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Design of Triangular Microstrip Patch with
Covered and Space Dielectric

Nivedita Kumar

Abstract — This paper presents the effect on resonant
frequency (fr) of equilateral triangular patch due to cover and
space dielectric. It is observed that as the superstrate dielectric
constant and its thickness increases, the resonant frequency
decreases. For space dielectric, as the air gap between patch
and space dielectric increases the resonant frequency increases
with incremental change in fr < 0.4%. For large air gap,
resonant frequency tends towards the simple microstrip
antenna fr. The accuracy in fr of present and calculated from
both FDTD and IE3D is ≤ 1%. The effects on co and cross
polarization with respect to dielectric constant have also been
calculated. The proposed design is very useful to design the
equilateral triangular patch with wide bandwidth, high gain, to
estimate the environmental effect on resonant frequency.

Index Terms — Resonant Frequency, Equilateral
triangular microstrip patch, Substrate and Superstrate.

I. INTRODUCTION
The microstrip antennas are widely used in microwave and
millimeter wave applications starting from satellite to
mobile hand sets due to its low profile, light weight, easily
manufacturability and various other advantages [1-3].
However, the majority of the research in open literature
reported in this area has been concentrated on the
rectangular and circular patch antennas [4-9]. Present author
has reported the effect on resonant frequency of Rectangular
and circular patch in multilayer structure environment [10-
11]. It is understood that equilateral triangular patch has
radiation properties similar to that of the rectangular and
circular patch. But equilateral triangular patch is physically
smaller in comparison to rectangular and circular patch.
This property of equilateral triangular patch is advantageous
for being etched on curve surfaces and also for designing a
compact array. Hassani et. al. [12] and Manotosh Biswas
et.al [13] have reported the equilateral triangular patch with
and without cover. As such no CAD model is available for
equilateral triangular for with and without cover and to
incorporate the effect of space dielectric and air – gap
thickness on resonant frequency.

Department of Electronics and Telecommunication Engg., Dnyanganga
College of Engineering & Research, S.No. 39, Narhe, Pune- 11041,
Email:kumar.nivedita11@gmail.com

In this paper, we proposes an simple design expression for
equi-triangular microstrip patch in multilayered environment.
This simple design expression can also estimates the effect on
fr due to intentional or unintentional air-gap with respect to
their thickness. This design will be very useful for the design
engineer. The calculated resonant frequencies have been
compared with the measured results available and a good
agreement is revealed.

II. DESIGN EXPRESSIONS
The multilayered microstrip structure is shown in Figure 1a.
A simple more general expression for calculating resonant
frequencies of TMnm mode for equilateral triangular
microstrip patch with and with air gaps, with and without
superstrates can be written as

= ℰ ( + + ) /
(1)

Where c is free space velocity and εreff – effective dielectric
constant of multilayered equilateral triangular patch. The Seff

effective side of equilateral triangular patch in presence of
multilayered dielectric is given ;

=  ( 2π/3 ) a ( 1 + ) (2)

Where g is the parameter determine the fringing field effect.
One or more dielectric layers above a microstrip patch cause
the change in the fringing fields between the patch and the
ground plane and that effect is accounted by the effective
dielectric constant ℰeff (0). The general formulations for a
circular patch [11] can be extended to calculate ℰeff (0) of
multilayered equilateral triangular patch (Fig. 1) by using
the formulation

a = ( 3/2π) s (3)
where s is side length of equilateral triangular patch.

