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Abstract ─ Design and analysis of a printed 
prototype of an S-shape slotted patch antenna for 
16.8 GHz Ku band application is proposed in this 
paper. The proposed miniaturized S-shape patch 
antenna has been designed and analyzed by using 
market available Ansoft high frequency 
electromagnetic simulator and fabricated on a 
printed circuit board. The measured -10 db return 
loss bandwidth ranges from 15.35 GHz to 19.65 
GHz (25.59 %) with achieved gain of 6.2 dBi at 
the resonant frequency 16.8 GHz. A radiation 
efficiency of 88.2 % and 80° (320°-40°) 3 dB 
beam width has been testified. The symmetric and 
almost steady radiation pattern of the proposed 
antenna has been made suitable for the frequency 
range from 15.35 GHz to 19.65 GHz. 
Furthermore, the current distribution over the 
radiating patch is examined and a parametric study 
of the ground plane size has been conducted in this 
study. 
  
Index Terms ─ Anechoic measurement chamber, 
finite element method, printed circuit board, 
microstrip patch antenna, and wideband. 
 

I. INTRODUCTION 
With the rapid growth of wireless technology 

antenna miniaturization has become a vital 
concern for the development of compact 
communication terminal [1-3]. Nowadays, all 
electronic communication devices are compulsory 

to be compact, smaller size, lightweight, and low 
cost with multiband operation capability [4-7]. 
Antennas are needed to be small enough to be 
integrated with compact communication module. 
Due to low profile, low cost, easy integration, and 
manufacturability; the demand of planar 
microstrip patch antenna has been increased to be 
integrated with more than one communication 
system into a compact module [8-12]. In order to 
design such small multifunctional wireless 
devices, antenna modules are required to be 
miniaturized accordingly [13-15]. To design 
miniaturized patch antennas for multiband 
operation, radiation efficiency, wide bandwidth, 
low manufacturing cost, steady radiation patterns, 
and consistent gain are required to be taken in to 
account. A number of studies on multiband 
antenna design have been reported, including 
DNG ZOR based antenna for multiband operation 
[16], switch fed reconfigurable antenna structure 
[17], flat-plate inverted-F antenna [18], step-
shaped microstrip line fed printed monopole slot 
antenna [19], and folded 3D monopole multiband 
antenna [20].  

A considerable amount of research effort has 
been given to design small antennas for Ku/K 
band applications. Due to scarcity of the 
bandwidth in lower bands and availability in 
higher band, Ku/K band has become very popular 
for radar applications. Recently, numerous small 
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patch antennas are investigated for Ku/K band 
applications. A comprehensive analysis of MIMO 
SAR, virtual antenna has been done [21], 
wideband EBG antenna using double-layer 
frequency selective surfaces [22], an active phased 
array antenna for Ku-Band for mobile satellite 
[23], linearly polarized omnidirectional planar 
filtenna Ku-band [24], dual-polarized low-profile 
hemispherical luneburg lens antennas [25] etc.   

An 8×10 mm2 S-shape planar microstrip line 
fed slotted patch antenna has designed and 
configured for Ku/K band SAR remote sensing 
applications. The designed antenna has been 
fabricated on a printed circuit board (PCB). The 
low cost, long lasting, market available 1.5 mm 
thick FR4 material used as antenna substrate with 
dielectric constant (εr) of 4.6. The proposed 
antenna has been measured in far field 
environment and measured -10 dB return loss 
bandwidth 4.3 GHz from 15.35 GHz to 19.65 GHz 
with peak gain 8.77 dBi and 90.8 % of radiation 
efficiency. The symmetric and nearly steady and 
omnidirectional radiation pattern has also been 
measured. Furthermore, the effects of the length of 
ground plane have analyzed.       
 
