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Abstract: A multiband printed Koch antenna integrated with 
multi-band high-impedance surface (HIS) is proposed. The 
antenna can operate at three frequencies like 11.725 GHz, 26.155 
GHz and 39.22 GHz which covers application in frequency bands 
namely X-band (8-12 GHz), K-band (18-27 GHz), and Ka-band 
(26.5-40 GHz). In order to achieve a modest design with better 
front-to-back ratio (FBR), gain, directivity and radiation 
efficiency a multi-band Hilbert split-ring HIS is presented as a 
reflector. The proposed HIS has an array of slotted square patches 
based on Hilbert curve. This arrangement provides in-phase 
reflection at the operating frequencies and can be presented as an 
artificial magnetic conductor (AMC). The antenna when 
integrated with HIS has an incorporated uniform profile thickness 
of 2 mm for different frequencies of operation. The printed Koch 
antenna is simulated, analyzed for various substrate thickness and 
is finally integrated with Hilbert split-ring HIS to obtain good 
FBR and radiation efficiency in all the three bands.  

Keywords: Multi-Band Antenna, High-Impedance Surface 
(HIS), Multi-Band HIS, Modest, Printed Koch Antenna  

I. INTRODUCTION 

In current scenario of development in antenna 
investigation for applications of wireless communication, 
multi-band antennas receive more attention [1]–[4]. Many 
fractal shapes like Hilbert, Sierpinski, Koch, Minkowski and 
Peano have been used for construction of such multi-band 
antennas [5]–[12], which established both compactness and 
multiband behavior. This survey proves the advantages of 
fractal shapes to design multi-band antennas. Fractal 
structure naturally has multiple resonances due to coupling 
between the sharp angles in its geometry and hence it 
provides different current paths leading to multi-band 
operation. 
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In antennas a planar metallic plate is used as a reflector, 
which reflects half of the backward radiation in forward 
direction and thus realizes a better front-to-back ratio. But 
when this metallic reflector ground is positioned close to the 
antenna, the image currents get cancelled due to the 
180-degree reflection phase of a perfect electric conductor 
(PEC). So, in order to achieve an interference that is 
constructive, a quarter wavelength gap between the antenna 
and metallic reflector ground plane is necessary. However, a 
multi-band antenna that operates at different frequency bands 
require different quarter-wavelength gap, which is 
complicated to be unified by using one perfectly conducting 
metallic reflector ground plane. This crisis requires a single 
reflector that can be only several tenths of wavelength from 
the radiating antenna element. The reflectors with such 
reflecting characteristics are artificial magnetic conductor 
(AMC), or electromagnetic band-gap (EBG) structures. In 
general, the arrangement of periodic metallic unit cells 
realizes EBG structures. This arrangement makes them to 
perform exclusive characteristics like in-phase reflection 
which in turn suppresses surface waves. Due to their distinct 
characteristics, the HIS and EBG structures have been widely 
used [13]–[19]. 

In this paper, a printed Koch antenna is designed to 
provide multi-band operation. The antenna operates in 
X-band, K-band, and Ka-band and hence can be used for 
applications on those bands. In order to achieve better 
performance in all the three bands with a modest and unified 
substrate thickness, a multi-band Hilbert split-ring HIS is 
projected as an AMC reflector, which has etched Hilbert 
curve slots on an array of square patches. Parametric analysis 
and studies have been performed to obtain the characteristic 
properties of the multi-band Hilbert split-ring HIS structure. 
Also, the multi-band printed Koch antenna with metallic 
reflectors at different spacing from antenna i.e. 7 mm for 
X-band, 4 mm for K-band and 2 mm for Ka-band are 
analyzed. The multi-band printed Koch antenna integrated 
with Hilbert split-ring HIS with an incorporated profile of 
3.85 mm shows better performance when compared to the 
antenna placed at different gaps from PEC. The prototype of 
printed Koch antenna with substrate thickness of 2 mm is 
simulated and measured to validate the design.  

