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Abstract. The circular microstrip patch antenna on FR4 epoxy and Magnesium ferrite substrate was designed by
using ANSOFT Designer SV 2.2 at resonance frequency of 2.45 GHz for ISM band. The Mg-ferrite was synthesized
by co-precipitation method using microwave sintering technique. The dielectric and magnetic properties necessary
for design of MPA were measured by using vector network analyzer. The proposed antenna was designed by using
cavity model. The Return loss, VSWR, Smith chart and radiation pattern were computed by using the same
software. The designed antenna on FR4 substrate was fabricated by using photolithography technique. The
measured Return loss and VSWR by vector network analyzer (Agilent E5062A) were compared with simulated
values. The significant changes in 10 dB % bandwidth and half power beam width were observed when magnesium
ferrite was used as substrate.
1. INTRODUCTION

In modern technological era, antennas play more important role in telecommunication systems. The wired
communication systems are being replaced by wireless systems. The main requirement of wireless communication
system was light weight, compact size and low cost antenna. The microstrip patch antenna (MPA) was fulfilling
these requirements. It can be used in smart phones, Bluetooth devices, radar systems and ISM band applications [1].
The ISM band was used in military radars, medical diathermy machines, cordless phones, and microwave oven.

The MPA was a radiating patch on one side of the dielectric substrate with ground plane on other side. The
conducting material like copper or gold was used for patch. In MPA matching of input resistance depends on
position of feed [2]. Various techniques such as stripline, coaxial, proximity can be used to feed these antennas. The
use of various dielectric and magneto-dielectric materials plays important role when used as substrate. Some novel
characteristics of ferrites over normal dielectric materials were make them very useful in microwave antenna
applications. The Mattei et al. was studied mobile handset miniaturized antennas on Ni-Zn ferrite substrate [3]. The
magneto-dielectric material with nano ferrite inclusion can be used as substrate [4]. The MPA antennas can be
designed and analyzed by using software tools like IE3D [5], ANSOFT-Designer [6-7].

In present paper the design and analysis of circular MPA on FR4 and Mg-ferrite substrate for parameters like
return loss, VSWR, smith chart and radiation pattern by using ANSOFT-Designer SV2.2, measurements of Return
loss and VSWR of antenna on FR4 by Vector Network Analyzer (Agilent E5062A) were reported.

2. EXPERIMENTAL

2.1. THEORY OF PATCH ANTENNA

The MPA can be designed in various shapes such as rectangular [2], triangular [6], circular [8], elliptical [5].
The coaxial feed was easy to fabricate and results in low fake radiations [1]. In present communication circular
shape was used to design MPA with coaxial feeding for excitation. Number of analysis methods can be used for
MPA. The cavity model [9] commonly used methods were used to analyze the proposed antennas.

The geometry of circular patch antenna is as shown in Fig.1 [1]. The Z axis is taken as perpendicular to patch.
The circular patch is observed as circular cavity of dialectic material between patch and ground plane. The modes of
circular MPA are TMZ® In circular MPA has only one variable (radius); hence it has one degree of freedom to
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control modes of operation. Due to this the order of modes does not change, but
it changes the value of resonance frequency [1].
The dominant mode is the TM?; o, whose resonance frequency is given by,
1.8412 v
(fr)lll.} w0} _,)__0 (1)
: 2mn e,
where, v-speed of light in free-space, a-actual radius of circular antenna patch,
dielectric constant of material. :
2 ey FIGURE 1. Geometry of circular
The resonance frequency doesn't consider the effect of fringing field. Due to N?P A e
fringing field electrically larger patch is observed. Thus effect of fringing field
is taken into account, The correction in circular patch is considered by using an effective radius ‘a,’ instead of actual

radius ‘a’ which is given by [10],
1
A
a, = a{l e [ln(ﬂ)+ 1.7726 }} @)
mac | 2h

Where h is height of substrate, in cm. Thus the formula for resonant frequency becomes,
1.8412 v, 3)

) B i
[r)lil zﬂ'n'c.\/:

