1gs” flow rate of SF6. is required in
plenum to generate desired quantity of fluorine atoms and
subsequently 1gs” of H, is added at the nozzle_ exit pl_ane to
initiate the chemical reaction essential for lasing action. A
50 kW arc heater (input power) is sufficient to crcate N,
plasma and to carry out the parametric variations qf dlfferf:nt
gases (viz. SFg, N2, O, etc) in plenum to have desired lasing
composition for kW laser output.

TSCHEMATIC DRAWING OF KW HFLASER |
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Fig. 3: Arrangement of key components of the laser
tunnel

3. PERFORMANCE EVALUATION OF ARC
HEATER

An ordinary electric arc without forced convection has
definite intrinsic properties. However, mass flow of gas
through the arc chamber represents a new, independent
parameter not present in ordinary arcs with natural
convection. Typical voltage-current characteristics for a
cylindrical configuration with thoriated tungsten cathode are
shown in fig 4 for Nitrogen in 50kW Arc Heater. The arc is
negative resistance load, so special power source with
drooping characteristics is needed for stable operation. Also
it has been observed that at fixed mass flow rate, the arc
voltage is relatively insensitive to arc currents. However,
with increasing mass flow rates the voltage demand and
input power increases proportionally.
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v-lon '50 KW Arc Heater The results [ refer fig (6)] show that thermal efficiency of the
arc heater ranges from 42 to 45 in 50kW arc heater, which
| & means that more than half of the total power input taken
~+—Nitrogen away by the cathode and anode cooling water.
. 1
2 ‘
%‘ —— 50 kW Arc Heater with Nitrogen ‘
£ N — J ————T—
o 65
>
| €
<n —— 60 S | S —————
170 — L ——ro—— ————
23 2
230 230 330 'QE) o L S —
ArcCurrent (Amp) E
o 45 I e
o) o —— __’_/é
Fig 4: Variation of arc voltage with arc current L memsm—— S § ‘
40 50 60 70 |
Plot of chamber pressure variati
P tation Arc input Power in kW
T . Fig. 6: Efficiency as a function of arc input power
B =
v |
2 ARC Power Vs SF6 Flowrate j
g : (N2 Flowrate @ 5.7gm/sec) |
1. | ;
2 - 80 |
E g B
£ 1 |
i | ) /\/; s |
40 |
3 3 5 6 7 8 § Foa '
Feeding pressure(bar) a;-, 30 !
—e—3mm nozzle —@—S5mm nozzle —=—6mm nozzle o
o 20
<
Fig. 5: Variation of chamber pressure for various nozzle 10
combinations 0
The chamber pressure variations [refer fig (5)] were studied 0379 0706 0769 088 1081 1031 113X
with three different nozzles i.e. 3mm, Smm and 6mm. It is SFB Flowrate (gmysec )
apparent that the smallest nozzle shows the highest chamber
pressure.
Arc heater efficiency is defined as ratio of the power to the Fig. 7: Variation of arc power with SF, flow

gas divided by the gross arc power fed into the arc heater;
4. EXPERIMENTAL RESULTS ON 50KW ARC

TUNNEL

The experimental parametric analysis for the developed arc
plasma tunnel is highly time intensive where the final

I 811}
<l 13

PC = Cathode losses in kW to employ it _for laser a;?plications. Experiments were camed
PA =Anode lossesin kW out to estabhsh‘thc lasmg parameters in 50 kW arc tunne
PG = Gross power in kW The results achieved are in compliance with the theoretical

values for lasing gas mixture in 50 kW arc tunnel [14] The
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desired Mach o in gas mixture is achieved with special
supersonic Coite rping/ diverging nozzle attached to plenum
of the tunnel. 1ie variation of arc power with variation in

SF, and H; flows is shown in fig (7) and (8) respectively.

F—"— Are Power Vs H, Flowrate

{N, Flowrate @ 5.7gmlsec)

(=23
o

T
}

3

Arc Power(kw)
N oW
o o

—_
o

o

T T T T T T T

0.075 0.172 0.325 0.466 0598 0.7 099
H, Flowrate(gm/sec)

Fig. 8: Variation of arc power with H, flow

0 0

50 KW ARC DRIVEN HE TUNNEL

“FLOW RATES FOR KW HF
LASER
No=> 6.9 gm/ Sec
H,— L0gm/ See

SEq=> 1.0 g/ See
REQUIRED ARC POWER 40 KW

ARC HHEATER IN OPERATION
Fig 9: Developed hardware and arc heater in operation

5. CONCLUSION

In this paper an attempt has been made to present the
developmental work on DAS using commercially available
data cards of Adventech make for hostile arc environment.
Experiments were conducted on 50 kW arc heater tunnel for
basic arc behavior and for optimizing lasing parameters.
The quantitative variation is attributed to the different
gcometry being employed specific to intended laser

[10]

application. The experimental results of effect of variation of
arc parameters on laser performance are also reported .h_ere‘
The calculated results for different operating conditions
show that with an increasing mass flow rates in arc heater,
there is increase in the arc voltage demand and result in
better thermal efficiencies. Also with increases of arc
current, we get the results in shorter arc & 10_we1'- thf_:rmgl
efficiency. From the analysis of power input distribution it
can be concluded that a major part of the electrical power
input is consumed by anode cooling water (more than 50"(0
of total power input) and only a small part of total energy 1s
lost due to cathode cooling.
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. Abstract : This paper presents a comparative analysis of
CMOS pseudo differential amplifier and CMOS inverter
based class AB pseudo differential amplifier using rail to
rail CMFB circuit. In CMOS PDA complimentary CMFB
circuit  consisting of common mode detector,
transimpedance and transconductance amplifier. But
CMOS inverter based PDA circuit employs two CMOS
inverters and CMFB consisting of current mode common
mode detector and transimpedance amplifiers. The circuits
have been designed using 0.18um CMOS technology under
1 Volt supply and simulation results show that in CMOS
inverter based PDA the rail to rail output swing is
. achieved with low common mode gain ( -15dB).The output
. swing of circuit is 0.7V and power dissipation is 96Uw,
which is less in comparison to 1V CMOS PDA.

. Keywords: pseudo differential amplifier; common mode
. Jeedback; CMOS inverter

1. INTRODUCTION

Nowadays, a high performance analog circuit using low
| voltage becomes essential mainly due to the advance of the
large scale integration with complicated circuit systems and
the demand for battery-operated portable equipments.
However, supply voltage reduction in analog circuit causes
' several performance degradations and, therefore, new
' approaches in the design are needed to obtain analog
. circuits with enough bandwidth, gain and linearity.
Operational transconductance amplifier (OTA) is one of
the most basic cells as OTA finds many applications in
many analog circuits such as operational amplifier, voltage
'~ comparators, A-D and D-A converters and high frequency
filters. Several approaches have been proposed to design
. low voltage OTA [1-14] using both fully differential (FD)
and pseudo-differential (PD) configurations. FD is
. typically based on a differential pair with a tail current
" source while PD is based on two independent inverters
without tail current source. It is known that avoiding the
voltage drop across the tail current source, in a PD
 structure, allows wider input and output ranges, and makes
the architecture attractive for low power- supply
applications. However, PD structure requires an extra

common-mode feedback (CMFB) circuit, which serves two
purposes: 1) to fix the common-mode voltage at high
impedance nodes and 2) to suppress the common-mode
signal components. Several approaches have been proposed
to achieve CMFB [1-10]. Switched-capacitor circuit was
proposed to build a CMFB [1], and the resulting circuit
shows small power consumption. However, the CMFB
circuits introduces clock-feed through error and load
capacitance, [2-3] used simple resistive divider to sense the
voltage of two differential nodes. As a result, the voltage
swing of the CMFB is not limited. However, not only do
these resistors require large silicon area, they load down the
output impedances. [4] used MOS resistive network with
bulk-driven CMFB technique. However, the circuit has
quite low output impedance and high common gain. To
solve the problem, methods of employing MOS transistor
as CMFB circuit have been proposed [5-6]. The CMFB
consists of CM detector and one stage amplifier. As a
result, the common-mode gains are quite high and, in
addition, the output swings are limited. [7-8] employs
transistors with two stage common-mode amplifiers. The
resulting common-mode gain is low. The problem with this
structure is that the circuit has limited output swing and
potential oscillation problem. [9-10] proposed the
complementary CMFB, which can achieve both low
common- mode gains with good output swings. However,
the circuits are complex and show high power
consumption. [11-12] proposed positive feedback
technique to increase the differential gain. However, the
circuit shows quite high common-mode gain (A, = -6 dB).
2. CIRCUIT DESCRIPTION

The circuit for CMOS pseudo differential amplifier is
based on the configuration shown in Fig. 1. As seen. PDA
consists of the input transconductor Gy and common
mode feedback network (CMFB). When the outputs from
G, are differential signals, the currents through resistors
R are of the same value but opposite phase. These currents
will flow to each resistor and be mirrored to the Outl A and
Out1B. Because these currents arc of the same amplitude
but opposite in phase, there will be no input current to the

11
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transimpedance amplifier and no voltage variation at node
C. The current through resistor R are also mirrored and
positively feedback to the output of the input
transconductor Guqn). As a result, the output impedance of
PD at node V,, and V; are given by Zou. When the outputs
from PD are common mode signals, the common mode
current will flow through nodes A and B with the same
amplitude and phase. As a result, the summation of thesc

e —— ——— —— — —— — — —

two currents arc added and passed to the common mode
amplificr (A) which consists of transimpedance amplifier
and output transconductor Gyg. The output current of Gy,
is fed back to the output node of input transconductor
Gymany to climinate common mode signal. From Fig. 1, it
can be casily shown that the common mode output
impedance at the output nodes (V,,, and V,;) are

r g T T T e e e ; —————— -:
: Input Transconductor : CMFB l: o Al :
! | Outl
3 = ]
: 7 : _@_ tn Current ™~ A ]
] v \ iy | R L Mirror A e 60 |
: "t O——— + — |V, Out2 : —~ :
N t —@— \N— N
H = « I
: Gnany : B I
[} + i - AN = ]
I Veo—-- - 1 v, > Out2 | = !
| / ‘nl "2| IS rent -— ]
I h 2 . urren | —— H
| Z i Mirror 13 = |
| 1 @ Outl ] - !
| i 1: o Ao :
I —. | :
e L . S ———= e e -

Fig. 1: Block Diagram of the proposed PDA

<m

B 1 +2AB)/R
goul+( +a B) (])

Where the differential mode output impedance at the output

nodes are
1

T e +(1—0)/R

Zim

)

where A,a,B and g, are the gain of CMFB circuit. From
equation 1 & 2 the common mode gain is
1

Aa =Gy,
o g +(1+a+2AB)/R
: )
similarly differential mode gain can be shown as
1
A, =G, .| ——
dm M(IN) gum +(1-0£)/R (4)

From equation (3) and (4) the common mode rejection ratio
is

+(l+a+2AB):‘RJ

CMRR =222 _ | B
A, g, +(1-a)/R

)
If A is large then CMRR can be increased.

- Now, the description for a CMOS inverter based class AB
~ Pseudo Differential amplifier has been given below.

A. Conventional Class-AB OTA

A conventional class-AB OTA is shown in Fig. 1 (a). As
seen, the circuit is based on CMOS inverter, It is well
known that CMOS inverter has high gain and less power
consumption. [n addition, it contains no internal nodes and,
as a result, the performance of the circuit will not be much
degraded by the extra parasitic poles at high frequency. The
PD structure using CMOS inverter is shown in Fig. 1 (b). It
can be casily scen that the differential-mode gain (Au.) is
the same as the common-mode gain (A,,), resulting in the
unity common-mode rejection ratio (CMRR Asr/Ac).
Since large A, can lead to large common-mode variation
at the output [13], therefore common-mode feedback
(CMFB) circuit is required. Large A, can lead to large
common-mode variation at the output [13], therefore
common-mode feedback (CMFB) circuit is required.

Fig. 1: (a) Inverter based single-ended OTA (b) Pseudo-
differential OTA

12
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B. The Proposed PDA Structure

The proposed PDA is based on the configuration shown in
Fig. 2(a). As scen, PDA consists of the two independent
CMOS inverters (Minp - Mayp) and common-mode
amplifier (CMA), which serves two purposes: 1) to detect
the common- mode signal at the output nodes (V,, and
V,2), and 2) to provide positive feedback (see dash linc) to
cnhance the output impedance and differential gain.