II.  DESIGN OF PRINTED KOCH ANTENNA 

The design structure of the proposed printed Koch antenna 
is portrayed as in Fig. 1. The proposed Koch fractal antenna 
undergoes two iterations and there occurs increment in input 
resistance of antenna which in turn reduces the resonant 
frequency. This is due to the increase in length of the fractal 
segment due to iterations.  
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The length of the Koch fractal can be obtained [20] using 
the formula as in (1) 

       
                 

 

(1) 
Where, PL is the length, PW is the Koch height and n is the 
number of iterations. 

The proposed antenna uses a microstrip line feed of feed 
length FL= 1.7 mm and feed width FW= 0.5 mm. As 
illustrated in Fig. 1(a), the width (Ws) and length (Ls) of the 
ground plane is taken as 8 mm, PW=7.5 mm, n=2 and 
PL=13.3 mm. of printed Koch antenna with substrate 
thickness of 2 mm is simulated and measured to validate the 
design. 
 

 
Fig.1. Design of Printed Koch Antenna 

 

 
Fig.2. Design of Printed Koch Antenna integrated with 

Hilbert Split Ring. 
 

     In order to get a better FBR, a ground plane is placed 
below the antenna substrate. However, if a metallic planar 
reflector is used as a ground plane, a minimum thickness of 
quarter wavelength is required. So, different substrate 
thicknesses are required for the multi-band printed Koch 
antenna to operate at different operational frequency bands. 
The thickness is 2 mm at Ka-band, 4 mm at K-band and 7 mm 
at X-band. To achieve a unified modest design, this paper 
presents integration of the printed Koch antenna with 
multi-band HIS as reflector as shown in Fig. 2. The 
multi-band HIS has multiple in-phase reflections 
corresponding to X-, K- and Ka-bands. 
 
 

III. DESIGN OF MULTI BAND HILBERT SPLIT     

RING (HIS) STRUCTURE 

The design structure of multi-band Hilbert split-ring HIS is 
portrayed in Fig. 3, which on top of the substrate consists of 2 
X 2 array of Hilbert split-ring slotted square metal patches 
and on its bottom a planar reflective metal sheet. They are 
arranged periodically with equal gaps and substrate 
thickness, and can be perceived as a mushroom-like EBG but 
without via. Etching a Hilbert based split-ring curve on the 
square metal patch unit produces multiple in-phase reflection 
bands. As portrayed in Fig. 3, W is the square patch width, N 
is the outer frame width of the square patch, S is the space 
between two splits, t is the height of substrate, and is the 
dielectric substrate’s permittivity. The Hilbert split-ring HIS 
design values are calculated and obtained as follows: W=3.5 
mm, G=1 mm, N= 0.25 mm, t=1.6 mm, S= 1 mm and .  

 
Fig.3. Geometry of Hilbert Split Ring. 

The EBG/HIS structure can be characterized by means 
of a parallel LC resonator circuit [17] with a resonant 
frequency . The square patch with Hilbert curve 

based split-ring results in the surface current path length 
deviation, which provides inductance L as depicted in (2). 
The gap or spacing between two Hilbert split-ring unit cells 
in the proposed HIS array provides capacitance C as given in 
(3).  
     
                                                 
 (2) 
                                                                                                                               

                                            (3) 

The simulation and analysis were performed using 
ANSYS HFSS (Ver.17). The Hilbert split-ring EBG surface 
cancels the image currents and reflects everything at eight 
frequencies namely 13.6 GHz, 18.3 GHz, 22.5 GHz, 23.9 
GHz, 26.4 GHz, 27 GHz, 28 GHz and 37.6 GHz. At these 
frequencies there occurs abrupt change in reflection phase 
from positive to negative that adds as special frequencies for 
the structure. At 15.3 GHz, it transmits the entire incident 
wave that hits the surface. Fig. 4 shows the reflection, 
transmission and reflection phase characteristics of the 
Hilbert split-ring HIS structure.  
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(a) 