II. PROPOSED ANTENNA DESIGN AND 

CONFIGURATION 
The proposed S-shape antenna has been 

designed and analyzed by using finite element 
method (FEM) based market available high 
frequency electromagnetic simulator [26-27]. 
Figure 1 shows the schematic diagram of the 
proposed antenna design geometry. S-shape is 
obtained by cutting slots from the rectangle plate. 
The design of the microstrip radiating patch 
element of the proposed antenna comprises of the 
configuration of its dimensions. The basic idea of 
the patch dimension was taken from the 
established mathematical formulation [27]. 
Although, the available mathematical modeling is 
based on the conventional rectangular patch for 
the slotted S-shape radiating patch the dimension 
is determined using test and modify method, 
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In the above equations (1) and (2), W is the 
width and L is the length of the patch, f0 is the 
center resonant frequency, c is the speed of light in 
vacuum. The effective dielectric constant can be 
calculated by using the following equation [27], 
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where εr is the relative dielectric constant and h is 
the thickness of the substrate. Due to the fringing 
field around the periphery of the patch, the 
antenna electrically looks larger than its physical 
dimensions. The increment to the length, Δl due to 
the fringing field and can be expressed as [28], 
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Fig. 1. Schematic diagram of the proposed 
antenna. 
 

The patch width (W) has a minor effect on the 
resonance and it has been determined by using the 
mathematical modeling [29]. The length of the 
radiating patch (L), location of the feeding point 
and the slots has a dominant effect on the 
resonance. The length of the patch (L) is 0.44 λ 
and the width (W) is 0.56 λ, where λ is the 
corresponding wavelength at the resonance 16.8 
GHz. By carefully tuning the dimension and 
location of the two 2.5×1.5 mm2 slots the desired 
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frequency band has been determined. The 
photograph of the proposed antenna prototype is 
shown in Fig. 2. A 2 mm long 1 mm wide 
microstrip line has been used for the feeding to 
meet the 50 ohm impedance characteristics. An 
SMA connector has been used at the end of the 
microstrip feed line for excitation. 

 
 

(a)                                   (b)  
 

Fig. 2. Printed prototype (a) patch and (b) ground 
plane of the proposed antenna. 
 

The proposed antenna is modeled as resistors 
with a standard 50 Ω, when designing the interface 
circuits at the operating frequencies. Figure 3 has 
illustrated the equivalent RLC circuit model of the 
proposed antenna. For equivalent circuit 
configurations such as the C- and Π- network 
topologies, for which the circuit branch functions 
are uniquely given in terms of the associated 
network parameters, each branch can be separately 
augmented by parallel and series branch elements. 
The Z-parameter responses of this antenna are 
obtained using IE3D EM simulator based on 
method of moments (MoM) and from the 
equivalent circuit modeling using only a single 
augmentation. A satisfactory agreement is also 
observed between SPICE and MoM simulations at 
the resonant frequencies. The RLC parameter is 
frequency dependent, the resonant frequencies 
have been determined by a conducting element L. 
The circuit parameters are R1 = 704.031 Ohm, R2 
= 122.382 Ohm, R3 = 36.411 Ohm, C1 = 0.0516 
PF, C2 = 0.0809 PF, C3 = 0.477 PF, and L = 

0.0335 nH. The circuit shows high pass filter 
characteristics without inductor L. The resonant 
frequency has been determined by a conducting 
element L.    

 
 
Fig. 3. Equivalent RLC circuit of the proposed 
antenna.  

III. RESULTS AND ANALYSIS 

The results of the proposed antenna prototype 
have been measured in a rectangular shape 5.5 m × 
5 m × 3.5 m anechoic measurement chamber.  A 
double ridge guide horn antenna is used as a 
reference antenna. The photograph of the anechoic 
measurement chamber is shown in Fig. 4. 
Pyramidal shape electrically-thick foam absorber 
with less than -60 dB reflectivity at normal 
incidence is used on the wall, ceiling, and floor. A 
turn table of 1.2 m diameter is used to rotate the 
measuring antenna with specification, 1 rpm 
rotation speed; 360o rotation angle connected with 
a 10 meter cable between controllers. An Agilent 
vector network analyzer (VNA) range up to 20 
GHz is used for measurement procedures.  