(a)

----- PR .
O—La AAA ] €M
Var % -T’ @ OutiA Ou2A
it s
M R gﬁlR b ,cmu

{fix
ah

Vor m +i_R- @ OulB Ou2B
o——A\A\N\—] s
U ..... > R CM
(b)

Fig. 2: The proposed PDA (a) Circuit configuration (b)
Structure of CMA

The operation can be explained as follows. In case of the
common-mode output signal (Vo12= Vo), CMA will
amplify V,;, and negatively fed back the result (Vema) to
the bulk terminals of Mpzp such that the common-mo@e
output voltage is suppressed. On the contrary, CMA will
not respond to the differential-mode signal (Vo= - Va2,
namely, the output of CMA (Vcma) Stays constant. The DC
common-mode voltage is set by Ve It is noted that the
common-mode gain can be further suppressed if Vema 18
also fed back to the bulk terminals of Minan This can be
made possible in the triple-well process. Fig. 2(b)

illustrates the architecture of the proposed CMA. As scen,
CMA consists of two matched resistors (R), two current
mirrors (CM) and transimpedance amplifier (TA). The
operation of the CMA can be explained as follows. When
the output voltages from PDA are differential signals (see
solid signal), these voltages are converted to the currents
through resistors R. These currents, which have the same
magnitude but opposite phase, flow to each resistor and are
mirrored to the Outy, and Outyp terminals (with the current
gain of ). Because these currents have the same magnitude
but oppositc phase, therc will be no input current flowing
into the transimpedance amplifier (TA) and, thus no
voltage variation at node C. In addition, the currents
through resistors R are mirrored to the Out;x and Outjp
terminals (with the current gain of ), and positively fed
back to the output of the PDA, thus enhancing the output
impedance (at nodes V,, and V,,) and differential gain of
the system. When the outputs from PDA are common-
mode signals (sec dotted line), the common-mode current
flows through nodes A and B with the same amplitude and
phase. As a result, the summation of these two currents are
added constructively and passed to transimpedance
amplifier (TA). The amplified output voltage Vema 1S
negatively fed back to the bulk terminals of Mp2p tO
suppress the common-mode voltage, as discussed
previously. Straight forward small signal analysis shows
that Agm and A, can be derived and shown as

)

d Z i
Adm = —O‘M(N)[l'!-(l—a)z‘w/R]

V4
A i _G ol 2
"“"L (e 28 R )7, R} @

Where Guqny is the transconductance of the CMOS
inverter (Gumyy =gMinan + 8Myp2p), Zout 18 the output
impedance of the PDA (Zout=roin2n/Torp2p). @ and P are
the current gains of the current mirror (CM), g is the bulk
transconductance of M;pap, and R is the transimpedance
gain of the transimpedance amplifier.

From eq (1) & (2), one can find the common mode
rejection ratio as

-

. I+(1+a-2g..BR.)Z ]
CMRR = 'd»:{ (l+a-2g.BR)Z. 'R

l+(1-a)Z,, / R

(3)

A

om

From Eq. (3). one can notice that CMRR can be increased
if the transimpedance gain (Ry) is large. In addition, the
current gain a and B of current mirrors A and B also play
roles in determining the CMRR.
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Fig. 3: The proposed class AB pseudo-differential amplifier (PDA)

3. CIRCUIT IMPLEMENTATION

The circuit implementation of Fig.1 for CMOS pseudo
differential amplifier is given as in [15].

The circuit implementation of Fig. 2 is illustrated in Fig. 3.
Mpp-Monp consist to be the input pseudo-differential
amplifier, while Msn,p-Mgn.p consist to be a wide swing
CMFB circuit. My p-Msyp form the current mirror A while
Mgnp- Mgnp are used to form the current mirror B. The
current gain with the ratios of « and B can be achieved by
adjusting the aspect ratios of Manp, Msnp (Mexp, Maxp)
and Mixp, Manp (Menp, My p), respectively.

!
} It is noted that the choice of « requires precaution. A large
i value of « can result in a large differential gain. However,
large value of a can drive the circuit unstable. In practice, a
; should be set a little bit larger than one to compensate for
the loss, due to the imperfection of the current mirror not
being able to perfectly mirror the current from the input to
the output. In this work, a is set to 1.3 to enjoy both
differential gain and stability. The value of B plays role in
determining the common-mode gain, because it is part of
the CMFB circuit. As seen in Eq. (2), large value of B
. results in low common- mode gain. However, it is noted
. that large P requires large transistors, thus large standby
current and parasitic capacitors, which can degrade
. frequency performance of the system. In this work, B is set
to 3.

Transistor Moy p and Ry consist to be the transimpedance
amplifier (TA). The transimpedance gain of the circuit is
set by the resistor Rg. The transimpedance amplifier is
employed here to enhance the gain of the common-mode

amplifier (CMA) and, at the same time, to reduce both
. input and output impedances (at nodes C and D), so that the
. time constants associated with these nodes are low. The dc
common-mode voltage level (V) is equal to the voltages at
. nodes A and B, which is given by [14]

- = th —V/\(n T V.’I'lll"l'; N V,..,‘.‘ i (4)
l e Jﬁﬁ"l't ’.\)/ﬁl’{]i' 6F)
where  PaanenyPoCoxd W/L)ansn  2nd Boapse=HsCanl
W/L)spsp

For maximum output swing, we have set Boney and
Busp.sp Such that Vcis equal to Vpp/2.

4. SIMULATION RESULTS

To verify the circuit performance, HSPICE is used to
simulate the proposed circuit, using 2 0.13 pm. CMOS
process under the supply voltage of 1 V. In this work, the
bias currents of all transistors are chosen to optimize both
gain and power dissipation. CMOS pseudo differential
amplifier and CMOS inverter based class-AB pseudo
differential amplifier show following characteristics.

A. DC transfer characteristic:

Fig. 4(2) and Fig.4(b) show the DC transfer charactenistic
for CMOS PDA and CMOS inverter based PDA
respectively. In both type of PDAs output swing shows rail
to rail operation.

-

am Vohaget V)

ity

WSS ¥ Jodui

Fig. 4(a): DC transfer characteristics
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C. Frequency response for DM input signal:

S

Fig. 6 shows the frequency response in case if differential
mode input signal. In Fig.6(a) DC gain is found to be
36dB,while -3dB and unity gain frequency are 14MHZ and
1.25GHZ respectively while phase margin is 87°.. As seen
in Fig. 6(b) the DC gain is found to be 36 dB, while the -3
dB and unity gain frequency are 8.5 MHz and 800 MHz,
respectively. The phase margin is 85°.

B ——

40— T T

Input Voltage (V)

Fig. 4(b): DC transfer characteristics

ts
Plusetdegreed

Cram(dly)

B. Transient response of output voltage:

HU

Fig.5(a) and Fig.5(b) show differential & common mode
voltages. As seen in CMOS PDA differential voltage is _
+0.7V & variation in common mode voltage is 0.3mV.But 93
in CMOS inverter based PDA differential and common L
mode output voltages are 0.7Vp-p & 0.4mVp-p. '

Frequencw iz}

Fig. 6(a): Gain and phase margin of DM

40 — W

OM Ouput Voluga V)

DM Outpat VolagetVy

Fig. 6(b): Gain and phase margin of DM

D. Frequency response for CM input signal:

Onatpul \ oltage (V)

Fig. 7 shows the frequency response of the PDA in case of
the common-mode input signal. As seen in Fig. 7(a)
common mode gain is -36dB and power dissipation is
0.23mW but Fig. 7(b) shows the common-mode gain is
1o 200 w relatively much smaller (-15 dB), while the bandwidth is
almost the same as in the differential-mode case. The
power dissipation of CMOS inverter based class-AB
Fig. 5(b): Differential & common mode output voltages pseudo differential amplifier is 96 pW,
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Fig. 7(b): Gain and phase margin of CM

CONCLUSION

In this paper a CMOS PDA and CMOS inverter based
PDA are used, which operate on low voltage and usc
CMFB circuit. Simulation results show that in CMOS
inverter based PDA common mode gain is -15dB, unity
gain frequency is 800MHZ, phase margin is 85° and power
dissipation is 96 W which is very small in comparison to 1
volt CMOS pseudo differential amplifier.
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Abstract: This paper deals with a comparative study of
Surface  Plasmon  resonance (SPR) sensor using
metamaterial and conventional surface Plasmon resonance
(SPR) sensor. This comparative study results belter
understanding of novel property of metamaterials which can
be used in the field of sensing. Reflectance is evaluated for
the p-polarized light launched in the fiber. Contrary to the
conventional case, in which surface polaritions with positive
phase velocity appears at a boundary of metallic guide,
where as in this case, surface polaritons propagate along
the boundary of a metamaterial guide with negative
refractive index.

Indexterms: Optical fiber, Surface Plasmon resonance
(SPR), Reflectance.

1. INTRODUCTION

The phenomenon of surface Plasmon resonance has been
known for a long time and has been used for chemical
sensors and remote sensing [1]. It makes use of a prism and
a thin metal layer deposited upon the prism. Traditionally,
SPR is measured using the Kretschman configuration, with a
prism and a thin highly reflecting metal layer (silver or gold)
deposited upon the prism base [2]. The reflection spectrum
(reflected light intensity versus angle of incidence with
respect to the normal of the metal) is measured by coupling
transverse magnctically (TM) polarized monochromatic light
in to the prism and measuring the reflected light intensity of
the ray cxciting the prism versus the angle of incidence.
Fresnel cquations [3] are used to predict reflected and
transmitted light intensity from multilayered structures.
Resonance condition is established when the frequency of
light photons matches the natural frequency of surface
clectrons oscillating against the restoring force of positive
nuclei, This paper explores the use metamaterials to prodgcc
the surface Plasmon resonance at microwave frequencics.
Mdtamaterials are materials with ncgative pcrmitli\’ily an

permeability. Metamaterials  have attracted considerable

attention in recent years [4-8]. These are artificial materials
engincered to provide properties which may not be readily
available in Nature. These materials usually gain their
properties from structure rather than composition, using the
inclusion of small inhomogenetics to cnact cffective
macroscopic behavior [9]. Apart  from sensing  field
metamaterial can be used in other applications such as
perfect lens, various filter applications, phasc shifter, and
MRI .By using metamaterial in surface Plasmon resonance
(SPR) sensor, it increascs refractive index sensitivity by
generating the resonance condition at longer wavelength and
reduces the value of reflectance.

2. FORMULATIONS FOR A GENERALIZED
SURFACE PLASMON RESONANCE
SENSOR

Considering the layered structure shown in Fig.1.A Planc
wave is incident from the medium 1 with 2. and «. on the
layer with z; and 4. bounded by the medium 3 with 2- and
v, .Here 2 and u are relative permittivity and relative
u..The

permeability normalized to free space and

reflection cocfficient R is well know [10].

\ 4

Fig.1 Geometry of three layered Structere

—_—
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—T > -
R=—1H Q)
A+ 2
Where .
A=D= Cos \‘.;-L 8= ‘;:;Stﬂk::d, C= ﬂ;i:—d
ke = (K- (KiSingy), 1= 1,23,k =k
k.= : is the frec space wave number
( XL for p — polarization (E. E.. H\]
wizl i 2 ) L LA
= =5 \
©[== for s — polarization CHK.H:.E..JJ

In this formulation, both &; and u, are complex. However for
a passive medium , we require, using exp(jwt) time
dependence,

Im () <0
Im (u;) <0
Im () <0
Im (2) <0

Re =>0
N

In this paper we examine equation (1) for metamaterials and
discuss its physical meanings.

3. CONVENTIONAL SURFACE PLASMON
RESONANCE SENSOR

Before we discuss metamaterial surface plasmon resonance
sensor, firstly we see the conventional optical sensor making
use of the surface Plasmon resonance.

Incident

beam Reflected Light

Prism

Metal

Surrounding

Fig 2.Schematic geometry of the
conventional surface plas mon resonance
sensor strucuture

Fig. 2 illustrates the model geometry of the three layered
surface Plasmon resonance (SPR) presented here. The model
structures consist of a high index prism (SF10 with
refractive index n = 1.723), Ag metal layer, and a water
buffer (n = 1.332) for a p-polarized incident light of 6.32'.8
nm to have sharp resonance curves and minimum reflectivity
dips.
Reflected Light

Incident
Beam

Prism

Metamaterial

Surrounding

Fig 3.Schematic geometry of the metamaterial
based surface plasmon resonance sensor structure

4. SURAFCE PLASMON FOR META

MATERIALS

We now generalize the conventional Plasmon sensor
discussed in above section to include the metamterials with
arbitrary ¢ and - .Fig. 3. lllustrates the model geometry of
the three layered SPR structure using metamaterial in the
place of Ag metal layer in conventional SPR sensor. All
considerations are same as made for conventional structure
only Ag metal layer is replaced by metamaterial layer. This
layer of metamaterial, which is having the value of < is -
0.66-0.001*i and the value of . is -2.All values of the index
for the prism and water buffer layer are kept same as taken
for the conventional plasmon resonance sensor .

5. RESULTS AND CONCLUSION

This paper has presented the use of metamaterials for
Plasmon resonance sensors (SPR) at microwave frequencies
and also deals with the comparison of conventional surface
Plasmon resonance sensor using Ag metal layer and surface
plasmon resonance sensor using metamaterial. Fig4 shows
the reflectance curve for the conventional surface plasmon
resonance sensor as a function of incident angle =, in the
incident medium of the SF10 prism. The optimum thickness
of Ag metal layer is determined to be 131 nm. The complex
refractive index of Ag used is 0.082 + 41563 * 1. Fig S
shows the reflectance curve for the metamaterial based
sensor as a function of incident angle ® Thickness of
Metamaterial layer is same as Ag metal layer.
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From the above discussion, it can be said that op
hickness of the layer, metamaterial based surface
resonance Seneol Lets the lower value of reflec
comparison 10 the reflectance of the Ag me
© onventional sirface plasmon resonance sensor),
values of miniuin reflectance of silver-
metamaterial based surface plasmon resonance sensor are
0.95537 and 0.00030 respectively and inci

dent angles for th
silver- metal layer and metamaterial based surface plasmme]
resonance Sensor are 54.74612. and 32.80183 respectively.

plasmon
tance in 1
tal layer
Numerica]
metal layer and 2)

B3]

{—

(4]

0.995[

0.991

(3]

Intensity

(6]

(:0.955o

10 20 30 40 50 60 7‘0

80 90
Angle (degrees)

(7]

Fig. 4 Reflectance curve for conventional surface
plasmon resonance sensor as a function of incident angle.

