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Abstract— In this paper a designed multiple band fractal 

antenna with diffracted ground structure (DGS) is tested. This 

antenna fabricated at the vary compact size of 15*24 mm2. 

This antenna designed on HFSS and simulated. In result this 

antenna gives multiband frequency of C-band, Ku-band & K-

band. Antenna tested using VNA in anechoic chamber. 

Anechoic chamber gave accurate results. The Sn parameters 

comparison of software and hardware simulation also 

concluded in this paper. The return loss hardware gives 

39.99dB.Furthumore discussion will be done in the following 

paper. 
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I. INTRODUCTION 

Within the past years wireless communication has 

considerably increased the demand of numerous antennas 

which is sensible enough to be inlayed in portable and 

portable devices for using inside wireless band for cellular 

and satellite network. That makes us simple to connect with 

one another in addition to the scale antenna minimizes to be 

very small and light weight.  

In the modern time, the paradigm of the world has 

changed from too soon analog systems to latest digital 

systems. This present scenario aim is to develop a 

communication ubiquity which provides users with best 

services. With more growing applications and demand, users 

are provided with well-developed facilities .The modern 

technologies are following: 

The 1-G is initial generation works on analog voice 

communication whereas 2-G involves low band digital data 

signaling ,mostly used for G.S.M., fax and small message 

service with rate of 9.6 kbps where 2.5-G helps in enhancing 

the data capacity of G.S.M. with data rate of 171.2 kbps. Then 

3-G started and focused on data as well as on video 

conferencing application which provides a very high data rate 

such as 2 Mbps for all the stationary users. In the upcoming 

fourth generation 4-G of cellular telephony, it will provide 

advanced services with better quality of audio and video 

services. 

II. MICRO-STRIP PATCH ANTENNA 

There are various types of antennas used in various fields of 

communication such as horn antenna, wire antennas, 

pyramidal antennas, aperture antennas, reflector antennas, 

lens antennas, micro-strip antennas etc. Amongst them all 

written above, micro-strip patch antenna are one of the mostly 

used, versatile and easy to fabricate antennas. 

A. Introduction 

A micro-strip patch antenna (MPA) consists of a conducting 

patch of any planar or non-planar geometry on one side of a 

dielectric substrate with a ground plane on other side. It is a 

popular printed resonant antenna for narrow-band microwave 

wireless links that require semi- hemispherical coverage. Due 

to its planar configuration and ease of integration with micro-

strip technology, the micro-strip patch antenna has been 

heavily studied. 

A large number of micro-strip patch antennas have 

been studied to date. An exhaustive list of the geometries 

along with their salient features is available. When they are 

applied in the frequency range below 2 GHZ, size of 

conventional rectangular patch is seem to be too large which 

makes it difficult for them to be installed on televisions, 

notebook computers or other handheld terminals, etc. 

Several techniques thus have been proposed to 

reduce the sizes of conventional micro-strip patch antennas. 

Material of high dielectric constant has been used. There are 

numerous and well- known methods to increase the gain of 

antennas, including decrease of the substrate thickness, size 

reduction, VSWR improvement by introducing slots. 

 
Fig. 1: Structure of rectangular micro-strip patch antenna 

B. Feeding Methods 

Basically there are four main types of feeding methods which 

are used to feed micro-strip antennas are micro-strip line 

feeding ,co-axial probe feeding ,aperture coupled feeding and 

proximity coupling feeding. The micro-strip feed line is use 

for our proposed antenna design. 

The micro-strip line feed uses a conducting strip of 

very smaller width as compared to patch. This feeding is easy 

to fabricate as it uses the same plane of patch and is also 

simple for impedance matching and easier to model. But with 

the increase in thickness of substrate, spurious feed radiation 

and surface waves increases which also limit the bandwidth. 

Co-axial line feeding consists of inner conductor 

where coax is connected to radiation patch and outer 

conductor is attached to ground plane is also used. It is easy 

to match impedance but it is difficult to model for thick 

substrates because of low spurious radiations. 

The aperture coupler consists of 2 element separated 

by ground plane. On lower substrate, there is a micro-strip 

feed line on the bottom side of substrate whose energy is 

coupled to a slot on the ground plane separating two 

substrates. It uses high nonconductive stuff for bottom 
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substrate and low nonconductive constant stuff for upper 

substrate. The ground plane isolates feed from the radiating 

element and also minimizes interference of pattern formation. 

This feeding is difficult among all the four feeding. 

In the proximity coupling, the length of feeding stub and 

width to line ratio of the patch is used to control the match 

and it has the largest bandwidth. 

