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Abstract
One of the advantages of microstrip patches over conventional 
antennas is their small size. However, there are many present 
day applications where even these small radiators are too large. 
A microstrip antenna incorporated with a single shorting pin 
is found to provide reduction in overall area with respect to 
a conventional patch. The compact circular polarized patch 
antennas can be achieved by slot loading on patch. In this 
paper the review on various techniques of compactness by pin 
and slot loading on microstrip antenna are presented which 
are reported on literatures.
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I. Introduction
Microstrip patch antenna has many advantages like low 
cost, compact size, simple structure and compatibility with 
integrated circuitry. It has tremendous applications in military, 
radar systems, mobile communications, global positioning 
system (GPS), remote sensing etc. In this paper  review on 
various techniques of compactness by pin and slot loading 
on microstrip antenna are presented. A microstrip antenna 
incorporated with a single shorting post at proper position and 
size is found to provide reduction in overall area with respect 
to a conventional patch antenna. Also, the compact circular 
polarized patch antennas can be achieved by slot loading on 
patch. The load of the slots or slits in the radiating patch can  
cause meandering of the excited patch  surface current paths 
and result in lowering of the resonant frequency of the antenna,  
which  corresponds  to  a  reduced  antenna  size  for  such 
an antenna, compared to a conventional circularly polarised 
microstrip antenna at the same operating frequency.

II. Review 
The review work on the design of compact microstrip antenna 
is divided into two part a. compactness due to pin loading 
techniques b. Compactness due to slot loading technique.

A. Compactness due to pin loading technique
The compactness in microstrip antenna can be achieved by 
pin loading techniques. Some the literatures reported on pin 
loading techniques are presented. In 1994, M. Sanad [1] 
presented effect of the shorting posts on microstrip antennas. 
He demonstrated that by changing the number of shorting posts 
and the relative position of the posts, the resonant frequency 
of the shorted microstrip antenna could be adjusted. In 1995, 
R. Waterhouse [2] reported a probe fed circular microstrip 
antenna incorporating a shorting post that reduced the overall 
patch area significantly.  The proposed antenna is shown in fig. 
1(a) and 1 (b). In 1996, R. B. Waterhouse and S. D. Targonski 
[3] presented two more probe-fed compact circular patch 
antennas embedded with single shorting posts. Comparisons 
were made between the antennas designed and conventional 
circular patch radiators.

  
Fig. 1: Geometry of the circular patch with a shorting post (top 
and side view). (Fig. from [2])

In 1997, R. B. Waterhouse and others [4] investigated various 
techniques to improve the performance of microstrip patch 
antenna short-circuited to its size. Fig.2 shows their schematic 
of the balanced feed shorted patch where two feeds were 
excited 1800 out of phase. 

Fig. 2: Schematic of a balanced shorted microstrip patch. (Fig. 
from [4])                

In 1998, R. B. Waterhouse et al [5] investigated electrically 
small patch antennas incorporating shorting posts for mobile 
communications handsets. Again, in 1998, R. B. Waterhouse 
et al [6] designed and tested one more novel shorted patch 
antenna. They reported new techniques to obtain greater 
bandwidth and better tolerance. In 2010, S. K. Sharma and 
M. Rattan [7] investigated area minimization by shorting wall 
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and shorting pin techniques. They achieved area reduction of 
70% and 77% for square patch antennas by using wall and pin 
respectively. In 2010, L. Lolit Kumar Singh et al (Author) [8] 
presented a small shorted square microstrip antenna with air 
dielectric (εr = 1.001) substrate is presented. The probe fed 
square microstrip antenna incorporates a single shorting post 
of radius 0.6mm which significantly reduces the overall size or 
area by 82% from a conventional square microstrip antenna of 
same substrate and height. After connecting a shorting post 
55% reduction in resonant frequency is achieved for the same 
square patch. Again, in the same year author [9] investigated 
on effects of different shorting post position on shorted 
microstrip antenna characteristics to achieve compactness. 
After connecting a shorting post about 81% and 48% reduction 
in resonant frequency is achieved in square and circular patch 
respectively. The geometry of the antennas are shown in fig. 
3 (a) & 3 (b).    

                               (a) 

                  (b)
Fig. 3 : Geometry of shorted a. Square patch antenna b. cirular 
patch antenna (Fig. from [9])

B. Compactness due to slot loading technique
The compactness in circularly polarised microstrip antenna 
can be achieved due to slot loading techniques. Some the 
literatures reported on slot loading techniques are presented. 
In 1996, Hisao Iwasaki [10] proposed a new circularly polarized 
small-size microstrip antenna using proximity coupled feed. 
His configuration was based on excitation of a circular patch 
through cross slot with unequal slot lengths. Their measured 
results showed that the radius was reduced by about 36%. The 
developed antenna configuration is given in fig. 4.

Fig. 4: Configuration of the proposed patch antenna. (Fig. from 
[10]).

In 1977, Kin-Lu Wong and Jian-Yi Wu [11] designed a single-
feed small microstrip antenna with Circularly Polarized (CP) 
radiation. They had reported that the centre frequency changed 
from 2318 MHz to 1849 MHz when slits were introduced on 
patch. The reported antenna is shown in fig. 5.