(8]
1.2
i
[9]
> 08f §
E
=Y
0.4
02} ] [10]
o 10 20 3 40 S0 60 70 80 80

Angle (degrees)

Fig. 5 Reflectance curve for metamaterial based surface
plasmon resonance sensor as a function of incident angle.

the same 6

KIET Int &
ern
ational Journal of Communications & Electronics
Volume. No. 1, Issue No. 1, Jan - Feb 2013, ISSN: 2320 - 8996

REFERENCES

Jorgenson, R. C. and S. S. Yee, “A fiber-optic chemical
sensor based on surface Plasmon resonance” Sensors
and Actuators B, Vol. 12, 213-220, 1993.
E.Kretschmann and H.Raether, Radiative decay of non
radiativesurface plasmons excited by light, Z.
Naturforsch, Teil A,23 (1968) 2135-2136.

E.Hecht, “optics”, Addison-Wesley: Massachusetts,
1974,

Veselago, V. G.,”The electrodynamics of substances
With simultaneously negative values of @ and
1,”Sov.Phy.Usp., Vol.10,No.4, 509-514,Jan.-Feb.1968.
Pendry, J. B., A .J. Holden, D. J. Robbins, and W.J.
Stewart,” Magnetism from conductors and enhanced
nonlinear phenomena,” IEEE Trans. Microwave Theory
and Techniques,Vol.47,No.11, 2075-2084,November
1999.

Smith, D. R., W. J. Padilla, D. C. Vier, S. C. Nemat-
Nasser, and S. Schultz, “Composite medium with
simultaneously negative permeability and permittivity,”

Phys. Rev. Lett, Vol. 84, No. 18,4184-4187, May
2000.

Pendry, J. B., “Negative refraction makes a perfect
lens,” Phy.Rev. Lett., Vol. 85, No. 18, 39663969,
October 2000.

Ziolkowski, R. W. and E. Heyman, “Wave propagation
in media having negative permittivity and
permeability,” Phy. Rev. E, Vol. 64, No. 5, 056625,
2001.

Shridhar EMendhe &  Yogeshwar Prasad
Kosta,”Metamaterial Properties and Applications”,
International Journal of Information and Technology &

Knowledge Management January- June 2011, Volume
4, Nol, pp.85-89.

Ishimaru, A., Electromagnetic Wave Propagation,
Radiation, and Scattering, Prentice Hall, 1991.

19




@ KIE I ,:_?(:E KIET International Journal of Communications & Flectromcs
Volume. No. 1, Issue No. 1, Jan - Feb 2013, [SSN: 2320 - 8996

/—-’ . e .

Optical Detection of Chlorine for

Chemical Oxygen lodine Laser
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1.2345] ocer Science and Technology Centre,
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Abstract: This paper focuses on the implementation of with sufficient nitrogen puffer gas and mti‘lxed ";’;thﬂtlzg
optical technique for measurement of chlorine gas lasing species 1.€. 1od}ne. The total flow Lo Jaser
utilization which is one of the critical parameters for supersonically expanded into the'laser cav1t§', w o o
Chemical Oxygen Iodine Laser (COIL). COIL employs power at 1.315 pm wavelength is extracte according
chlorine as one of the fuel components to generate singlet equations (1) and (2). W
oxygen molecules after its reaction with Basic Hydrogen 0,(A)+ICP, )@03(‘z)+1'(1Py)
Peroxide (BHP) solution. The efficiency of COIL is % 2 2)
. strongly dependent on utilization of chlorine which in turn 1'(1P%)+nhu—> I (ZP%)+(n+l)hv

% maximizes the laser output power. An optical absorption
based in-house custom built chlorine detection system has

] i i urce, O, (‘A) is an excited form of oxygen
been developed and interfaced with COIL Tnz?eiﬁﬁp:&%hsgnergy lév(el )very near to the atomic iodine
Keywords: Chlorine; Data acquisition; Chemical laser; and hence almost a near resonant energy transfer. can be
Interface electronics; Graphical user interface ' achieved. Various methods such as c:hemu:al, electrical (RF
' and Microwave discharges) and optical methods have been
1. INTRODUCTION used for the generation of these pumping molecules.
Amongst these, the chemical method is the only method till
COIL is one of the flowing medium infrared gas lasers [1- date that has been successful for the large-scale production
3] which utilizes various gas effluents and chemicals. It is of singlet oxygen with required yield. The chemical
the only chemical laser based on electronic transition. It has method is based on the reactions between chlorine gas (Cly)
distinct benefits in terms of scalability, efficiency (>20%), and BHP solution as,
shorter  wavelength (A=1.315um) enabling  fibre 2KOH + H,0, + Cly —2KCl +2H,0+ 0,CA.) 3)

compatibility for remote operation and also good laser
material interaction. Owing to these advantages it is.highly
sought after laser source for numerous applications. The
pumping energy source for this laser is singlet oxygen
0,('A), which is an excited form of oxygen molecule with
energy level very near to the atomic iodine. This allows
possibility of a near resonant energy transfer. Singlet
oxygen is required not only for pumping but also for
dissociation of iodine molecules. It is produced using
chemical method by the reaction between chlorine gas and
BHP solution. The production of singlet oxygen is strongly
dependent on the amount of chlorine reacted to the BHP
solution. There is a need for development of non contact
type method for estimation of chlorine utilization so that
flow of laser gases does not disturb. An optical absorption
based chlorine utilization measurement system has been
: developed for optimization of COIL.

The lasing medium (iodine atoms) is injected into the
pumping medium in the gaseous form. In typical COIL
operation, commercially available iodine crystals are
converted into vapor form in an evaporator and supplied
with the aid of heated nitrogen gas. Fig. 1 shows the
functional block diagram of COIL, which exhibits
interconnections of all subsystems.

Chlo rirne
Measurement Undt

|
. e
e 1 T

|

4\“‘_’,\ — Tre |
)y T

Lager

. COIL first demonstrated by McDermott [4] in 1978, is the
only chemical laser with electronic transition. A two phase e LI( :

" reaction between BHP solution and chlorine gas produces o e e}

. Pumping medium, singlet oxygen 02('¢\g), This is diluted Fig. 1: Schematic of COIL System
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v prepared ina separate storage tank and
s suppliml to et (.\,\.yg‘cn. ‘gcucrumr (S-()G) reaction
‘:h;1t111"‘r in ihe form ol Jets. Ihe chlorine 18 supplied to
coG reaction chiamber from .lhc‘ h‘ouum side so that it
;‘m_‘s with the ‘:\‘.‘f e of the h‘qutd Jets to produce singlet
U molecules. Fhe supplied BHP through SOG s
c(wflquL“ in recetving tu.}nlk attached at the bottom of the
S0G reaction chamber. The temperature of BHP solution
pas o be m‘.lilﬂ.!‘l.nl‘d at a temperature of <20° C from the
safety and operational performance point of view. Thus, a
cooling system attachment for both the BHP preparation
and receiving tanks is essential,

— —
l"hc Bl”‘ S\)h\-

S0G is an important subsystem in COIL. The input to SOG
is chlorinc and BHP solution. The concept of chemical
based jet type singlet oxygen generator (JSOG) for the
production of singlet oxygen for COIL applications was
first demonstrated by Balan e.al. [5] and later implemented
by Zagidullin [6]. Basically the gencrator consists of a
large number of finc jets of BHP flowing through an
atmosphere of chlorine.

The chemical generation of singlet oxygen involves a
liquid-gas phase interaction and hence involves many fluid
dynamic aspects. The parameters associated with the
reaction i.c. chlorine utilization, molar flow ratc and
pressure of chlorine gas line, pressure, temperature and
flow rate of BHP inside SOG are required to be controlled
and monitored.

In this article, we present the optical absorption based
chlorine utilization diagnostic system for COIL.

2. SYSTEM DESCRIPTION

A. Basic principle

The principle behind the estimation of chlorine flow is
peak absorption of chlorine at ~ 330 nm [7, 8] with an
absorption cross-section () of 2.75x10™° em®. In COIL
operation, known flow rate of chlorine is passed through
SOG and reaction (3) utilizes the chlorine for singlet
oxygen generation. Chlorine utilization measurement gives
the percentage of chlorine molecules reacted with BHP for
generation of laser pumping medium i.e. singlet oxygen.

In order to estimate the utilized chlorine, un-utilized
chlorine is measured by applying Beer Lambert law at the
exit of SOG. A probe beam (A ~330 nm) is passed through
the optical cell containing measuring medium as shown 1n
Fig. 1. Fig. 2 shows the schematic diagram of chlonqc
measurement. The intensity of the transmitted beam is
given by the Beer Lambert’s law:

1, .
—=cxp€onl
1y

(4)

Where

Iy- transmitted light intensity at frequency ‘v’ (intensity
with chlorine)

- incident light intensity (intensity without chlorine)
o= absorption cross section ((2.75x 10" _cm;)

n- chlorine concentration (molecules cm’)

L= length of the optical cell

Focus lens

\

| ( 5%

I _ |
Active edium  Detector
Cllon

hlonne

Filter

Light

Source

-/
Colbhmator

Fig. 2: Optical scheme for measurement of chlorine

From the above relation, the partial pressure of chlorine can
be determined as,

e-{Ep(2
ol I,

Where, k is the Boltzmann's constant and T is the
temperature of the medium. In case of COIL operation,
chlorine is carried to the laser head along with nitrogen and
pressure measured in the optical cell is the total pressure of
chlorine and nitrogen gas. Thus, unutilized chlorine molar
flow rate *(Mciex' at exit of SOG can be estimated using
Dalton’s law,

(5)

()('h X Mct
()ful - I’(‘I} :

M(.'.rz :1,, = (6)

Where,
P\ - Total pressure at the measuring optical cell
M.- Molar flow rate of the carrier gas (N,)

The flow rate of exit chlorine *(Mca),.,, " is estimated using
relation (6) and chlorine input {low rate “(Mermou' s
known using the principle of onfice under choke flow
condition [9]. Hence chlorine utilization ‘{/;" is estimated
using the relation (7).
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B, Experimental Setup

The singlet Oxygen from generator along with nitrogen is
passed through optical ce}l of 25 cm length and 2.54 cm
diameter. The flow rpedlurr_l from the optical cell with
graces of chlorine gas is continuously pumped out to liquid
pitrogen trap. Ultra Violet mercury lamp is used as a light
source along with an interference filter with 330+5 nm. The
collimated light is passed through the cell and detected
using silicon photodiode (RS component stock no. 303-
674). The flow rate of exit chlorine ‘(Mci)exiy' can be
estimated using the relation (6) and chlorine input flow rate
“(Mc)inp’ 1s known using the principle of orifice under
choke flow condition. Fig. 3 shows the photograph of
developed chlorine measurement system.

Fig. 3: Photograph of Chlorine measurement system

Initially tota] pressure in the transport duct (P, ) was
Measured using a capacitance gauge (M/s Pfeffier make
Model No. CMR 262) due to its high accuracy (0.2%),
owever, these sensors require warm up time of about one
our for achieving accuracics of this order and moreover
. © Water vapor and hazardous gases such as Cl; and I,
versely affect the performance. Therefore, diaphragm
P pressure transmitters from M/s Metran of “Metran-22

Seri 3 ) \

Whizi have been used, These employ metallic diaphragm,

e ¢ suitable for corrosive environment as
Countereq i

n COIL application.

In these diaphragm type sensors, there is a monocrystalline
sapphire plate with silicon film tensoresistors (silicon-on-
sapphire-structure), connected fast to diaphragm_ of
tensotransducer. Tensoresistors are connected into bru.ige
circuit. Deformation of measuring diaphragm (deform{itlon
of tensotransducer’s diaphragm) causes proportional
resistance change of tensoresistors and misbalance qf
bridge circuit. Electrical signal from bridge circuit output is
fed to microprocessor based electronic module, where it is
transformed into unified current output (4-20 mA). These
operate at 24 V supply to produce 4-20 mA output gurrent
signal. The current signal is preferred because it is !css
likely to be affected by noise. The temperature of medium
is monitored using resistance temperature detector Pt-100.

The continuous recording of temporal variation of pressure
and photodiode signal is carried out using a dedicated PCI
bus based data acquisition system (DAS). DAS [10] is not
only require for diagnostic parameters estimation but also
for real time operational control, acquisition, mcasurement,
monitoring, display, storage and analysis of parameters.
Fig. 4 shows the scheme of DAS which has been used for
estimation of chlorine utilization as well as for other
operational requirements of COIL.

C. Chlorine Safety System

A safety interlock scheme has been implemented to cater
for any leakage of Cl,, and storage of BHP solution. Fig. 5
shows the general safety scheme adopted for safe operation
of COIL.