 
 

Fig. 4. Illustration of the anechoic measurement 
chamber. 
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The return loss of the proposed antenna with 
three different lengths of the ground plane is 
shown in Fig. 5. It can be clearly seen that, the 
return loss value is much lower and a wider 
bandwidth is achieved from the proposed antenna 
with 4.5 × 2 mm2 ground plane. The simulated and 
measured return loss of the proposed antenna is 
shown in Fig. 6. It can be observed from the graph 
that, 4.3 GHz (15.35 GHz  19.65 GHz) -10 dB 
bandwidth has been measured from the proposed 
antenna prototype. The measured bandwidth 
covers 2.65 GHz of Ku band and 1.65 GHz of K 
band. Figure 7 shows the achieved radiation 
efficiency and gain of the proposed antenna. The 
average gain of the proposed antenna is 5.39 dBi 
and the average radiation efficiency is 88.25 %, 
which have been obtained over the entire 
operating frequency from 15.35 GHz to 19.65 
GHz. A 6.20 dBi gain with 88.21 % radiation 
efficiency has been achieved at the of 16.8 GHz.          

 
 

Fig. 5. Return loss of the antenna with four 
different ground plane sizes. 

 

 
 

Fig. 6. Simulated and measured return loss of the 
proposed antenna. 

The simulated and measured radiation pattern 
of the proposed antenna prototype are shown in 
Fig. 8. The measured 3 dB beam width 80° (320°-
40°) can be clearly seen from the E-plane radiation 
pattern. It can also be observed from the radiation 
pattern, that the proposed antenna can operate as 
omnidirectional. In both radiation pattern of E- 
and H-planes, the cross-polar effect is much lower 
than the co-polar effect, which is desired. The 
measured co-polar value is not less than -10 dB 
from 290° to 90°, from 160° to 210° in E-plane and 
in H-plane from 260° to 80° and from 190° to 240°. 
The symmetric and almost steady radiation pattern 
makes the proposed antenna suitable for smooth 
operation in part of the K/Ku band application. 
 

 
 

Fig. 7. Gain and efficiency of the proposed 
antenna. 

 
Table 1: Comparison between the proposed 
antenna and some existing antennas. 

Author 
Propo

sed 
[30] [31] [32] 

Frequency 
(GHz)

16.8 2.08 2.0 1.309 

Size (mm2) 20x14 79x38 58x58 40x40 
Bandwidth 

(GHz)
4.3 0.440 1.03 0.009 

Gain (dBi) 6.2 9.5 9.3 1.9 
 

The current distribution along the radiating 
patch is shown in Fig. 9. The current flows 
stronger near the feeding point and around the 
cutting edge and weaker in the upper side farthest 
from the feed line. Comparison between the 
proposed antenna and some existing antennas is 
shown in Table 1. It can be clearly seen that, the 
proposed antenna is smaller in size with wider 
bandwidth and high gain. Conversely, some of 
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reported antennas achieved higher gain 
compromising the overall size. These antennas 
would need bigger space to be integrated with 
small devices, which is not preferred. 

 
 

 

Fig. 8. E- and H-planes radiation pattern of the 
proposed antenna. 

IV. CONCLUSION 
A 0.44 λ × 0.56 λ microstrip line fed S-shape 

electrically small patch antenna has been designed, 
analyzed, and measured in this paper. The 
proposed slotted patch antenna has been fabricated 
on a 1.6 mm thick commonly available FR4 

substrate. A parametric study of the proposed 
antenna has been conducted with four different 
lengths of ground plane and an optimized 
dimension is chosen. The measured -10 dB return 
loss bandwidth 4.3 GHz operating frequency from 
15.35 GHz to 19.65 GHz with maximum gain 8.77 
dBi of the proposed antenna prototype. The 
measured bandwidth covers 2.65 GHz of Ku band 
and 1.65 GHz of K band. The radiation efficiency 
of 88.21 % and gain 6.20 dBi has been achieved at 
the resonant frequency 16.8 GHz. The proposed 
antenna shows the omnidirectional pattern of a 
steady radiation characteristics. 

 
 

Fig. 9. Current distribution along the radiating 
patch of the proposed antenna. 
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