Equation (2) is derived from an equivalence relation
between a circular patch (radius = a) and a triangular patch
with side length s. Equal circumference was considered as
the basis of equivalence to account for equal static fringing
fields. The effective dielectric constant ℰeff (0) of
multilayered equilateral triangular microstrip patch can be
calculated by following expressionℰeff(0) = ℰr2 q1 + ℰr2 ( 1-q1 )2 x [ ℰ2

r3 q2 q3 + ℰr3ℰr4 ( q2 q4
+( q3+ q4 )2 ] x [ℰ2

r3 q2 q3 q4 + ℰr2 ([ℰr3 q3 +ℰr4q4)(1-q1-
q4)2+ℰr3ℰr4q4(q2q4+(q3+q4)2)]-1 (4)
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This expression for effective permittivity can be used to
calculate the resonant frequency of multilayered equilateral
triangular microstrip patch i.e. spaced dielectric ETMP for
intentional or unintentional air-gap. The filling fractions q1,
q2, q3, q4  are given in [11]. The multilayer microstrip
structure is shown in Fig. 1a can be made equivalent to
single layer microstrip structure shown in Fig. 1b by using
single layer reduction technique applied by [13,14]. In this,
effective dielectric constant ℰeff(0) calculated by equation
(4) of multilayered microstrip structure will be equivalent to
effective dielectric constant of single layer microstrip
structure with equivalent relative permittivity ℰr of single
layer structure and radius of patch which provides width of
the patch calculated from the side length of ETMP, which is
replaced by effective width and substrate height h1 = h11 +
h12 and h2 = h3 + h4

III. RESULTS AND DISCUSSION

A. Equilateral Triangular Microstrip Patch Antenna Fig. 1
shows equilateral triangular microstrip patch in multilayer
media along with its equivalent single microstrip equilateral
triangular patch. This is achieved using the single layer
reduction technique [14]. Simple equilateral microstrip
antenna can be made by substituting ℰr11 = ℰr3 =ℰr4 = 1 ,
h11=0 h3=0 h4 =0 .Table 1, compares the effect on fr due to
various values of side length of equilateral triangular patch.
As side length s increases the fr decreases. The experimental
resonant frequency is in good agreement with the present
method. The accuracy is less than 0.5%.

TABLE 1
COMPARISON OF RESONANT FREQUENCY OF
VARIOUS EQUILATERAL TRIANGULAR PATCH

B. Equilateral Triangular Microstrip Antenna with cover
dielectric
The equilateral triangular microstrip patch with cover can be
achieved by substituting εr1 = εr4 = 1, h11 = h4 = 0 in
multilayered structure shown in Figure 1. In Table 2, effect
of superstrate on the resonant frequency has been tabulated
for various superstrate dielectric constant εr2. The resonant
frequency calculated by present method has been compared
with fr calculated from FDTD method [14], SDA [12]
method and others [13]. As the dielectric constant of
superstrate increases the resonant frequency of equilateral
triangular microstrip patch decreases. The incremental %
change in resonant frequency in comparison to simple
equilateral triangular microstrip patch is 2.177%, 3.421%
and 5.13% respectively for ℰr3 = 1.5, 2.5 and 3.2.

TABLE 2
COMPARISON OF THE EFFECT SUPERSTRATE
DIELECTRIC CONSTANT ON FR WITH PRESENT
METHOD

Table 3, shows the effect on resonant frequency due to
superstrate thickness of different dielectric constant for
equilateral triangular microstrip patch. From the table 3, it is
clear as the thickness of the supersterate increases, the
resonant frequency decreases. But the incremental % change
in fr reduces as thickness increases. The maximum
incremental % change occurs between the equilateral
triangular patch without substrate and with superstrate. The
incremental % change increases as dielectric constant of
superstrate increases. But decreases as the thickness of
superstrate decreases. It can been seen that the experimental
resonant frequencies are in very close agreement with the
resonant frequencies calculated by present method. Fig. 2
shows the resonant frequency due to various dielectric
constant and their thickness.
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TABLE 3
EFFECT OF SUBSTRATE THICKNESS ON RESONANT
FREQUENCY OF EQUILATERAL TRIANGULAR
PATCH

Fig. 2. Variations of the center operating frequency with superstate
thickness for h2= 0.024 mm , h12=1.53 mm ,L = 45 mm

C. Equilateral Triangular Microstrip Antenna with Spaced
Dielectric

The equilateral triangular microstrip patch with spaced
dielectric can be achieved by substituting h11 = 0.0, ℰr1 = 1 in
multilayered structure shown in Fig. 1. Table 4, calculates
the effect on resonant frequency of a spaced dielectric
thickness with variable intentional or unintentional air-gap.