For example, chlorine supply system is operated at sub-
atmospheric pressure (500-600 torr) to avoid any leakage
from the system. Chlorine leak detection system (Model no
Advance 200) has been installed for detection of chlorine
leakage. This system has option to set a threshold
concentration of 1 and 10 ppm and produces an alarm
signal (SS), which is compared with preset reference value
(RF). If leakage exceeds this limit, data acquisition system
issues a command to shut off the experiment and switch on
the safety equipment (air ventilation system installed in the
chlorine supply system).

The sensor produces 5 mA current output signal according
to the concentration (1ppm or 10 ppm as per settings of
threshold value) of chlorine. This current output is fed to a
current to voltage converter o get a voltage output signal
and is compared with a reference signal (SV) to activate air
circulation system & alarm and the scheme is shown in Fig
6. The ventilator output is passed through a scrubber
(charcoal) to absorb the traces of chlorine before it is
exhausted out of the chimney into the atmosphere

T
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[53! sus based data acquisition system
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Fig. 4: Schematic of data acquisition system
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8- 6: Automatic control unit for chlorine sensor

D. Data Acquisition System

Chlorine utilization diagnostics system is interfaced with
PCI bus based data acquisition system (DAS) which
comprises of three modules: (i) acquisition and analysis,
(ii) operational and sequence control and (iii) safety
interlocks. DAS has been configured using Advantech PCI-
1716 multifunction card and application software
developed using VC++. Five user’s friendly graphical user
interfaces (GUI) have been designed for on line parameter
acquisition, control and safety interlocks implementation.
This card is a 16 bit high resolution multi function card
with a sampling rate of 250 kS/s.It includes complete
functions for data acquisition and control including A/D
conversion, D/A conversion, digital input, digital output
and counter/timer. Fig. 7 shows one of the GUI for display
of acquired parameters as well as control switching and
sequential functions.

The acquisition and analysis system is responsible for the
acquisition of analog and digital parameters along with the
storage and online estimation of diagnostics parameters in
graphical form for analysis of performance of different
subsystems. The analog input channels are required for
acquiring the signals from transducers like pressure sensor,
temperature sensor and photodiode. On the other hand, the
digital input channels are used to indicate the status of
various subsystems such as the system readiness status for
laser firing and on/off status of various electro-
pneumatic/solenoid /slit valves.

The operational and sequential control system 1s
responsible for the sequential and switching control of
electrical/ electro-pneumatic valves/devices and online
control and adjustment of physical parameters like flow
rates of gases involved in lasing action. This system also
incorporates both analog outputs as well as digital output
channels. The analog output channels are required for the
flow rate control of different gas feed lines, whereas digital
outputs are required for performing switching and
sequential operations  (on/off control)
subsystems.

of wvarious

3. RESULTS AND DISCUSSIONS

The developed chlorine diagnostics system has been
interfaced with COIL for estimation of chlorine utilization
The experiments have been conducted for large variation in
Cl, flow rate conditions ranging from few tens of mmols’
to few thousands of mmols™.
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operation

The temporal variation of chlorine absorption signal,
pressure and temperature signals are acquired by DAS in
real time and the corresponding iodine flow rates are
estimated and displayed on the PC in real time. The data
acquisition card acquires the corresponding data from
photo detector, pressure and temperature sensors via
different analog input channels of data acquisition card and
stored in the different files in the software, which are used
for the online estimation of the unutilized chlorine flow
rates. Fig. 8 shows typical curve of chlorine absorption
signal detected by silicon detector. Initially there is no
chlorine and we get a photo signal (Io ) and when chlorine
Is passed through the measuring cell, there is a dip in the
photo signal (I, ) due to absorption of signal by chlorine
molecules. This curve determines the partial pressure of
chlorine gas using relation (4) and (5). Ultimately chlorine

f]O}\TV rates are estimated using relation (6) which is shown
inFig. 9.
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The 01_)lserved unutilized chlorine flow rates are ~1.64
mmols™. The detailed experimentation in the present case
corresponding to supplied input chlorine flow rates of ~
27.5 mmols™ , shows a typical chlorine utilization of nearly
94% using the relation .

Chlonine flow rate Vs Time
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@
a
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Fig. 9: Typical estimated unutilized Chlorine flow rate

The chlorine utilization is one of the important diagnostics
because COIL power is a strong function of chlorine flow
rates. Moreover unutilized chlorine can not be sent directly
to vacuum pumps (which evacuate the laser chamber) as
chlorine is a corrosive gas and affects the life of vacuum
system. The unutilized chlorine was therefore trapped and
neutralized by standard norms. In our system, we have
developed a liquid nitrogen based trap for trapping the
unutilized chlorine which is neutralized afier experiments.

4. CONCLUSIONS

An on-line optical absorption based chlorine utilization
diagnostics system has been developed for real time
monitoring of chlorine utilization. The developed
diagnostic system has been successfully incorporated with
the COIL system and is being routinely used for COIL
parametric studies.
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ract: A 101,4.: p::'a:/:r;rf and low-volf‘age Super-regenerative
iver operating ¢ 60 GH_z and implemented in 180-pm,
reM0S technology 3 described. The receiver includes q
o 10ISe amplifier, a super-regenerative oscillator, an
o detector. The receiver uses the simplicity and
wer  elficiency architecture  for short-range
munication. The power consumption of super-

,.egenerative receiver is 2.194-mW at supply voltage of | V.

Kewords: CMOS, Low noise amplifier, Super-
regenerative Oscillator, Low power, ON.OFF Super
modulation, CADENCE Virtuoso.

;, INTRODUCTION

gnvel ape

Super.regenerativc r-eceivers (SRR) have been used for
many decades, after invented by Edwin Armstrong in 1922
1] This type of receiver holds the edge in high gain,
simplicity, low cost, low power consumption and small
size area. Hence, the SRR architecture has more attractive
to short-distance micro-power communications, comparing
to classical solutions, such as the super-heterodyne, the low
intermediate or direct conversion receivers.

The unlicensed 60 GHz millimeter-wave band has the
potential for short-range applications such as the wireless
data transfer between hard disks, storage devices, MP3
players and high definition video receivers. In this paper,
we demonstrated a high data rate ON-OFF keying (00K)
modulation super-regenerative receiver at 60 GHz using
the 180-nm CMOS technology. The 180-nm low power
CMOS provides 1P9M process and exhibits a unit current
gain frequency of (2) 150 GHz and a maximum oscillator
frequency (f....) of 150 GHz. The approach is based on
the basic SRR configuration while using a half power
reduction oscillator as the SRO [5]. This current-reuse LC-
VCO was used to get low phase noise and low power
tonsumption. The proposed receiver was 2 realistic
configuration ~ for  short-distance ~ communication
pplications,

Figwre 1 depicts the typical block diagram of super-
"enerative  receiver  including ~ super-regencrative
%cillator (SRO) and Low noise amplifier (LNA) [2)-4)

Volume, N

ﬁs??: n and Implemenfation of
Super—Regenerative

26
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Low Power CMOS
Receiver

Th? core of the diagram is the super-regenerative oscillator
which is controlled by a low frequency quench oscillator.
The quench oscillator is controlling the loop gain of the
SRO and then making the closed-loop system alternatively
stable and unstable. Therefore, the SRO periodically starts
up and shuts off which is called “quenching”. The primary
funs:tlon of LNA is reduced the RF leakage of the
oscillation signal and provided an input matching network
to the antenna. In normal operation, incoming RF signal is
amplified by the LNA, and then directly injected onto the
f)scillatory nodes of the SRO. The presence of LNA can
improve overall system performance in terms of noise.

2. BASIC THEORY OF SUPER-
REGENERATION

Super-regeneration is best understood by studying the
parallel resonant tank which forms the core of a resonant
oscillator, as shown if Fig. 2. The resonant tank consist of
an inductor L, a capacitor C, and a shunt conductance G_ -
G_. Here G_ represents the parasitic loss of the resonant
circuit while -G_ represents the negative conductance
provided by active devices. The active devices compensate
for loss in the tank, and the overall conductance G = G -
G_ can be either positive or negative depending on the
energy supplied by the active devices. An injected input
signal is modelled by a sinusoidal current source ~sin Wil

Summing the currents in Fig. 2, we have

— dt = A sinlwe) . )

e P
CE4GV+= [V
Solving for ¥, the complete solution of the voltage across
the tank can be written as

V = e~ S (K e/t + Ko™ 20+ —== - (2)
Where the damping factor,®= G/2C, is directly
proportional to the conductance G and the damping

frequency,




~ . . .
first term 10 (2) Is a transient oscilla
the damping factor
e and does not depend on t
rcSPgsiti:,e, the active device do

is ggy 1o compensate for all the lo
en€

tion at fye
_ quen
representmg the fr‘::z

he injecteqd signal. [f G
€S not provide enough

S$ in the tank s

. M 0

o scillation dies out and only for secopq tennth\:i:hﬁ
] 1C

ts the forced response to the inj i
epresent . . Yected sigp
reglains- On the other hand, if G i negative, the aﬁtia],
revice provides more energy than is dissipated ip Ke

ircuit, building up a free oscillatiop met e
an

resonant c1
1S termed Super-

Wi

il voltage. This special case
. egengration.

., order 10 detect -tl'le injeqted signal, we
conductance G positive, letting the free oscj
and then chargs tpe. _conductance G fro
negative: Thus, ihe initial vo]t:age, at the m
otal conductancs turns negative, is solel
the forced response (i.e., the second term
1.oportional te the st.rength of the injected
free oscillation begins from an initial voltage and itg
amplitude tends to grow towards_ infinity, this is a very
offective way to achle\_/e :amphﬁcation. Once a free
oscillation starts, _thf: osc111:at10r1 amplitude tends to grow
regardless of the injected s.1gna1, and therefore to amplify
and detect any subsequent input samples, it is necessary to
reset any oscillation by‘ periodically alternating the tota]
conductance from n'egatlve_ Fo positive. Since an LC tank
always has a certain positive conductance due to loss

(ie.,0- ), we only have to control the negative conductance

—G_ to vary the sign and value of the overall conductance,

The value of the negative conductance is controlled by the

quench signal. The rate at which we alternate the total

conductance is called the quench frequency.

From the above discussion, we can draw the following

conclusions.

1) Amplification is achieved through the reinforcement
of the free oscillation and this growth in oscillation
amplitude requires time to build up. In order to
achieve a larger gain, (represented by ¢~”" in (2)), we

either have to spend more time operating in super-

regeneration or increase by increasing the absolute
value of the negative conductance.

2) The initial voltage of the free oscillation is

proportional to the strength of the injected signal.

Thus, it is straightforward to use super-regeneration

to detect amplitude modulated (AM) signals.

3) The system does not continuously respond to the

injected signal; it only responds as the conductance

turns negative. Therefore, a super-regenerative
receiver is a sampling system that samples the

first make the
llation die out,
M positive to
oment that the
¥ determined by
Of (2)), which is
signal. Since the
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:ncoming RF signal with a sampling frequency cqual
0 the quench frequency.

One major limia

poor fr, on of the super-regencrative technique is

freunniquany sclectivity, since an injected signal at any
the freeyomffht_ca“{‘c a free oscillation. However, since
amplitude Zm lau?n In super-regeneration starts_wnh an
band-pag et(:rmmc.d _by the forced response, which has a
can igh s charactcn_shc (sccond term in (2)), the system
Withomemn-t]y provide a band-pass frequency response.

active devices, the quality factor of the resonant

tank is
ol
L=z Jiic @)
{\“ on-chip LC tank normally has a quality factor of 10 or
€SS and, therefore, offers poor frequency sclectivity.

Howe_"e;r: we can significantly improve frequency
selectivity through @ -enhancement. As shown in Fig. 3, O
-enhancement is achicved by using the negative
conductance G_ to cancel some of the positive conductance
C-, "!’h“e keeping the overall conductance G positive. The
resulting enhanced Q can be expressed as [6]

@n= or = @
In summary, we first operate the circuit as a Q-enhanced
pand-pass filter to select the band of interest. Next, we
Increase the negative conductance to achieve super-
regeneration and amplify the sclected signal. The initial
condition for super-regencration is set at the moment when
the overall conductance turns negative. Therefore, by
periodically  controlling the negative conductance,
_operating the circuit first in the Q-enhanced mode and then
in the super-regenerative mode, we detect the signal
sampled at the quench frequency.