III. DEFECTED GROUND STRUCTURE 

Defected ground structure (DGS), commonly used for 

enhancing the performance of printed circuits and antennas, 

has been relatively a new area of research. Single or multiple 

defects are usually created on the ground plane (GP) to 

perturb the current distribution and to introduce resonant 

properties which are modelled using an equivalent L-

Ccombination (Yablonovitch et al., 1987). 

Means of this method is Defect has been etched off 

in the ground plane. DGS comprising of any asymmetrical 

shape slot in earth has been accessible to enhance the 

bandwidth, compact the antenna size and also reduced the 

other parameters of Micro-strip Patch antenna. The 

parameters for instance Return loss; VSWR and Bandwidth 

are greatly enhanced in the projected antenna. CADFEKO 

Simulation tool has been used for the designed antenna. 

In Present time, there have been many novel ideas 

applied to disperse microwave circuits. One of them is DGS 

that is significantly known as Defected Ground Structure. In 

this Technique, the back side of radiating patch that means 

ground has to go with some amendments; these amendments 

could be of any shape or size. 

In this technique, a defect or cut is used in the ground 

plane to modify the radiation characteristic of the whole 

antenna; this defect made in the ground will further change 

the behaviour of the radiation of the patch antenna. 

Defected Ground Structure (DGS) is one of the 

methods, which are used to miniaturize the size of micro-strip 

antennas, DGS consist etching of a simple shape in the 

ground plane, or sometimes by a complicated shape for the 

better performance. Fig.2. shows the example of DGS 

specific shapes etched on the ground plane of micro-strip 

circuits (Aris et al., 2015). 

 
Fig. 2: Different DGS geometries: (a) Dumbbell-shaped (b) 

Spiral-shaped (c) H-shaped (d) U-shaped (e) Arrow head 

dumbbell (f) Concentric ring shaped (g) Split-ring 

resonators (h) Meander line (i) Cross-shaped (j) Circular 

head dumbbell 

 

Defected Ground Structure understands by 

introducing a symmetrical or non-symmetrical cut and defect 

on the ground plane of the Micro-strip patch antenna, this 

introduction changes the current distribution in the ground 

plane and significantly may increase the number of radiation 

frequencies. 

As the antenna is radiating to the applied frequency 

there have to be some losses in the antenna, these losses are 

return losses and transmission losses, which arises when 

radiating waves enter in the substrate. The losses during the 

ground wave’s excitation will origin reduce in the 

effectiveness, bandwidth and, gain of the patch because when 

ground wavearise, it can take out whole present radiation 

power to space wave. 

Therefore, the micro-strip patch antenna lacking 

DGS, the return loss may be high and bandwidth may be low. 

Whereas, if DGS incorporated on the ground surface of the 

antenna then, it will modify the characteristic of the antenna 

basically the return loss and bandwidth without adding any 

further circuitry to the antenna.  

The DGS can be designed by using an equivalent L-

C resonator circuit. The value of the inductance and 

capacitance depends on the size and the area of the shape. By 

varying the various dimensions of the etched shape and 

etched defect, then the desired resonance frequency can be 

achieved. 

A. Applications of DGS 

 Delay lines: -Placement of the DGS resonator along the 

transmission line introduces changes in the propagation 

of the wave along the line. 

 Filters: -Different shapes of DGS have been explored to 

design bandpass and band-stop planar filters. 

 Amplifiers:-DGS is used for improving the efficiency of 

the power amplifier. 

 Antennas:-DGS has been used for improving the various 

parameters of the planar antenna. 

IV. HARDWARE IMPLEMENTATION 

A. PCB Layout 

Prepare a layout of the circuit on HFSS. A layout is a design 

which interconnects the components according to the circuit 

diagram. Take a mirror image print of the layout on the OHP 

sheet using a laser printer. Make sure that the design is correct 

with proper placement of the components. 

 
Fig. 3: Front view 
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Fig. 4: Back view 

B. Silk Screen Process 

The fabrication process is to print the image on the shield. 

The process is the sensitizing printed circuit board with photo 

resist, which is commonly known as “photo sensitizing”. This 

process a screen is formed of the circuit pattern from the 

prepared master positive. This screen sandwiched with the 

laminated and suitable ink squeezed over it, the ink passes 

through the unrestricted area and the image is transferred onto 

the laminated. 

We make paste by adding sonakote and sensitizer 

than apply this paste on a butter paper and also polyethene of 

sand is put on the frame are left for 10-minute polyethene of 

sand remove from the frame and circuit paste on the frame. 

 
Fig. 5: Front view 

 
Fig. 6: Back view 

C. Etching 

While creating PCBs, a layer of copper is intercalary on the 

substrate. Sometimes, each the perimeters of the substrate are 

coated with copper layers. PCB etching method is 

administrated to urge eliminate the excessive copper, and 

solely the desired copper traces are left behind when the 

etching method. 