The effect on resonant frequency due to various air-gaps
with 1.53 mm thickness spaced dielectric of ℰr4 = 4.3 has
been compared with the calculated resonant frequency from
FDTD and Present method which are in good agreement. As
the air-gap increases the resonant frequency increases and
tends towards the resonant frequency of simple ETMP. The
% change in resonant frequency for h3/h4 =0.5 to 2.05 is
0.76% and incremental % change is less than 0.41%. The
average and maximum deviation in resonant frequency is
less than 0.31% and 0.56 % respectively. For small air-gap
the change in fr is maximum but as the air-gap increases the
incremental % change in fr decreases beyond i.e at h3/h4 = 2,
the % incremental change is less 0.07 %. It is observed as
the dielectric constant of spaced dielectric increases the
resonant frequency decreases for fixed air-gap. If the
thickness of spaced dielectric increases with the fixed air-
gap, the resonant frequency decreases.

The equilateral triangular patch antenna has been simulated
using commercial software based on method of moment.
Figure 3 shows the return loss versus frequency for with and
without dielectric cover and space dielectric.

Fig. 3. Effects of with and with dielectric cover and spacing
dielectric height for h3= 1.53 mm , h4 =1.53 mm , εr1 = 4.3 , εr2 =
1.0 , εr3 = 4.3 , L = 45 mm
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Fig. 4. Co and Cross polarized patterns cover dielectric for h3= 0.0
mm; h4= 1.53 mm , h12 =1.53 mm , εr1 = 4.3 , εr2 = 1.0, L = 45 mm.

Fig. 4 shows the effect on co and cross polarization due to
covered dielectric. As the cover dielectric constant varies the
cross and co polarisation of antenna is also varies. Fig. 5
shows the co and cross polarization effect due to various
space dielectric.

IV. CONCLUSIONS
An accurate simple design methodology for equi-triangular
patch has been presented for multilayered media. The
accuracy of this proposed method is in the close agreement
with full wave and experimental values.
Such design study is very useful for designing the high gain
antenna and calculating the effect of environment on
resonant frequency. The effect on the co and cross
polarization has also been estimated due to cover and space
dielectric. The design method is efficient and suitable for
CAD.

Fig.5. Co and Cross polarized pattern for Space dielectric h3 =
0.024mm,h4 =1.53 mm,h12 = 1.53mm,ℰr1=4.3,ℰr2= 1.0, L=45mm
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Comparative Analysis and Simulation of
Different Astable Multivibrator Circuits Design

Using PSPICE
Rajender Kumar, Krishan Kumar and Sandeep Dahiya

Abstract: This paper aims at presenting the comparative
analysis of astable multivibrator circuit design using different
IC’s such as Timer 555, uA741 operational amplifier and
LM111 comparator IC’s. This paper also presents the various
applications of astable multivibrator which are frequently used
in communication system such as is digital data transmission
and pulse position modulation.
Computer simulation of astable multivibrator can greatly aid
in the analysis, design and comparison of their performances.
An astable multivibrator can constructed for given
specification one of which is, it must have a duty cycle of 50
percent and frequency of oscillation must be 1 KHz. The
workability of the proposed circuits is confirmed through
PSpice simulations and then the various circuits and their
experimental work is compared.

Keywords: Astable Multivibrator, 555 timers, uA741
operational amplifier, LM 111 IC, PSPICE.

1. INTRODUCTION
A multivibrator is an electronic circuit used to implement a
variety of simple two state systems such as oscillators,
timers and flip-flops. An astable multivibrator finds its
applications in all types of communication system shown in
fig. 1 such as FSK generator, pulse position modulation and
RFID system.