Fig. 1: Super-regenerative receiver block diagram and
receiver circuit schematic [1].
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without Q-enhancement [3]. Fig. 5 Simulated Noise response of SRO
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RECEIVER ARCHITECTURE
A. Super-regenerative Oscillator

The proposed SRO is based on the current-reuse
differential LC oscillator which is first published in [5].
Figure 1 shows the circuit topology including an LC tank
and two transistors M3 and MS. A 0.21 nH inductance and
9 fF capacitance are used in the tank and gate width of
cross coupled pair are 180 pm and 240um, respectively.
Unlike the conventional VCO where the cross-coupled
Sy Pl £t pairs switch alternatively, the transistors M3 and MS
5 5 I = il switch on and off at the same time without common-source
.y b node. Therefore, this VCO is inherently immune to phase
noise degradation causing by second harmonic terms.
AA A A 5 Moreover, the PMOS transistor M5 in the cross-connected

Ry 1 | a8 R4 Yi¥ pair helps to reduce the phase noise due to lower flicker
- | noise and hot carrier effects [6]. Here, we used this
topology and added a current source (consists of M4 an
M2) which is modulated by the quench signal. The de bias
is 0.2 V while providing a 0.4 V peak-to-peak sinusoidal ac
signal. Since threshold voltage of M2 is 405.5 mV. the tail

Y3 (E-15)

current is directly modulated by the quench signals. The

i 750 s 10 151 damping rate of the resonator is equal to the quench

T 0 e frequency. From the simulation results, the current source

can be modulated up to 1| GHz. However, the describing

. Fig. 4 Simulated Transient response and spectral power 500 MHz data rate is a compromise between sensitivity and
; wave of SRO

low current consumption.
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'se Amplifier

y, Low Noise Amp

: - eade with source degenerated configuration is uscd in
A "‘”:M as shown in Figure 1. The LNA serves as a buffer
|hc11:,” the antenna and oscillator. The input matching
hc!wctL is uscd to convert the impedance from antenna. In
zu.mf:rw' we assumed a 50 ohms load at the input and the
;ﬁ::,,:d clement . =z provide matching for optimum

¢ figure and impedance matching. Since the LNA is
m”:lly‘cunnu“if to oscillator, the output network (L,
::S;_') is a conjupate matching of the impedance looking
into the uscill::l})r. Moreover, the c‘:iscodc configuration
resents @ high impedance to the oscillator preventing the

Joad effect of the current source. Figure 6 shows the
sed test-bench of LNA,

propo

Fig. 6 Test-bench of LNA

It describe simulated parameter which are important in
design and verification of LNA,s

Low-noise amplifier (LNA) is an electronic amplifier used
to amplify possibly very weak signals (for example,
taptured by an antenna). It is usually located very close to
the detection device to reduce losses in the feed-line. This
ac_tivc antenna  arrangement is frequently used in
rplcrf)wavc systems like GPS, because coaxial cable feed-
line is very Jossy at microwave frequencies, e.g. a loss of
10% coming from few meters of cable would cause a 10%
Cgradation of the signal-to-noise ratio (SNR).
L\n"d U\;A is a FCY component which is plqced at the front-
"VL'ra?l 2 radio receiver circuit. Per Friis' formula, the
noise figure (NF) of the receiver's front-end is

Ominate,
nnly';lalbd by the first few stages (or even the first stage

\

Using an LNA, the cffcct of noise from subscquent stages
of the receive chain is reduced by thc gain of the LNA,
while the noise of the LNA itself is injected directly into
the reccived signal. Thus, it is necessary for an LNA to
boost the desired signal power while adding as little noise
and distortion as possible, so that the retrieval of this signal
is possible in the later stages in the system. A good LNA
has a low NF (like 1dB), a large enough gain (like 20dB)
and should have large enough jntcr-modulu!ioq and
compression point (IP3 and PldB). Further criteria are
operating bandwidth, gain flatness, stability and input and
output voltage standing wave ratio (VSWR).
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Fig. 7: Simulated LNA small-signal gain
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Fig. 8: LNA noise figure simulation result
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Fig. 9: LNA small signal stability simulation result.

Table I

Performance Comparison [1]

Reference Technology Frequency | DC Power
(nm) (mW)
Tanomura CMOS 90 2.4 GHz 206
[S7asaki 8 CMOS 180 UBW 11
_Z’hgaﬁl_ CMOS 180 UWB 137
Lee[10] CMOS 90 UWB 35.8
This work CMOS 180 60 GHz 2.194
jun 12, 2012 S-Parameter Response m
9511 0820
=100 0

-150 0 28

10 20
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Fig. 11: LNA outport reflection coefficient simulation

result

3.0
freq (GH2)

Jun 12, 2012 S-Parameter Response

Es12a820

0
10 2.0

3CHz| -25792d8

30
freq (CH2)

Fig. 12: LNA Reverse power gain simulation result
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Fig. 10: LNA input port reflection coefficient simulation
result,

Fig. 13: LNA Forward power gain simulation result
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Fig. 14: LNA Voltage gain and Harmonic distortion
simulation result
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fhlg. 7 shows simulated LNA small-signal gain , there are

ee power gain are commonly used in LNA design. GT,

Tansducer power gain which is the ratio between the

POwer delivered to the load and the power available from
€ source,

(3)

31

Second one is operating power gain, Gp is the ratio
between the power delivered to the load and the power

input to the network.

15217 (6)

et

G-

r

Wy [

- J44
X3

And third one is available power gain, GA is the ratio
between the power available from the network and the

power from the source.

(M

e

oise figure simulation result which
LNA small signal stability
s LNA input and
simulation result

Fig. 8 shows the LNA n
is 7 dB at 4.7 GHz. Fig. 9 shows
simulation result, Fig.10 and 11 show
output port reflection coefficient
respectively.

4. RECEIVER SIMULATION RESULTS

The simulated setup environment is
prototype receiver showing in Figure 1.

according to the

Apr 27, 2012 Tranciest Rezpsace

/

A i

i/ ‘\'1,«[ "'.[\\f' \‘-j\-uf '\'J VA {TATAY

Fig. 16: Super-regenerative receiver output

civer is an open loop architecture,
sed for achieving higher data
rate. Figure 15 illustrated the transient responsc of the
super-regenerative receiver. The first wa\t.:form isal2
MHz input signals with a 60 GHz camry frequency. 'Thc:
SOR was operated in a critical region as a detector While
SRO detects the sequent input signals then stans (o

S

Since the proposed recet
the manual signal align is u

¢
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Mpin; | he second last is output waveform for baseband
essor. After detecting from SRO, an ideal envelope
ector ic proposed to demodulate the data to the
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|
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sier (T [Speastfuncions =l

3 [cadence]
| Fig. 17: Super-regenerative receiver DC Power
simulation result

figure 15 shows the DC Power of the super-regenerative
ver. Note that, in order to obtain a synchronous
iver providing the manual time delay (i.e 3.4 nano
geonds) in simulation is need. However, the close loop
iver architecture is a general solution for achieving
hronous [3]- [4].The core of super-regenerative
seeiver is the SRO and SRO is a sensitive and a critical
dperation circuit. Therefore, the topology selection and
peration knowledge of SRO are the key points in the
Sliper-regenerative receiver design. Table | summarizes the
main features of the receiver [1].

| CONCLSION

A%high data rate low power CMOS super-regenerative
feceiver was proposed in this paper. The simple
Afchitecture was suitable for low-cost, low power and
Short-range wireless communication. In  this work, we
demonstrated a compatible low-power performance. The
oroposed receiver architecture can be operated at higher
a rates in the simulation results. However, noise figure
fereases progressively 12 dBm due to the hangover
imitations. The current design successfully simulated an
inlicensed 60 GHz super-regenerative receiver with an
Bxcellent tradeoff between sensitivity, data rate and power
gonsumption [1]. The receiver can be further realized in the
Uture works.
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Abstract: A novel suspended rectangular microstri
antenna for symmeltrical radiation beam performance &
theoretically investigated. The conventional patch anten &
on common subsirates always produces broader E p[azg
pattern compared 1o its H plane. In the present
investigation, the same microstrip antenna is suspended
over its ground plane and may be thought of as it is on air
substrate, which shows an excellent radiation pattern with
symmetrical 3 dB beam widths at its both E and H plane
The present antenna has been compared with the
conventional structure and is presented in the paper. The
complete quantitative analysis to explore such radiation
beam characteristics for the proposed structure is also
presented in this paper. The proposed idea has been
verified through a commercial software package for X

band.

Keywords: Conventional Antenna, Suspended Rectangular
Microstrip Antenna, Symmetrical Beam widths.

1. INTRODUCTION

| The rectangular microstrip antenna is the most common
. and popular antenna for its well known striking features,
such as low profile, light weight, and compatibility with
monolithic microwave integrated circuits and thus it finds
growing number of new applications day by day [1]. This
" microstrip antenna is etched on conventional substrates
. with dielectric constant & = 2.2 to 10.2 [2]. But that
" microstrip antenna is suspended over ground plane is a
least investigated configuration in any open literature,
 though it shows some interesting features particularly in its
radiation characteristics. Rectangular microstrip normally
‘radiates linearly polarized wave with about 4-5 dBi gain.
hese patches radiate along the broadside directi'on wifh
broader E-plane pattern than H-plane [1]. As the microstrip
antenna is inherently a low gain antenna, larger gain is
always a positive requirement apd can be achie\{ed by
increasing its width-to-length ratio as is reported in [3].
But, as soon as the conventional substrate is replaced by
air, i.e the antenna becomes a suspended rectangular patch,
pain of the antenna increases satisfactorily.

Some researchers had employed different configurations
like, wedge-shaped air dielectric [4] or air cavities within
the substrate [5] for different applications. Improved gain
for microstrip antenna is always desirable but along with
this symmetrical or uniform radiation beam pattern in both
the E and H plane is also requisite to cover a wide area,
particularly for wircless communications.

This can be achieved using the proposed suspended
rectangular microstrip antenna and s presented in
comparison with the conventional structure. Onc very
recently reported article [6] shows an antenna fabricated on
dielectric strips with appreciable gain and symmetrical
beam pattern. But still it suffers from complex
manufacturing process and there is no quantitative guide
lines reported in [6] in support of their results. But here, the
feature of high gain and symmetrical bcam radiation is
obtained from simpler structure and hence this proposed
antenna do not suffers from the disadvantage of complex
manufacturing process. A concrete quantitative analysis is
presented to explain such behavior of the antenna. An easy
and handful relationship between the length of patch
antenna and its fringing length for the proposed antenna is
established following the aperture antenna concept as
reported in [7]. The theory is successfully utilized to
evaluate the causes for uniform 3 dB beam widths which is
verified using [8] and close agreement is revealed.

2. ANTENNA STRUCTURE

A rectangular microstrip antenna with length L= 11.8 mm

and width W= 17.56 mm is shown in Fig. 1 (top-view of
the patch and side view of whole antenna structure). A

dielectric substrate of thickness A =1.58 mm of relative
permittivity of & = 2.33 is sandwiched between the patch
and ground plane to develop the conventional patch
antenna. On the other hand, the copper plate (patch) of
same dimension is simply suspended over the ground planc
keeping the finite gap of A =1.575 mm between ground
plane and the copper plate (patch) for our proposed
structure. For both the cases, the dimensions of ground
plane are kept 1.6 4, X 1.6 4,.
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3. RESULTS AND DISCUSSIONS

Simulated results obtained using [8] for suspended
rectangular MICrostrip  antenna  and the same with
conventional substrate operating around X band i

presemed.

Fig. 2 shows the complete return loss profile of the
pmposed antenna which shows that the proper excitation
has been achieved by accurately choosing the feed point
The proposed antenna resonates at 10.2 GHz with an.

impedance bandwidth of nearly 6%.

The next step is to examine the radiation pattern for two
identical antennas; one with conventional PTFE substrate
and the other with suspended rectangular microstrip
antenna. Hence, the radiation patterns are compared
between the antennas separately at E and H plane as shown

in Fig. 3.

It is revealed that, 3dB beam width in E plane is quite
broader than H plane beam width for conventional antenna
while, those for proposed antenna show no changes in
beam widths between its E and H planes. Commonly
available literature shows that the beam width of any
antenna in a particular plane typically depends on its
dimension at that plane. In fact, the air below the patch
modifies the fringing lengths and widths in such a way that
the effective length and width acquire particular values

such that beam widths remain same in each plane. The case

is different when the region below the patch is filled up
with conventional dielectric material which results unequal
beam widths in different planes. It may also be noted that
along with the symmetrical radiation beam, the gain of this
present antenna is greater than conventional structure as
also evident from Fig. 3. This may be due to the loosely
bound electric fields below the patch, which contributes for
the radiation fields for the present antenna. This is expected

because the dielectric constant of the material below the

patch is smaller- e 1 compared to that (2..33) at
conventional patch. The total results are summarized in

' Table-I.

TABLE I: Gain and Beam width of Rectangular

Microstrip Antennas (conventional and proposed one)

Parameters as in Fig. 2

Antenna Peak Gain I 3 dB Beam width J
configuration (dBi) (degree)
] | EPlane | HPlane |
Conventional 6.0
antenna ’ r 77 ’ 40 I
| Proposed antenna | 8.2 | 56 | 356 '

3

3

10

Conventional antenna
—>— Proposed antenna

0 1 1 1 L 1 L 1 " L
-80 -60 40 -20 0 20 40 60 80
Angle in degree

Radiation Pattern (E Plane) in dB

Fig. 2. Return loss characteristics of a suspended
rectangular patch antenna. L = 11.8 mm, #=17.56 mm,
h=1.58 mm, p = 2.6 mm; Substrate: uniform air: £= 1.

—— Proposed
antenna

10 -
Conventional
antenna

)in dB
[3,]

1

| |

Radiation Pattern (H Plane
o

| T B 1 1

_20 1 " L
-80 60 40 20 0 20 40 60 80
Angle in degree

Fig 3. Radiation pattern of present antenna operating at
10.35 GHz compared with a conventional antenna using
a PTFE (¢,=2.33) substrate operating at 7.9 GHz.