The etching procedure can be accomplished in a 

number of methods. But, the maximum normally used 

technique for etching is by way of the use of hydrochloric 

acid or ferric chloride. Each the chemicals are plentiful and 

cost effective. The principle cause of the pcb etching 

technique is to hint the circuit design on a copper plate. To do 

this, there are several steps which you want to comply with, 

which might be as follows: 

 

 
Fig. 7: Etching machine 

D. Resist Removal 

Use scrubber pads or steel wool to remove the black resist and 

drill dust, exposing the clean, copper circuit. Because the 

artwork was flipped, the DIP chip socket no longer connects 

to the correct pins on the lower layer. 

E. Soldering Process 

In this soldering process we solder the SMA connector to the 

feed line of antenna. 
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Fig. 8: Soldering SMA connector 

We have successfully soldered all the components 

one by one with the help of soldering iron, soldering flux, 

soldering wire on the designed PCB. We used soldering iron 

of rating 225-watt, 250 volts of soldering iron. 

V. ANECHOIC CHAMBER 

Anechoic chambers are indoor radio wire ranges. The 

dividers, roofs and floor are fixed with unique 

electromagnetic wave retaining material. Indoor extents are 

attractive on the grounds that the test conditions can be 

considerably more firmly controlled than that of open air 

ranges. The material is regularly barbed fit as a fiddle too, 

making these chambers very intriguing to see. The rugged 

triangle shapes are structured so what is reflected from them 

will in general spread in irregular headings, and what is 

included from all the arbitrary reflections will in general 

include indiscernibly and is in this manner smothered further. 

 
Fig. 9: Antenna Mounted in anechoic chamber 

These parts are in brief mentioned. The supply 

Antenna ought to of course radiate well at the required test 

frequency. It should have the required polarization and an 

acceptable beam dimension for the given antenna range. 

Supply antennas are usually horn antennas, or an antenna 

with a paraboloid reflector. 

The Transmitting System ought to be fit for yielding 

a stable known power. The yield recurrence ought to likewise 

be tuneable (selectable), and sensibly steady (stable implies 

that the recurrence you get from the transmitter is near the 

recurrence you need). 

 
Fig. 10: Transmitting Antenna 

 
Fig. 11: Receiving Antenna 

The recipient system simply wishes to decide how a 

lot power is acquired from the check antenna. This may be 

accomplished thru a simple bolometer, which is a device for 

measuring the power of incident electromagnetic waves. The 

receiving device may be greater complex, with high 

satisfactory amplifiers for low strength measurements and 

extra accurate detection gadgets. 

The Positioning System controls the orientation of 

the take a look at antenna. Since we wish to measure the graph 

of the test antenna as an operate of angle (typically in 

spherical coordinates), we'd like to rotate the test antenna in 
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order that the supply antenna illuminates the test antenna 

from totally different angles. The positioning system is 

employed for this purpose. 

A. S Parameter of Antenna Testing on VNA in Anechoic 

Chamber: 

 
Fig. 12: S Parameter 

Fig. shows, measured return losses in frequency range of 4 

GHz to 8 GHz by using Anritsu MS2025B vector network 

analyzer in an anechoic chamber. 

By comparing the log magnitude of S₁₁ of single 

antenna element we conclude that the value of S₁₁ in 

simulation result is about -40dB at 7 GHz frequency but the 

above figure shows the result of VNA testing in which we 

obtain the value of S₁₁ is -39.99dB at 6.77GHz frequency. 

Above results gives the information about the 

variation of reflection parameters with respect to frequency. 

As it is clearly shown in the above figure that at the 6.760 

GHz, maximum return loss is obtained as -39.385dB. 

VI. CONCLUSION AND FUTURE SCOPE 

We have successfully designed, fabricated and tested a novel 

multi- band fractal antenna with center frequency of 3.53 

GHz, 4.7 GHz, 5.8 GHz, 7.6 GHz, 9.8 GHz, 10.5 GHz, 13.6 

GHz, 14.3 GHz, 17.2 GHz and 19.3 GHz. Here fractal 

geometry on antenna is used for significant reduction in 

antenna size. Return loss at these frequencies is -30.6dB, - 

15.78dB, 20.3 dB,-15.4 dB,-17.8 dB,-17.4 dB,-13.5 dB,-

35.99 dB,-20.7 dB,-24.3 dB and -24.4 dB respectively. The 

peak gain is obtained around 5.6 dB at the frequency of 10.5 

GHz. The VSWR of the proposed antenna is also lies within 

the range of 1-2 for above frequencies. In future work this 

antenna can be notch and give better result, also implement 

the array of this fabricated antenna so the return loss will be 

increase. 
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