The most significant parameters for design of circular MPA are the resonance frequency (f;), the dielectric
constant of material (¢,) and thickness of substrate (h). The proposed antenna can be used for various applications in
ISM band. With this consideration, the resonance frequency f; is 2.45GHz. The physical dimensions as well as
performance of MPA are depends on dielectric constant of material. The high dielectric constant material
miniaturize antenna with the cost of suppress in bandwidth as well as degradation in efficiency. Therefore in present
work instead of preferring high dielectric constant substrate, Mg ferrite material having magnetic and dielectric
properties and FR-4 epoxy with moderate dielectric constant are used. The fringing field at patch circumference
increases with increasing thickness of substrate, which increases radiation power [7]. However, the coaxial teed .
becomes more difficult in the thicker substrate [1]. Therefore, suitable height of dielectric substrates is selected.

2.2. PREPARATION AND CHARACTERIZATION OF MG-FERRITE

The MgFe,0, ferrite used as substrate was prepared by oxalate co-precipitation method using microwave
sintering technique. The high purity AR grade MgS0,.7H;0 (99.5%, Thomas Baker) and FeS04.7H,0 (99.5%,
Thomas Baker) was used as starting chemicals. The detailed procedure of preparation of Mg- ferrite was explained
elsewhere [11]. The formation of single phase cubic spinal structure of ferrite sample under investigation was
confirmed by using XRD and FTIR technique [11]. The dielectric and magnetic properties such as real permittivity
(¢,) dielectric loss tangent (tan&,), real permeability (i) and magnetic loss tangent (tand,,) at microwave
frequencies in the range 0.3 to 3GHz. were determined. The &, tan &g, p, and tan g, were found be 4.9, 1.0012,
0.1003 and 0.0276 respectively at frequency 2.45 GHz.

2.3. DESIGN OF PATCH ANTENNA

The design of proposed circular microstrip antenna, the optimization of the location of feed position and the
simulation of various parameters of antenna was done by using ANSOFT Designer SV2.2 software [6]. By using
resonance frequency f, = 2.45 GHz, dielectric constant of FR4 & = 4.4 and Mg-ferrite & = 4.9 height of substrate h=
0.1524 c, the radiusa, of proposed circular microstrip patch antenna calculated by using equation (3) was about

17.711mm and 17. 51 Imm. The Mg- ferrite material was

TABLE 1.The variation of return loss with location of feed  not present in the software library. Therefore it was

FR4 Substrate Mg-Ferrite Substrate necessary to insert new Mg- ferrite material with properties

Serial Location of ~ Return Location of ~ Return real permittivity (= 4.9), dielectric loss tangent (tan 6¢=
No. Points (mm) Loss (dB) Points (mm) Loss(dB)  ( 1003), real permeability (1= 1.0012) and magnetic loss :

I (-55.0) -31.08  (0,-11) 2834 oent (tan,, = 0.0276), .

2 (56,00 3817  (0,-12) -29.56 By RS _ :

3 (-5.7,0) 23941 (0, -13) 30.40 In present investigations coaxial type of feed of 5002

4 (-5.8,0) -31.85 (0, -14) 32.06 is used. The location of feed point on circular patch must

5 (0,56)  -3817  (0,-15) -33.02 be at point, where input impedance is 502 at defined

g {2’658) 'gg-{g ('11’ -IISSJ 'giig resonance frequency f,. The feed point is optimized at

3 ((5“5,'5‘5)) _11.54 (El’l, -1;) 2356 proper location at which more negative value of return loss

9 (5.5,-3.5) -11.50  (11,-15) 224.56 is obtained. For this, location of feed point is varied along