4. QUANTITATIVE ANALYSIS -

Any rectangular patch antenna radiates along its broadside

direction and its field patterns at both E and H planes are

given by [3]. This is equally valid for our proposed antenna
as this suspended rectangular microstrip antenna may be
thought of as it is on air substrate. Now if we follow the
concept developed in [7] by one of the present authors,
where the radiation from the patch has been considered as
the radiation from rectangular aperture then following
[10],[11] we may write the 3 dB E plane and H plane beam

widths as
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gpstract: Distillmjion columns are Important  yni;
! peralions in chemzca{ process plants. This paper reviews

vance control teclzmques. of modeling and simulation of
distillation -co!umﬂé‘- Th_e fum'of this paper is the advance
*onirol design of the distillation column Jor separation of
pinary mixture. Advance f:ontrol strategy is effective Jor
gstems that have large time constants and disturbances
gnd advance control strategy is fit for q system that lacks
gn accurate model. It aims at providing  simple
recommendations to assist the engineer in designing
control systems for distillation columns. The standard Ly.
configuration for level control combined with 4 Jast
temperature loop is recommended Jor most columns. The
response to change in feed composition has larger gain
than the response to change in feed flow rate. The paper
also compares the simulation results with some of other
works.

Keywords: Binary Distillation Column,
Modeling, Simulation.

. INTRODUCTION

Fundamental

A Distributed Control System (DCS) is an enabling
technology that provides a platform for further
improvement to realize greater benefits from the Unit. It
also serves to facilitate further process and operational
improvement that is otherwise limited by the
nonavailability of technology that is mature and easy to
use.

With Advanced Process Control, the DCS is able to push
the process to a higher level of productivity, and is able to
deliver bottom line improvement. Currently gaining
popularity in the process industry is Multi-V?riable Model
Predictive Control Technology. Experts unanimously agree
that APC is able to deliver sustainable measurable benefits
simply by stabilizing the plant to yield consiste'nt quality
products. The logic for this is that control strategics shou}d
be developed with an understanding of the process and its
nuances; the control system on which the APC would sit;
the need for integration with wider plant objectives, as well
as a knowledge of base layer control l.oops.. It. is a'llso
important to consistently translate economic objectives into
operating objectives. APC allows for companies to operate
its facilities with greater safety, cost effectiveness,
' reliability, and compliance with environmental factors.
When jointly used with other unit-operation optimization

KI i
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Distillation Column

Vijendra Singh?
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lCCh'nO']Ogl_CS, APC can prove to be extremely beneficial.
Opt!.mlzatlon is not a one-time event, it has to bec a
continuous effort to enhance operating performance in
cver-changing conditions. The attraction of adopting a
{nodcl based approach to controller development s
illustrated in the block diagram shown in Figure 1.

DESIRED
INVERSE PROCESS
ouT
—Pti OF process oo
PROCESS '
MODEL

Fig. 1: Ideal Model Based Control

By implementing advanced control, benefits ranging from

2% to 6% of operating costs have been quoted [Anderson,

1992].These benefits are clearly cnormous and are

achieved by reducing process variability, hence allowing

plants to be operated to their designed capacity. Advanced
control comes into play from the level of basic control

through that of process optimization. Instead of having the
operators manually adjust control units for specific
variables, advanced systems provide generalized models
that automate regulatory and constraint control as well as
process optimization. In regulatory control single loop
feedback improvements such as feed forward, cascade
control can be used to supplement PID algorithms. Time
delay compensation techniques can also be applied to
compensate for long delays permitting tighter control. At
the level of constraint control, multivariable techniques can
be used.

Advanced control technology is therefore a combination of:

e Advanced hardware (on line sensors, pneumatic or
electronic analog with digital systems, computer
hardware and digital control units)

e Advanced control algorithms at the regulatory,

constrained and optimization levels.

In order to control a distillation column, the first step is to
develop a model of the column. By modeling we can
understand the behaviour of the column, predict future
reaction and therefore devise a control structure for the
column. This paper reviews some important techniques in
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distillation column modeling and then desc

. _ ribes a m,
for a lab-scale binary continuoug distillation .

column,

The paper is orgar_lized as follows, A review of advanc
process control in part 1, modeling of continuous
distillations is presented in part II, the modeling of oy
distillation column is detailed in part III, the simulatior
results are shown in part 1V, and the conclusion and ﬁltur:
work are prescated in part V of thig paper.

2. THE DISTILLATION COLUMN

Distillation column is considered one of
unit operations in chemical engineering,
studied unit operations in termg of con
column is used to separate a mixture into
the application and removal of hegat. It consumes a huge
amount of encrgy in both heating and cooling operations
There are many types of distillation columns baged 0,;
different classifications such as: batch, continuous, binary,
multiproduct, tray, packed. In thjg Paper we focus o
continuous binary distillation columns since continuous
columns are dominant in industry and binary columns are
usually referred to as a foundation by the researchers when
they examine other types of distillation columns,

the most important
and also the most
trol. A distillation
its components by

Fig. 2. Distillation process input and output variables.

A simple two-product continuous distillation column is
shown in Fig .3 .The column has N stages on which the
vapour-liquid equilibriums occur. The feed enters the
column on the stage Ny This stage divides the column into
arectifying section and a stripping section. Near the bottom
of the column is a reboiler which provides energy to the
column. The mixture is heated to form a flow of vapour
rising up inside the column. In the stripping section, the
less volatile component is enriched while in the rectifying
section the more volatile component is enriched. The top
product is condensed by the condenser from which there is
areflux flow back to the top of the column to enhance the
purity of the product.

\\
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The difficulties in controlling distillation columns lie in

their highly nonlinear characteristics; their multiple inputs

multiple outputs (MIMO) structure and the presence of
severe disturbances during operation. The nonlinearity of
distillation columns is well known. It has been shown that
the purer the products get, the more nonlinear the system
becomes. A distillation column is also a typical example
for an MIMO system in which there are strong interactions
between the variables. The interactions occurring .between
the inputs and the outputs are difficult to identify. The
disturbances to a distillation column can come from many
sources. They can come from the feed (feed flow rate, feed
composition), from the pressure inside the column, from
the cooling water etc. These difficulties pos€ numerous
challenging control problems and also attract a large
number of researchers from different disciplines.

Condenser ~*~
S

<

L
{’ Reflux (Lr.xe) | N
Stage N (—— Top Product (D, xg)
Recufying Section
!_ _____
|
|

| Feed stage N;
Feed (F. z. q) [
|

“““ i
‘l Stnpping Sechon

|
|

—_—

Rebaoiler

L * .
Bottom Product (8 Xs)

Fig. 3: A Two-product Distillation Column

3. MODELING OF CONTINUOUS
DISTILLATION COLUMNS

Modeling of distillation columns is often classified into
three groups: fundamental modeling, empinical modeling
and hybrid modeling. In fundamental modeling, the model




<ted based on the physical pro
” consﬁ:uch as the preservation of mas
syster™ m. And depending on the levels of
ent}-‘ons we will have different mode]
a.ssuﬂ‘e ttlo rigorous models. This method of modeling hag
Gimp antage of global vahdx.ty, accuracy and it gives more
Eﬂdvte DrOCESS understanding. However, this method is
co{“pleomplex for controller design with huge amount of
ite ctatioﬂ and simplifications are often needeq. The
comP T odeling  (sometimes  called the black-box
atilizes the input and output data from the
~tion of the column to .buslcl‘ the relationship between
oper ut and the output. With this method we do not need
e lngersta“d the inner dynamics of the column, and the
t0 unutation can be reduced. But in using thig method we
Comepto carry out experiments on the real column, and the
hav jts may not be applied for other column, even the
resﬁlts from one column can be different if the column’s
:; ditions are different between the experiment and the
2 ctuil operation of the colu.mn. The hybrid modeling (or
e “grey-box’ rpodel) com!)mcs the.: fundamental modeling
- nd the empirical modeling. Thls method utilizes the
Jdvantages of the other two, b1.1t 1n order to do that we need
1 well-structured model in which we have to decide which
part of the model to use fundamental technique and which
part to use empirical data. In our project we will focus
' mainly on the fundame'ntal modeling, even though the
empirical model is dominantly used in the industry. The
'~ reason is that we want to understand the dynamics of the
'~ distillation columns, and since the black-box model “may
" ot be used to predict the behaviour of the system at other
.~ operating conditions™.

perties of the
S, energy and
accuracy of the
$ ranging from

~ The paper summarized the simplifications of the rigorous
" model since no references had been found on solving all

the equations of the rigorous model. The simplifications are
aimed to the vapour dynamics, to the energy balance and to
the liquid flow dynamics. The paper recommends not
neglecting liquid dynamics (i.e. not assuming constant
liquid holdups) due to the fact that the initial response, an

- important factor in feedback control, is largely affected by
the liquid holdups.

. Abdulla et al. have done a quite complete review on the
- recent nonlinear modeling applications in continuous
distillation column. The summary states that the empirical
- modeling has been preferred in industry because of its

simplicity compared to the fundamental model; and the
current development focuses on hybrid models, which can
exploit the advantages of both fundamental model and
empirical model; and that the neural network method is
used the most to combine with the fundamental model in
empirical modeling.In the case of fundamental modeling,
the model is often simulated to understand the column’s

dynamic behaviour. The development of distillation

—_—
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column’s simulation has been going along with the growth
of computing capacity. As of 1930s and 19405 only
8raphical methods and simple short-cut models were used
0 get insights of the steady-state behaviour of the
distillation columns. The fast-growing of computing p”‘“"ff
has allowed the use of more complex and rigorous m"f‘c‘:"
Computer programming and the numerical methods 10
solve the differential equations play an important role.

4. MODELING OF THE APC

The APC (Advanced Process Control) column is 2 Pﬂo:‘
distillation column that has 15 trays and equipped with d
DCS control system. The feed is positioned at tray 7. 'ﬂ;c
model is developed based on a model. In the model the
following assumptions are made:

1. Binary mixture,
components

the feed contains only two

The pressure inside the column is fixed by controlling
the cooling water

Constant relative volatility, a = 1.5

4. Constant molar flows

No vapour holdup, the vapour holdup on each tray is
negligible

6. Linear liquid dynamics

7. Equilibrium on all stages

Total condenser, there is no vapour holdup in the
condenser

The total material balance equation on stage i is:

d

M. =
da 1

(1)
Livl =57 Vim1 Y

where M; is the liquid holdup on tray i, L, and V, are the

liquid flow rate and vapor flow rate that come towards tray
i

The material balance for the light component on tray i is:

T (Mi )= LioXior = Li X + Vi, vy = V, v, )
dt

where x; and y; is the composition of the light component
and heavy component on tray i respectively.

At the feed stage (NF=7) we have:

d

dt ™ NF “"NF +1 - 'NF * VNF =1 - VNE * F®
and
d ®NF *NF = 'NF +1'NF +1 - 'NF *NF ' YNF =1 'NF ~(4)
dt
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;  hich Fis the feed flow rate ang
i

» ZF
of the light component in the feed.

The reboiler is 2lso an equilibrium Stage with j=].

AM=Lz-Vi~B
dr

()
S M, x. =Lpv: -V, - Bx,
E;-Ml,t_ 22 V)Y 1 6)
At the condenser we have i = NT = 6 304
! d’%MNf:VNT-l-LNT'D (7)

d "
7o Myt ¥t = VN1 Jvr -t = Ly Xp - Dxyr (8) Where B
is the bottom product flow rate and p is the distillate

product flow rate. The composition of

. the heavy
component is related to the composition of the light
component via the relative volatility formula:

¥
Jom————————
Ji 1+{ec=1)x; ®)

The liquid flow dynamics is considered due to its important

effect on the initial response of the column, The formulas
for the liquid holdup are:

Mi_nr,,

LimLet =S+ (. - 1) (10)
Mi_nt,.

Li=Lo+———2+ (17, — V)0 (11)

For i from NF+1 to NT-1.

' Where L, is the nominal reflux flow and M, is the nominal
. reboiler holdup (kmol) on stage i. These values are
- achieved after we do steady state simulation (see Table 1-).
Tis the time constant for liquid dynamics, in this model it is
chosen to be 0.063 (min), and A represents the effect 9f
Yapor flow on liquid flow. In the simulation we ignore this

effect by setting A = 0. Lg, is the nominal liquid flow below
feed, given by the formula:

Ly=L, + gy, F, (12)

i which 7 - 1(kmol/min) is the nominal feed rate, gz = 1
€ nominal fraction of liquid in the feed.

—
o
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S. SIMULATION RESULTS AND
DISCUSSION

Because the distillation process is a nonlinear one it is wise
to use a model based control structure, which can take
account of the process nonlinearities by changing the
Process mode] according to the operating point. The
Process is a nonlinear one, but represented as a reunion of
linear models one for each channel and operating point. At
€ach simulation initialization step the bottom and top
Composition, the feed flow and composition are sent from

€ Process to the control structure, in MATLAB. Here,
using these data the model parameters (time constants and
gain) are determined and loaded in controller. Using these
model parameters, the two controlled variables (reflux flow

and bottom product flow) are computed and sent at each
sampling instant to the process.