Fig1 Types of Communication System
An astable multivibrator which is often called getable
operating modes or free running multivibrator is one which
toggles between one stable state to another without the
influence of any external control signal [1]. Two primary
methods for generating basic waveform for these
applications are (1) Timing method and (2) Unity loop gain
method. The timing method employs

Rajender Kumar, Krishan Kumar and Sandeep Dahiya are with SES,
BPSMV, Khanpur-Kalan, Sonipat, Haryana, rajender.mtech@gmail.com &
sandy_dahiya2001@yahoo.com

RC timing circuits and components that charges starts at
certain critical levels. It is used to generate rectangular
waveform which can be produced by adding two resistors
and a capacitor commonly known as timing circuit to the
basic internal diagram of 555 timers IC. The time duration
in which output is either high or low is determined by these
two resistors (Ra & Rb) and capacitor(C).

2. DESIGN CONCEPT
Astable Multivibrator can be designed by using op-amps,
bipolar transistors or timer IC. In this paper we are using the
internal diagram of 555 Timer IC shown by figure 2 which,
was first introduced by Signetics, for designing because this
timer IC is versatile in nature and easy to use compared to
other known IC or components. Some main features of 555
timer IC is shown in table 1. The internal diagram of 555
timer IC and its pin diagram is shown in figure 2 (a, b) [2].
It consists of two comparators (simply op-amps), RS flip-
flop, two transistors and a resistive network (Three equal
resistors to act as voltage divider).

Fig.2 (a) Internal Diagram of 555 timers IC

Fig.2 (b) Pin Diagram of 555 timers IC
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3. THEORY AND DESIGN IMPLEMENTAION
The basic circuits for astable multivibrator are shown in
figure 3 (a, b) [3]. The timing circuit consists of two
resistors (Ra, Rb) and a capacitor (C).

Fig3 (a) Astable Multivibrator Circuit Diagram
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U29

555alt
1
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4
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DISCHARGE
VCC

C

0.01u Ca

0.1u
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6.8k

R3

1k

Vcc
5v

0

Fig 3 (b) Astable Multivibrator Circuit Diagram with NE555
timer IC

Fig 3 (c) Pspice Simulated waveform of Atsable
Multivibrator

Period and frequency of oscillation:
Let us consider Thigh and Tlow represents time during which
output assume high state and low state respectively. The

expression for Thigh and Tlow for astable multivibrator is
given as

Thigh= 0.693*(Ra+Rb)*C --- (1)    and Tlow=0.693*Rb*C ---
(2)
The total time duration of oscillation is given by
T= Thigh +Tlow =>  T=0.693*(Ra+2Rb)*C --(3)

The frequency being reciprocal of total time of oscillation is
given by

F=1.45/ (Ra+2Rb)*C --- (4)

Finally the standard definition of duty cycle (D) which is
often used for most pulse generator circuit is

D=high interval*100/total time => Ra*100/Ra+2Rb --- (5)
Now we will design astable multivibrator which can
generate a pulse of 1 KHz frequency with 50% duty cycle.
To do so consider the value of capacitor(C) equal to 0.1uF
and time duration for which output to be low and high is
0.25ms and 0.70ms respectively. Using the equations (2),
value of Rb calculated is 3.3 KΩ & using equation (1), value
of Ra comes out to be 6.8 KΩ. We will use another
capacitor (C1) between voltage control and ground to by-
pass noise or ripple from the supply.
Further, second circuit can be used to design and simulate
the same multivibrator using LM 111 IC shown in fig 4.

Fig 4 (a) Astable Multivibrator using LM111 IC

Fig 4 (b) Simulation of Circuits using LM111 IC
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Finally, the approach is applied for the design of astable
multivibrator using uA741 IC whose circuit diagram is
shown in fig 5 (a) and the simulated output is as shown in
fig 5 (b).

0
0

C

R1

V4

Astable MV using uA741
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R
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0D7

BZ-056U35

uA741

3

2

7

4
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1

5
+

-

V
+

V
-

OUT

OS1

OS2

Fig 5 (a) Astable Multivibrator using uA 741

Fig 5 (b) Simulation of Circuits using uA741 IC

The main features of various IC used in designing of astable
multivibrator is shown by table 1.