Fig. 5: Geometry of reduced-size square microstrip antenna 
with slits for CP radiation (Top and side view). (Fig. from [11])

In 1998, Wen-Shyang Chen and others [12] obtained a 
single-feed compact circularly polarised microstrip antenna 
by embedding four bent slots in a corner-truncated square 
microstrip patch. Their results showed that, along with CP 
operation, the antenna size reduced by more than 50% as 
compared to the conventional CP antenna design. The reported 
antenna is shown in fig. 6.

Fig. 6: Geometry of proposed compact circularly polarized 
comer-truncated square microstrip antenna with four bent 
slots (top and side view). (Fig. from [12])
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In 1998, Chih-Yu Huang and others [13] designed another high 
gain, small microstrip antenna with CP radiation. The small 
size of the microstrip antenna results from both the high-
permittivity superstrate loading and the slits cut in the patch. 
The antenna gain is also enhanced by setting the superstrate 
thickness at about one-quarter of the wavelength. With their 
designed antenna, size reduced by more than 30% and gain 
was increased by 5.2dB compared to the conventional CP 
antenna. The proposed antenna is shown in fig.7.

Fig. 7: Geometry of the high gain CP antenna (top and side 
view). (Fig. from [13])

In 1999, Wen-Shyang Chen [14] presented a peripherally cut 
circular microstrip antenna with an equal length of cross slot 
and another corner truncated square microstrip antenna with 
four bent slots. The reported antennas are shown in Figs. 8 
(a, b) respectively.

   
  (a)  

   (b)
Fig. 8: a. circular microstrip antenna with a cross slot and 
peripheral cuts b. Square microstrip antenna with four bent 
slots and truncated corners. (Fig. from [8])

In 2001, Wen-Shyang Chen and others [15], investigated CP 
operation of the square patch antenna with four slits and a 
pair of truncated corners. Their measured results showed that 
the reported compact CP design could have an antenna size 
reduction of about 36% as compared to the conventional CP 
antenna. The geometry of the antenna is shown in fig. 9.

Fig. 9: Geometry of the compact circularly polarized square 
microstrip antenna with four slits and a pair of truncated 
corners (top and side view). (Fig. from [15])

Fig. 10: Geometry of compact circularly polarised, corner-
truncated microstrip antenna with slotted ground plane (top, 
side and ground plane view). (Fig. from [16])
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In 2002, H. D. Chen [16] reported yet another compact CP 
microstrip antenna with a slotted ground plane. The reported 
antenna could perform CP operation with a reduced antenna 
size at a fixed operating frequency. The geometry of the antenna 
is shown in fig. 10.

In 2009, C. C. Chen et al [17] designed a novel compact 
quad band narrow slit loaded printed monopole antenna. 
Compactness of the proposed antenna is due to the loading 
by a narrow parasitic strip surrounding the patch. In 2009, 
T. Debogovic and J. Bartolic [18] presented a pattern 
reconfigurable compact patch antenna in the same year. Their 
antenna consisted of a capacitively fed annular ring microstrip 
antenna shorted on its edges using pin diodes. In 2010, Yipeng 
Fan and others [19] designed yet another compact microstrip 
antenna by using a finite U-shaped ground plane. With their 
design, resonant frequency reduction of 19.7% was obtained. 
In 2010, A. Hassan and others [20] also designed a compact 
dual circularly polarized microstrip antenna. Their antenna 
was fabricated on RT/Duroid 6010 LM substrate achieving 
a patch length reduction of about 38.6% at the expense of 
impedance bandwidth reduction to 19 MHz only. Recently in 
2011, Wen-Shan Chen and others [21] reported a compact 
printed monopole antenna for WLAN applications, as shown 
in fig. 11 (a) & 11 (b).

Fig. 11: Geometry of the proposed antenna a. Top side b. 
Bottom side. (Figs. from [21])

In 2011, Nasimuddin and others [22] developed four compact 
asymmetric slit microstrip antennas for circular polarization. 
The prototype of one such antenna is shown in fig. 12 (a, b).

         (a)

         (b)
Fig. 12: Proposed asymmetric-slit compact CP microstrip 
antenna  a. cross-sectional view   b. top view. (Fig. from [22])

By cutting asymmetrical slits along diagonals onto the square 
microstrip patch, different single coaxial-feed microstrip 
antennas were realized for circularly polarized   radiation with 
compact antenna size.
Some of the authors did not even mention the amount of size 
reduction achieved. 

III. Conclusion
From this review, it is understood that many efforts are going 
on to overcome some of the limitations of conventional 
microstrip antenna characteristics. This review work is done 
on some certain critical issues like compactness implemented 
through different techniques. Nevertheless, as regards this 
issue, useful solutions are still few in number and the solutions 
often suffer from other problems like distortion of radiation 
patterns, complexity of structure, reduction of gain etc. Hence, 
the author feels that further research is seriously needed in 
these areas. 
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