10 (-5.5,-5.5) -11.50 (11,15 221.23 X, Y axis and in four different quadrants or along diameter
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circular patch [12]. The magnitude of return loss at reson
frequency 2.44GHz for different locations of feed points is noted
and tabulated in the Table 1. The table shows that the return loss is
more negative .i.e. - 39.41 and 33.02 at feed point (-5.7, 0) for FR4
substrate and (0,-15) for Mg-ferrite substrate respectively. Hence
coaxial feed point of proposed antenna is fixed at (-5.7, 0) for FR4
5 substrate and (0,-15) for Mg-ferrite substrate. The designed circu
FR4 substrate  Mg-ferrite substrate microstrip patch antennas with both substrate of proper effective
FIGURE 2. Geometry of coaxial feed radius 17.711mm and 17.511mm, center at (0, 0) coordinates and
feed points at (-5.7, 0) and (0,-15) is presented in Fig.2.
2.4. FABRICATION OF PATCH ANTENNA
S —— The fabrication of MPA can be done with various techniques
such as PCB etching, PCB milling and PCB printing [I3]. For
proposed antenna on FR4 substrate, PCB etching method was used.
The impurities present on the copper surface of FR4 substrate was
introduce discontinuity in the etched pattern that changes the
resonant frequency. In order to remove these impurities, the
substrate was cleaned by using organic solvents. After drying, the
mask image was carefully transferred on to substrate. The substrate
was then coated with positive photo resist and heated to remove the
solvents [14]. It was exposed to UV light and developed in proper
KOH solution. The mask image was transferred on substrate which is heated to optimized temperature in oven. The
substrate was kept in FeCl; solution for etching. Finally it was rinsed with double distilled water and dried. The top
and bottom views of the photo-lithographically fabricated antenna are presented in Fig.3.

3. RESULTS AND DISCUSSIONS

The return loss, VSWR, Smith chart and the radiation pattern in the far field for the designed antennas were
simulated in the range of frequencies 2.2GHz to 2.7GHz using Ansoft Designer SV2.2. The variation of return loss
with frequency for both antennas is presented in Fig.4. From this figure it is noticed that the resonance frequency of
. § e TR the designed circular MPA on FR4 and Mg- ferrite

-
Y - Meatured Ted FRA

3 PR S, & substrate is 2.44 GHz and 2.45GHz respectively,
- 2 ,o" which is very close to the designed frequency. A
3: i little shift in resonance frequency for FR-4 antenna
i . g may be due to minor imperfection in patch radius.

FR4 substrate Mg-ferrite substrate
FIGURE 3. Fabricated coaxial feed MPA

1

s e it | The return loss at the frequencies for FR-4 antenna

- ST e .l_ | is -39.41dB and for ferrite antenna is -33.02dB. It
T gt % » w ® aoa w ©  reveals that good impedance matching of the patch
FIGURE 4. Variation of Return FIGURE 5.Variation of VSWR  antennas with impedance of feeding cable at the
Loss with frequency with frequency feeding points is achieved for both antennas and

more than 99% power is transmitted to the antennas

[15]). The 10 dB % bandwidth of patch antenna is determined by using the relation,
10 dB % bandwidth = £ = fi 109 (3)
fl

where f, = higher cut off frequency, f;= lower cut off frequency and f; =is the resonance of the antenna. The 10 dB %
bandwidths are 2.45 for FR4 substrate and 9.79 for Mg- ferrite substrate. This clearly shows that the 10 dB %
bandwidth for MPA on Mg-ferrite increased by about 33.6%. This may be due to the FR4 has only dielectric
property, where as ferrite has both dielectric and magnetic properties [16]. Thus the Mg-ferrite prepared by co-
precipitation method by using microwave heating technique has potential to use as substrate in MPA.

The variation of VSWR with frequency is presented in Fig. 5. For simulated results, the VSWR for FR4
antenna is 1.02 and that for Mg-Ferrite antenna is 1.045 at resonance frequency. It shows good impedance matching
at the proposed feed point for both the antennas. The simulated radiation pattern for the designed antennas is
presented in Fig. 6. From this figure it can be noticed that the half power beam width for designed antenna on FR4
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substrate is 53° and that on Mg-Ferrite substrate is 80°. The observed parameters by simulation for designed

an_lenna are Summarized in the Table II. - ™ bvssmrvetrrtgrerea g i sismsads
TABLE 2. The simulated and measured parameters of MPA
Parameter FR4 Substrate  Mg-Ferrite Substrate
Simulated Measured Simulated