Table 1: Features of various ICs
SN
0

Main
feature

uA741 Timer 555
IC

LM11
1 IC

1 Year of
introduction

Dave
Fullagar-
1968

Hans
Camenzind
1971

John
Ragaz
zini
1967

2. Operating
power
Supply

Plus/minus
15 down to
5

Plus/minus 18
down to 5

Plus/mi
nus 15
down to
5

3. Power
dissipation

500 mV 200 mV for
cmos,600 mV
for BJT

135 mV

4 Oscillation
Prone
Capability

High prone
to spurious
oscillation

Medium prone
to spurious
oscillation

Less
prone to
spurious
oscillati
on

5. Compatibili
ty with

Less Medium High

RTL, DTL
& Cmos
Ckt

6. Temperatur
e stability

Less Good Excelle
nt

7. Application
s

Summing
amplifier
Differentiat
or/integrator
Active
filters
Function
generator

Timing Delay
Tone Burst
generator
Missing pulse
generator

Detector
for
magneti
c
transduc
er
Digital
Transmi
ssion
isolator

4. APPLICATIONS of ASTABLE MULTIVIBRATOR
The various applications of astable multivibrator are
described as below:

4.1 Square Wave Oscillator
An astable multivibrator can be used to form a square wave
output by connecting diode across Rb. The capacitor C
charges through Ra and D towards 2/3 Vcc and then
discharges through Rb and Q, until amplitude equals 1/3
Vcc. The cycle then repeats. To develop a square wave
output, Ra must be a combination of a fixed resistor and a
potentiometer. Therefore the potentiometer can be adjusted
for the exact square wave [8].

4.2 Free-Running Ramp Generator
The astable multivibrator can be used as a free-running
ramp generator replacing Ra and Rb by a current mirror.
The current mirror starts charging capacitor towards Vcc.
Practically the time period of the ramp waveform is equal to
the charging time given by T = Vcc*C/3Ic
Where Ic = (Vcc-Vbe)/R constant current in amperes
The free-running frequency of the ramp generator is
f0 = 3Ic/Vcc*C

4.3 FSK Generator
In digital communication binary information is sent by
shifting a carrier frequency between two reference
frequencies (f1 and f2) (f1 for 0 and f2 for 1 and vice
versa).this is known as frequency shift keying. A 555 timer
in a stable mode can be used to generate FSK signal. The
standard frequency for digital data input is 150 hz. When
input is high Q1 is off and 555 timer functions in the astable
mode. The frequency of the output waveform is Q1.

4.4 Pulse Position Modulator
The pulse position modulator can be made by applying a
modulating signal to pin 5 of a 555 timer. The output pulse
position changes with the modulating signal since the
threshold voltage and hence the time decay is changed. It
may be observed from the output that the frequency is
changing, leading to pulse position modulation.

5. SIMULATION RESULTS
The results of PSPICE simulation software for astable
multivibrator using different circuits are shown in figures
and its applications are shown in fig. 3 (c), 4 (b), 5 (b) and 6
(b) [4,6,7]. It can be seen that simulation results looks good
and resemble with theoretical results calculated using
different equations. The comparison of simulated and
theoretical results is shown in table 2.
Table: 2 Comparison of simulated and theoretical results of
different ICs
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SNo. Types of
Circuit used
in astable
multivibrator

Theoritical
value of
Frequency
of
Oscillation
in KHz

Simulated
value of
Frequency of
Oscillation
in KHz

1 uA741 IC 1 KHz 1099Hz
2. LM 111 IC 1KHz 1040 Hz
3. NE 555 1KHz 1045 Hz

6. CONCLUSION
Simulation and analysis of astable multivibrator using
different circuits and its applications in communication
system is presented in the paper. The results provided by
simulation of these three circuits resembles with the
theoretical results. The circuit with uA 741 shows that
transitions take place at slow rate as compared to other
circuits NE 555 timer and LM 111 IC because of its low
slew rate. These simulations may be uniformly applied for
testing the circuit performance and reliability under different
changing conditions like temperature, pressure etc before
actual circuit or product is ordered and thereby decided to be
implemented in the real world.
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GSM Based Automated Meter Reading With Bill
Payment Facility