The dynamic system behaviour analysis consisted of
modifying the compositions set point, the disturbances and
the controllers tuning parameters. (figures 4 to 7)

For top composition advance controller has the following
default simulation parameters:

¢ prediction horizon — is variable, and it is calculated
using the process model time constant T1.
¢ control variable time horizon — 30 sampling times;
¢ output weight (minimum value: 0, maximum value: 1);
¢ control variable weight — 0.2 (minimum value: 0,
maximum value: 1).
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Fig. 4: Top composition trend when the controller
setpoint increases from 0.89 mol. fr. to 0.92 mol. fr.
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6. CONCLUSION AND FUTURE

DIRECTIONS

This paper presented the advan
a binary distillation column u
the top and bottom compositions of the column is a

difficult task due 1o presence of the control loop

interactions and nonlinearities. The structure allows taking

into account dynamic variations of the process and

adapting the controller parameters  to  this  various

conditions. Advance controllers achieved a accurate

performance in controiling the top and bottom
compositions and also in controlling the feed rate. top and
bottom rates. As can be seen from the presented trends, the
behaviour of the process with the control system was
studied for different values of the tuning parameters,
observing that a decreasing of the control variahle horizon
or a decreasing of the control variable weight, from the
default values, can lead to an increasing of the transient
time. Also we can observe that the process output value
reaches the set point value with the best  dynamic
performances for the default values of the tuning
parameters. The control system has a robu

ust behaviour
when a disturbance appears in the process.

ce process control design of
nder disturbance. Control of

40
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Abstract:  Worldwide Interoperability  for  Microwave
Access (WiMAX) is a Broadband  Wireless  Access
technology based on 1EEE 802,16 standard which utilize
orthogonal frequency division multiple access (OFDMA)
as s mudtiple access technique. OFDMA gives flexibility
in resources allocation to accommodate maximum possible
users supporting several services classes with quality of
service (JoS). One of the most key performance fuctors of
OFDMA resource allocation is downlink data mapping
mechanism where the data is allocated to the users in
rectangular regions, called burst. This paper proposes
Adaptive Column Strip  Burst Mapping Algorithm  for
IEEES02.16 WiMAX. The proposed algorithm is compared
with  eOCSA  (enhanced One Column  Striping  with
nonincreasing Area first mapping) algorithm and the result
shows the proposed algorithm achieve higher efficiency.

Keywords: component; formatting; WiMAX; OFDMA;
Burst Mapping.

1. INTRODUCTION

WiMAX is a wircless broadband solution that offers a rich
set of features " with a lot of flexibility in terms of
deployment options and potential service offerings [1].
IEEE802.16d, IEEE802.16¢ and IEEE802.16m arc
standards for Wircless Mectropolitan  Arca  Network
(WMAN) [2, 3, 4]. In parallel, the WiMAX forum rcleases
several technical specification profiles [5]. WiMAX _is one
of the most promising technologics for hroudban(_i wireless
access solution, as well as a 4G candidate. The important
futures of WiMAX arc scalable OFDMA, multiglc input
multiple output (MIMO) antcnna, bcam forming .and
adaptive modulation and coding (AMC), support time
division duplexing (TDD) anf:l frequency d.mswz
duplexing (FDD), space time coding, strong sceurity an

multiple QoS classcs [6].

The frame structurc in TDD WiMAX is d1v1dcdf ’mto
downlink sub frame followed by.anq_uxﬂmk [gubthrrdmf
Scparated by a small gap as shown in Figure.1. | d{j :i e
downlink sub frame and uplink sup frame aru1lel = . in
Symbols in time domain and Oﬂ'hﬂg(’"al Wbca:;cinto
frequency domain. The sub carricrs arc gtoypt mode
ogical subchannel using distributed permutation

\

such a4 partial use of subcarricrs (PUSC) and full usc'uf
subcarricrs (FUSC) or adjacent permutation mode like
adaptive modulation and coding (AMC). The subchanncls
arce modulated  with scveral  modulation  schemes
adaptively based on SNR Quality to improve overall
channel cfficiency. In a frame, minimum data allocation
unit is a slot which consists of one subchanncl over once or
more symbol based on used permutation mode. DL-MAP
& UL-MAP messages are used by BS to control access to
the air frame, These messages contain the informational
clements (1Es) that specify the burst profile.
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Fig. 1: OFDMA TDD frame structure

In. WiMAX' system, base station (BS) controls the
allocation of the resources in both uplink and downlink
dircction. The downlink resource allocation involves three
main steps. First step is Call admission control where the
BS decides whether to accept or reject new connections
based on the available resource and QoS rcquircmcmw‘
Second step is scheduling where the scheduler select Lm;;
packet to be sent in the current frame for each subscriber
station (SS) from the queued traffic flows. It also decides
size of the selected data packets in slots based on the
available slots and quality of services without anv shape
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constrain. Third step is mapping or allocating the selected
data p'c'xck.ets (known as “burst”) into downlink subframe
and .thlS 18 main focus of this paper. Since, the standard
spemﬁ_es that mapping data burst has to be in rectangular
form into downlink sub frame. This constrain make the
mapping as two-dimensional rectangle mapping problem.
Shaping the selected data bursts in rectangles may require
allocation of extra slots and fit those rectangles into big
rectangle may leave some unutilized slots. Thus these
unutilized slots affect the efficiency of mapping algorithm
and WiMAX system performance. Also there are many
consideration with two-dimensional rectangle burst
mapping problem like: (i) minimize the number of burst
time symbols to reduce SS active time and power
consummation such as the work proposed in [7], (ii)
minimize the number of burst subchannels to efficiently
utilize the subchannel such as the work proposed in [8, 9]
and (iii) reduce number of bursts to reduce DL-MAP
overhead size such as the work proposed in [10].

The two-dimensional rectangle burst mapping problem is
considered to be NP-complete problem [11]. The
complexity of the solution grows exponentially with the
number of objects [14]. Recently many heuristic algorithms
have been proposed to solve this problem and we will
discuss some of proposed algorithms which are more
related to our work in related work section.

Most of the proposed mapping algorithms are non
sequential where the scheduler select all the bqrsts to be
packed in the current frame. Then mapping algorithm starts
packing of those bursts. Also the first step ‘of packing
algorithm is sorting. This gives us inform?.tlon like, number
of bursts to be packed, maximum I:.)urs?t size, s¥nallest burst
size and average burst size. This information may be
utilized to increase Mapping efficiency. -In this paper, we
propose Adaptive Column Strips mapping al;fic;r'lt'hm for
downlink IEEE802.16 WiMAX networks. In .ath m(gl(,:gvAe
compare efficiency of our algomhm'thr:l hasehi b
algorithm. The result shows our algori g

packing efficiency.
discussed elsewhere.

2. RELATED WORK

orithms are¢ Propo
jonal burst m'appmg _
tion W€ briefly dxs otic, G
d on column striping. Ohse .

. st reparesabucket
rithm that fir psub channel to

sed to address
for [EEE802.16

Recently several alg
cus some of

problem of two dimens
WiMAX. In this s€¢
proposed algorithms base
al. In [12] propose an 212

re than O MCS in
' t with mo th the same !
22 otr:rﬁ ttuc;“:a Si!':)om Jifferent S58 wgﬂlolumn od it the
nstruct aa on ;
s as

hich
combined columns. It SStif; flling another column wil

bucke[s grow it expan

To best of our Knowledge this is not

One Column Striping with non-increasing Arca first
mapping (OCSA) proposed by So-In ct. al. In [13] and it’s
enhancement in [14]. The algorithm can be described in
three main steps. First step sort the bursts in decreasing
order. Second step vertically allocate the large burst with
minimum width and maximum height in one column. Third
step allocate the left space in the allocated column
horizontally. The algorithm minimizes the bursts time
symbols which reduce SS active time. But when most
bursts sizes are large the left space in third step cannot
allocate to any burst this increases the unused space and
degrade the algorithm efficiency. For example allocating
set of bursts (96, 66, 42, 42, 40, 37, 32, and 5) using
eOCSA will result more unused slot. Also the algorithm
unable to allocate theses bursts (40 37 32) and the
efficiency degrade to 69.72%.

Orientation-Based Burst Packing (OBBP) algorithm
present by Eshanta et. al. In [15]. The algorithm is based on
burst factorization and pre-arranging them using matrices.
This simplifies finding optimal column or rows to
minimize the unused slot and avoids padding. The
algorithm shows good efficiency at heavy load. When the
number of bursts is large and small in size the algorithm
required more computation time for factorization and select
optimal column. Where similar efficiency can achieved
with less computation time using simple best fit without
any factorization.

3. ADAPTIVE COLUNM STRIP MAPPING
ALGORITHM

Columns strip mapping simplify the two dimension
packing problem. The algorithm strips the two dimension
area into columns then packs the burst in columns. In this
way it is easy for the algorithm to deal with the lefiover
empty space in the columns and determine the next burst
can be packed to minimize the leftover space. There are
two main steps in designing of Column striping packing
algorithm. The first step is selecting column strip width and
the second step is selecting which burst and its dimensions
to be packed first in the column.

In our design we consider PUSC with 10 MHz channel and
According to WiMAX forum specification the dimensions
of downlink frame data are rectangle in size (12 svmbols
width (W) x 30 subchannel high(sch) ) with total area is
360 slots. The number and the sizes of the bursts to he
packed in one frame depends on many fa

factors like, either
the burst contain the data for single user or it group the
data for different users .Scheduling mechanism ._n::i- the
allowed burst size. In our case, \\,c‘asmmc that minimum
burst size is 2 and maximum is 150 slots and the number of
burst is vary from 5 to 40 bursts with constrain total data

size is 360 slots.

may not be fully utilized: -



\C x1ET 1jCE

KIET International Journal of Communications & El
Volume. No. 1, Issue No. 1, Jan = Feb 2003, 156N

ectronics
220 - KOYG

- A. Selecting column strip width

The rectangle data width is 12 symbols so that the possible
stripping columns width are combinations sum of number
- 12 like, (10,2), (6,4,2), (5,4,3), (4,3,3,2), (3,3,2,2,1,1) and
- .(LLLLLLLL L, L,1,1). We  observe  from  packing
algorithms proposed in [13, 14, 15] that when the bursts
. packed into DL-subframe, as the sizes of bursts become
~ large i.c. it’s number is small then the width of strip
column becomes large. But when the sizes of bursts
. become small i.e. its number is large then the width of strip
column becomes small. This gives indication that there is a
. relation between the number of bursts and the width of strip
- column. To select the width combination that gives higher
. packing efficiency based on the number of bursts to be
. packed, many simulation test for packing different bursts
- number and sizes with different strip width using the
- proposed algorithin have been conducted. The simulation
- result shows that one combination gives higher packing

efficiency within specific bursts number range. Table (I)
- and figure (2) illustrated the mapping efficiency using
- some strips width combinations which gives higher
-mapping efficiency within some range. The algorithm will
'~ adaptively select these combination based on number of
. bursts to increase the overall packing efficiency.

Table .I Mapping efficiency using some strips width
¢ combinations

; Best burst Maxi
| No | Width Combination number ax1_mum
f efficiency
‘ range
[1]643) (5 tol2) 95%
[ 2 |@332 (12t018) | 95.72%
[ 3 ] B32211 (18t024) | 96.6%
4| @2221,1,1,) (24 to 30) 97.7%
5 | a,1LL1111,LL1 | (30t040) 100%
i ——] 2 3 4 —e—5

EfMiciency

A. Selecting the burst and its dimensions to be
packed

After selecting the strips width (W1, Ww2... Wn) Ichv(l (m

the number of bursts. The steps of packing burst as

follows:

Stepl
Sorting the bursts in decreasing order (B1, B2,.....BY)
Step2

Divide all bursts by (W1) and return hi. as [hl.‘/W;nUl
(B1/W1), h2 = int+ (B2/W1),...... am'l h|‘-|.m+(lh o )' ]
Select Oh such that [(h1+ (Oh)) - sch] |-~:-mm1mum.1 ; Tuci
Oh (Optimal height) is summation any of (h2, h3,...hi) .;nst
(int+) is closes higher integer . Assume that Oh = (h3+h5)
then the bursts that correspond to sclected height are (B1,
B3, BS).

Step3

Allocate the sclected bursts in current column as [(B1—
(W1xhl)), (B3— (W1xh3)), (B5— (W1xh5))

Step4

For remaining bursts (B2, B4, Bi) repeat step 2 wiFh
divider factor W2. And same steps for the remaining till
last Wn or no data burst.