Resonance Frequency 2.44 243 2.45

(GHz) : ( - i
Return Loss (dB) 3941 . 2448 33.02 e = W e Sy
10 dB % Bandwidth 245 2.86 9.79 FIGURE 6 FR4 substrate Mg- Ferrite substrate
VSWR 1.02 1.14 1.045 Simulated Radiation Pattern
Half Power Beam width 53° - 80°

The designed and fabricated antenna on FR4
substrate under investigation is tested on Vector network analyzer in the range of 2.2GHz to 2.7GHz. The
measurements are made for return loss, VSWR and Smith chart. The variation of return loss with frequency is
presented in Fig.5. From this figures it is noticed that the resonance frequency for antenna under investigation is
2.43GHz. It is very close to the design frequency 2.45GHz and simulation frequency 2.44GHz. The measured return
loss at 2.43 GHz is -23.44dB, showing maximum power about 99.5% is transmitted to the antenna [15]. From this
figure the measured 10 dB % bandwidth is 2.45. The discrepancy between the simulated and measured return loss
with frequency for antenna on FR4 substrate is due to its intrinsic properties [17].

The variation of measured VSWR with frequency is presented in Fig.6. It can be noticed that the measured
VSWR is 1.14 at 2.43GHz. The simulated and measured VSWR are matched at resonance frequency. However, the
measured VSWR is much smaller than the simulated VSWR at frequencies other than resonance frequency. This is
attributed to fabrication error, thickness of material and soldered joint of SMA with antenna [18].

4. CONCLUSION

The size of circular microstrip patch antenna at designed frequency on Mg — ferrite smaller than that on FR4
substrate. The simulated and measured return loss of antenna on FR4 substrate indicating good impedance matching
at designed resonance frequency. The increase in simulated 10 dB % bandwidth and half power beam width for Mg-
ferrite antenna is about 33.6% and 50% as compared to FR4 antenna. Thus the synthesized Mg-ferrite has good
applicability in enhancing the bandwidth and half-power beam width of antenna.
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SHIVAJI UNIVERSITY
New Syllabus

(introduced from June, 2019)
as per Choice Based Credit System (CBCS)

QUALITY TEXT BOOKS
For B. Sc. PART Il ® Semester |l

PHYSICS

PAPER -V
PAPER - VI

PAPER -V

CHEMISTRY

BOTANY
ZOOLOGY

PAPER - VI

PAPER -V
PAPER - VI

PAPER - V
PAPER - VI

MICROBIOLOGY rarer-vi

MATHEMATICS  earer-vi

BURsTICS i v
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PRACTICAL
- CHEMISTRY

PRACTICAL

¢ Dr, P. K. PATIL
¢ Dr. J. K. NANDAGAWE
¢ Dr. R. K. NIMAT

PHYSICAL CHEMISTRY
¢ NAIK ¢ YADAV ¢ MORE * SUPALE

INDUSTRIAL CHEMISTRY
¢ NAIK ¢ VITHALKAR ¢ BAJAGA
¢ MULIK ¢ YADAV ¢ SAWANT

¢ Dr. C. R. PATIL
+Dr. T. G. NAGARAJA
4Dr. S.S. SATHE

¢ Prof. Y. B. MUTAKEKAF
¢ Dr. S.A. KHABADE

¢ Dr. P. M. BHOJE

¢ Dr. R. B. MORE

¢ Prof. S. B. PATIL

¢ Dr. G. V. MALI

¢ Dr. Mrs. Manisha R. S 'kal
¢+V.P. SUTAR

¢ JADHAV ¢ PATAWA' JHAL
¢ BAPAT ¢ YADAV
+ DINDE ¢ PATIL

¢ Dr. A. A. Kalagonda + '« M. K. Fi til
¢ Dr. K. G. Potdar + Dr. A. V. Dont jude

¢ Prof. Dr. S. J. NAIK

¢ Prin. Dr. R. V. Shejawal
¢ Prof, Dr. U, B. More
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