S. Chhettri1, A.K. Nath2 and M.A. Ahmed3

Abstract: The prime objective of the project is to design a
digital energy meter using GSM and card reading technologies
for collection, communication and integration of the data. The
main objective of ours is to integrate the GSM module and the
debit card reading console with the digital energy meter so that
the electricity bill delivery and the same bill payment is made
easier. In order to integrate the various parts together we must
first properly understand the working of the different parts to
be integrated together. A brief study is done on the components
and the technology which we are going to use in our project.

Keywords: GSM modem, Microcontroller, Digital energy
meter

I. Introduction:

The underlying aim of every technology is to ease human
efforts as far as possible, so with that objective in mind we
set off to achieve another such goal. With the help of this
device of ours, in addition to the electricity bill delivery, the
electricity bill payment becomes easier and time saving, as
for in this busy world of ours time plays a crucial role.

An electricity meter or energy meter in simple terms would
be a device that measures the amount of electric energy
consumed by a residence, business houses, or an electrically
powered devices or appliances. Electricity meters are
typically calibrated in billing units, the most common one
being the kilowatt hour [kWh]. Periodic readings of electric
meters establish billing cycles and energy used during a
cycle, the cycle generally extending for a month.

The kind of Energy Monitoring System which we are
making is appropriate for Industries, manufacturing plants,
commercial Buildings or any situation where an electrical
system is used. The system provides the centralized Power
Monitoring and Control for the electricity department and
easy bill payment for the customers. The Energy
Management System leads to savings in the overall cost.
These savings may be from better utilization of manpower,
no data tampering and time saving both for the customers as
well as for the energy providers.

1Sanjay Chhettri, DBCET, Azara (sanjaychhettri@gmail.com)
2Anup Kumar Nath, DBCET, Azara (anupnath2011@gmail.com)
3Musfique Ali Ahmed, DBCET, Azara (musfiquerinku.18@gmail.com)

II. Digital Energy Meter

The Indian power sector faces a serious problem of revenue
collection for the actual electric energy supplied due to
tempering of energy and network losses. One of the reasons
is the traditional billing system which is inaccurate many
times, slow, costly, and lack in flexibility as well as
reliability [1]. The upcoming digital energy meters are
aimed at rectifying this particular problem of data
tampering.

A Postpaid Energy Meter extracts power data and sends
electricity bills to the consumers within duration of a month.
The meter has the capability of Automated Meter Reading
along with the ability to exchange information with the
suppliers and consumer pertaining to customer’s
consumption details. A paper suggests the designing of an
Energy meter using ATmega32 to which the input is given
by using an energy meter IC [2]. Another article suggests a
design of a system which can be used for automatic power
meter reading using GSM [3]. Yet, another report suggests
making of an energy meter using PIC microcontroller
integrated to a GSM module [4].

Digital power and energy meters in recent times are capable
of frequency analysis, redefining the old metering concepts
and uncertainty due to the inability of old metering
equipment .They can be overcome only if the measured
quantities are defined for the prevailing non-sinusoidal
conditions. The separation of fundamental power
components from the other parts of the apparent power
causes some advantages and disadvantages in a metering
[5].

III. Transmission Module

The technology used for the transmission of data is GSM
which has a higher data rate transmission and is more
secure. There are various benefits of GSM which includes
wide network coverage, lower power consumption, cost
effectiveness and reliability [6]. The digital energy meter
reads the energy consumed and after a period of time
generates a bill and sends it to the customer as well as to the
energy provider [7].
Wi- Fi, ZigBee and 3G technologies can also be used for
transmission of metering information but has not been
widespread because of the well known disadvantages like
the installation of such facilities and access points to cover
the designated areas and thus does not provide a cost
effective solution in the present practical world [8, 9].

The microcontroller, in energy meters also has to take care
of parameters which have to be set on to the modem before
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