The algorithm select optimal bursts height to minimize the
left space also we can minimize both the left space and the
extra slot where the extra allocated slots ei = (Wnxhi - Bi)
but the complexity may increase. Fig 3 describe Adaptive
Column Strip mapping algorithm steps

If#burst = X then select (w1, w2 ,wn)  //stepl
Sort burst =(B1,B2,.....Bi) /Istep2
FOR W= wl, w2, wn /I step3

Divide each burst in sorted list by W and return hi= int
Bi/W

Select[ (hi+any of (h2,h3..hi)) — sch] is minimum
Allocate the selected bursts as

85 (Bl— (wxhl), B3— I( wxh3) ... Bj— ( wxhj)
| Remove the allocated burst from sorted list
0 END FOR
7 END
2 Number of Burst ]
o3 0 B W » S0 9 W Fig 3: Adaptive Column Strips mapping algorithm
Fig . 2:Mapping efficiency using some strips width steps
combinations
\ — —
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A. Numerical exampe

[ A

In this section, we provide zn example that helps explzin
our algorithm. Once again, the DL subframe is assumed 10
be 12x3(0 resulting in 360 slots. The sex of bursts 10 be
ACKe 63, 14, 50, 70, 34, 3 slots) total data
$1z¢ 15 360. The number of bursts are ¥ the algorithm will

select strips width (5,4,3) as in table (I). The packing steps
are:-

3 H

=
=
==
=
=
&
=
=
o

Stepl

Sorting the bursts in decreasing order as (%4, 70, 63, 50, 42
34,14, 3) T

Step2

®)

Divide bursts b y (WI=5) as below

ig. 4. i i he
[BUw | ga/ 0/ Fig. 4.: Example of burst mapping using (?) t
1 - 5= ;’= gi/ ;2/ ;%/ ?54 14/ | 3/5 proposed algorithm and (b) e¢OCSA algorithm.
{16 114 |19 |3, - D
| Intf fﬁ 7 114 113 T10 ;A :]6 3 ‘1]1‘6‘— The final results obtained from this example are: - total left
ei |2 0|2 0 3 1 11 5 space = (0~0-3)=3 total exira slots = (
2+1+242+1+1-2)=11 -packing efficiency =360-

Select Oh such that [(h1+ (Oh)) —
h1=17, Sch=30 then Oh

(3+11)360 = 96.111 and the burst (14 ) is failed w0

SERY s
] is minimum where allocate . Figure 4 illustrates Example of burst mapping

= 13 the corresponding bursts are

(84, 63) and its dimensi
left space and 3 extra allocated slots

on are (5x]

7), (5x13) without any

Step3

Repeat step2 with remaining burst (70, 50, 42, 34, 14, 3)
using w2=4

Bi/w | 70/4= | 50/4= | 42/4= 34/4= | 14/4= | 3/4=
2 17.5 12.5 10.5 8.5 3.5 0.75
Int+( | 18 13 11 9 4 1

hi)

ei 2 2 2 2 2 1

using (2) Adaptive Column Strip mapping algorithm and
(b) eOCSA algorithm_

4. PERFORMANCE EVALUATION

In this section, we compare the performance of the
proposed algorithms with cOCSA TABLE-Il shows the
paramcters used in the simulation are as per suggestons of
WIMAX forum. The data bursts sizes are generated
randomly with the constraint that sum of all bursts is
(12x30=360) slots. The number of bursts is chosen from 3
to 40.

In this step hl= 18, Oh = (1 1+1) then the corresponding
burst are (70, 42, 3) and its dimension are (4x18, 4x11,
4x1) no unused slot and extra slot is S

Stepd
Repeat step2 with remaining burst (50, 34, 14) using W3=
3

50/3=16.6 | 34/3=11.3 | 14/3=4.6
17 12 5
1 2 1

In this step h1=17, Oh = (12) then the corresponding burst
¢ (50, 34) and its dimension are (3x17, 3x12,) left space
=3 slots and extra slot is 3,

TABLE IL :System Simulation Parameters

Parameter Value IR
Frame length Sms
Channel BW 10 MHz

Permutation scheme PUSC :
Number of subchannels 30 ]

3 1 v deverars
12 slot Cotumns

DL subframe
Total number of slots per DL |

*™HN > ] -
30x12 slots

| 500 frames

Simulation tme

Figure. 3 illustrate the average unused slots per DL
subframe and the result shows that the average of unused
slots for the proposed algorithms is smaller than that for
eOCSA. That 1s because eOCSA left more unused space
that cannot accommodate any burst.

\
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Figure. 4 illustrates the average extra allocated slots per DL

. frame and the result shows that the average extra allocated
- slots are higher in our algorithm because of height

approximation. But our algorithm has total wastage slots
smaller than eOCSA.

. Figure. 5 illustrate the average packing efficiency and the
. result shows that the proposed algorithms achieve higher

alg()mh

- efficiency than eQCSA.
£ o
@ | %5
4 N S
15 , Y N N
10| ’ bt
5 | \ - _ ~ 2 ﬁ'_ — s
Y ~e DT
0 5 10 15 20 25 30 mm:besrsot mﬁ:ﬂ
Fig.. 3: average unused slots
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Fig.4: average extra allocated slots
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Fig.5: average packing efficiency
5. CONCLUSION
This

Paper presented adaptive downlink burst allocation
™ for [EEE 802.16c Mobile WiMAX networks.

The proposed algorithm meets the rectangle shape
allocation constraint and achieves high throughput by
considering mapping for the la:ger_ burst‘ ﬁrst. 'The
algorithm based on column strips apd its basic idea is to
select the strip columns width adaptively based on number
and sizes of the bursts to be packed. Then select the bursts

that minimize the left space

in the column. The

performance of the proposed algorithm is compared with

eOCSA. Simulation results show that

the proposed

algorithm can achieve higher packing efficiency.
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Microstrip Antenna for Dual Band
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L 3 Lonorastep
Abstract: In this paper, dual operation trapezoidal paich M.S enal [R] demonsiraten i voctangular patel N 1“|'
antenna with Veslots  and - vama notehey

with V-shaped slot feed by coaxial-probe ix presented. The . hat onalilos an
proposed antenna is designed on RT duroid subsiraie. A TERERO L EAATTEREAN? npp!u ations thin un. .
(10db) bandwidth of return loss (S11) characteristios for Vopesh thomia et al-|
the dual band is 4% and 15.6% respectively. E-planes amd wleronteip antennn
H-planes  for the dual  operation  fiequenciex  are v A dual slot-loaded
satisfactory within the bandwidih. Return loss, VSWR, gain
and E-planes and H-planey radiation pattern are yimulated
by using IE3D simulator.

fmpedance handwidih of 517
applicd Veshape slot on tangulas
having tmpedanee bandwidih o 2.2
microstep antenna with dual- frequency operation han been
repotted fn [ 1O] and [ 1T where (wo paratlel narrow sloty
are elehed fn the rectangular patel close to it radiation
edge. The two slots are chosen to be close to the length ol

Keywords: V-shape slot, RT duroid, Dual band, WLAN, the radiating edge. Other dual-frequency antennas with
squate-stot and rectangulacslot fonding we reported i [ 12]

WiMAX.
\ - and [ 130 A compact daal-frequency niacrostep antenni s
1. INTRODUCTION : ‘
proposed in [ 14], which uses the rectanpular microstrip
Wircless local arca networks (WLAN) are widely used pateh loaded with one shorting pin. Some experimental
worldwide. The §02.11a standard uses the 5-Gllz band results are also presented in [14].
which is cleaner to support high-speed WLAN. However, . .

. . . q » (4 ¥ » o { . i / .
the segment of frequency band used varies from one region In this paper, we design a trapezoidal pateh with Veshaped
of the world to another. Dual frequency microstrip antenna which works as o dual frequency. First resonance
antennas with a single feed are required in various radar In‘quclj.cy I{l t'vulcml at 3A (-!l: frequency is due to ity

patch itselll Second resonant frequency 12 i due 1oV

and communication systems, such as global positioning

system (GPS), WIMAX,WLAN clc.

shape slot, which s centered at 5.0 Gz,

Microstrip antenna is the ideal choice for such an 2. ANTENNA STRUCTURE

application duc to low profile, light weight, conformal .
shaping, low cost ,simplicity of manufacturing and casy
integration to circuit[1].however, conventional microstrip
patch antenna suffers from very narrow  bandwidth,
typically about 5% bandwidth with respeet to the central
frequency. there are numerous and well-known method to
increase the bandwidth of antennas, including increase of
the substrate thickness, the use of a low dicleetric substrate,
- the usc of multiple resonators,and the use of slot antenna
- Beomctry[2],(3].

Sudhir et.al[4] applicd a H-shaped slot in a rectangular
microstrip antenna to make its broadband structure while
Improved bandwidth up to 9.5 % .Wong & Hsu[5] applied Fie.l: Ge )
a U-shaped slot in an cquilateral triangular microstrip kli (seometry of proposed antenna
antenna with improved bandwidth up to 8.67% was The conli - ;
- reeently reported for a circular patch antenna having u- lsin‘m‘hgumum\ of propused antenna ix shown in figure
- Slol[6]. S.W Lee et al. proposed the trapezoidal shape patch l:. ]“u; tmtcnnu st Of & trapezoidal microstrip patch
 Antenna embedded with rectangular (7). o -slm.pml oL Seh L IO Y pmilridad

of thickness h and diclectric constant « . The trapezoidal

— patch has an upper side of length L1, base of trapezoidal
: e o e c———— ' npPeLon

tlll”jl'-‘H 1 sheet
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patch ol length L2 and height of trapezoidal patch of length
W1, W2, V-shape slot has a length of L3, L4 and a width
of 'W3, W4 which is loaded on trapezoidal patch. The feed
point is located at the central line of the patch, with a
distance of d ¢ (x.y) from the bottom edge of trapezoidal
patch.The dimension of trapezoidal patch with V-shape slot
arc tabulated in table 1.

Table 1. Dimension of proposed antenna

l Sano Parameicr Explanation Value(mm)
l 1. L1 Upper side of | 30
trapezoidal patch
2. L2 Base of the | 26
trapezoidal patch
3. W1, W2 Height of the | 21.04
I trapezoidal patch
4 1.3,L.4 Length of the 0.5
I V- shape slot
5 W3,W4 Width of the 15
o — V-shape slot
6. £ Dielectric constant 2.2
7 h Height of diclectric | 6
constant
tand Loss tangent 0.0018
9 x,y) Position of probe feed | (13,8)

Based on a -10 dB return loss, 4% impedance bandwidth is
obtained at first resonant frequencies fl in the frequency
range (3.41-3.57) GHz and 15.6 % impedance bandwidth is
obtained at second resonance frequencies in the frequency
range of 4.75-5.53 GHz.

B.

VSWR

Figure 3. Shows the variation of VSWR with frequency for

proposed antenna. It

shown that the VSWR occur at first

resonant frequency is 1.66 and second resonant frequency

is

between probe-fed microstrip transmission

1.07. This depict that there is good impedance matching
linc and the

trapezoidal radiating element.

-—W dB[S{1.1)]

3. RESULTS AND DISCUSSION

In this section, the simulated results of various parameters
like VSWR, Return loss, input impedance and radiation
characteristics of proposed antenna are presented and
discussed. The simulated results are obtained using IE3D

Simulator.

A. Returh loss

The simulated result for the return loss less than -10dB is
shown in figure 2. From simulated result we get dual band.

— [ aB[S(1.1]
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Fig. 2: Return loss
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C. Input impedance

The simulated result for the antenna input impedance is
plotted in figure 4. Itis shown that the real part of the input
impedance at first resonant frequency fl .oscxllates m?und
74.83Q with frequency while the imaginary part of the
input impedance at resonant frequency oscillates around

0Q with frequency.

t frequency 2, the real part of the input
frequency oscillates around ;mz
of the wnput
ound 002 with

15

At second resonan
i - nant
impedance at resomw uency oscillate
with frequency while the imaginary par
impedance at resonant frequency oscillates ar B
1 S ~| o> 10 i‘
frequency. Hence from the graph 1t 18 clear that the
i ; .onant frequencies
oqpcr matching occur at both resonant frequencit
pr g

e
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D. Radiation pattern

From figure 5. Shows the measured radiation pattern at first
resonant frequency 3.5 GHz. it can be observed that in the
¢=0 plane, the cross polarization is -13 db below the co
polarization above the ground plane. In the $=90 plane, the
cross polarization is -19.3 dB below the co polarization

level.
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Fig. 5: Radiation pattern at 3.5 GHz
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Fig. 6: Radiation pattern 2t 5 GHz

From figure 6. Shows the measured radiztion pattern at
second resonant frequency 5 GHz. it can be observed that
in the $=0 plane, the cross polarization is -25.03 db below
the co polarization above the ground plzne. In the $=90
plane, the cross polarization is -20 dB below the co
polarization level.

E. Gain

ntenna is shown in figure 7 whi cb
g¢1ﬂ at Q—S’ reSOnar
fwnw sncv han c

CUUCTCY Gah

The gain of proposed ar
shows that the maximum achievable
frequency is about5.90 dBi over the entire
of 3.41-357 GHz and 4.14 dBi maximum gains is achieved

at second resonant frequency and the gain show stable
performance.
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The simulated results are summarised in table 2.

Table 2. Simulated data

Resonant
frequency i F2
Centre
frequency 3.5 GHz 5 GHz
|  bandwidth 4.95 15.6%
Frequency
/ range (3.41-3.57)GHz (4.75-5.53)GHz
{ Return loss -12.8 dB -29.37 dB
VSWR 1.66 1.07
Gain 5.9 dBi 4.14 dBi

4, CORCLUSION

The dual frequency and wide-band operation of a
trapezoidal patch with V-shaped slot have been studies and
simulated. The proposed antenna is compact, occupies
small volume and has simple structure compared to other
antenna design. The antenna offer a 2:1 VSWR bandwidth
of 4% from frequency range (3.41-3.57)GHz at first
resonant frequency which cover 3.5 GHz band WiMAX
applications. second resonant frequency cover the
WLAN(5.15-5.35) band application with impedance
bandwidth Of 15.6%.the simulated return loss, VSWR,
radiation pattern and gain showed well performance.
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