 
(b) 

Fig.4. (a) Reflection coefficient and Transmission 
coefficient of Hilbert Split Ring HIS (b) Phase of 

Reflection - Hilbert Split Ring HIS 

 

 The gap (G) or spacing between the proposed unit cells 
provides capacitance and its reflection characteristics are 
analyzed by varying G from 0.5 to 1.5 mm and keeping the 
height of substrate (t) as constant as in Table 1. The 
frequency shifts to higher frequency band on increasing G. 
This is due to the decrease in the capacitance value (C) due to 
change in gap. The height of substrate (t) provides inductance 
and its reflection characteristics are analyzed by varying t 
from 0.8 to 2.4 mm and keeping gap (G) as constant as in 
Table 2. The frequency shifts to lower frequency band on 
increasing t. This is due to the increase in the inductance 
value (L) due to change in height of substrate.   

IV.   RESULT AND DISCUSSIONS 

The radiation characteristics of the printed Koch antenna are 

analyzed by placing it over a metallic reflector ground plane 
with different height of substrate like 7 mm for X-band, 4 mm 
for K-band and 2 mm for Ka-band as shown in Fig.5. But in 
real scenario the substrate thickness cannot be varied and 
hence a unified profile thickness is always preferable.  So, the 
printed Koch antenna is integrated with Hilbert split-ring HIS 
in order to provide unified profile thickness with improved 

radiation characteristics at all the three bands.  

A. Printed Koch antenna with PEC Ground 

 
(a) 

 
(b) 

 
(c) 

Fig.5. Return Loss of Printed Koch Antenna With PEC at 
different substrate thickness  (a) 7 mm, (b) 4 mm, (c) 2 

mm. 
 

The far field radiation parameters are first analyzed by 
placing the printed Koch antenna over a metallic reflector 
ground plane with different height of substrate like 7 mm for 
X-band, 4 mm for K-band and 2 mm for Ka-band. 
NIL radiation is usually provided by infinite ground planes in 
backward direction. But we require finite space antenna 
element from metallic reflector ground plane in real scenario. 
Due to this, multipath lobes and nulls are formed at various 
angles from the edges of ground plane. This reduces the gain 
and directivity of the proposed antenna due to the wastage of 
power in the backward direction. Due to poor FBR there 
occurs backward radiation as shown in Fig. 6. 
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(a) 

 
(b) 

 
(c) 

Fig.6. Radiation Pattern of proposed Printed Koch 
Antenna with PEC at different substrate thickness (a) 7 

mm, (b) 4 mm, (c) 2 mm 
 

B. Printed Koch Antenna with Hilbert Split-Ring HIS 

Previous analyses show that the multi-band printed Koch 
antenna needs different heights of substrate for different 
bands if a metallic planar reflector ground is selected for 
single direction radiation. Here, a unified substrate thickness 
of 2 mm for all the three bands by using a Hilbert split-ring 
HIS structure is used as a ground plane. According to the 
analysis shown in Fig. 7 and Fig. 8, the printed Koch antenna 
operates well with 2 mm distance in all the three bands, due 
to the reflection in in-phase by HIS in X-, K- and Ka-band. 
Hilbert split-ring HIS structure provides high surface 

impedances due to inductance and capacitance effect. This in 
turn suppresses surface wave at the desired frequency band 
and thereby improves gain, FBR, directivity, and radiation 
efficiency. 

 
Fig.7. Return Loss of Printed Koch Antenna with Hilbert 

Split-Ring HIS 
 

 
Fig.8. Radiation Pattern of Printed Koch Antenna with 

Hilbert Split-Ring HIS 
 

From Table 3 it is observed that there is improvement in 
gain by 2 dBi and in directivity by 1.7 dBi for the proposed 
printed Koch antenna integrated with Hilbert split-ring HIS 
structure when compared to printed Koch antenna with 
metallic planar reflector ground plane over a finite distance of 
2 mm.  

Printed Koch antenna integrated with PEC provides 
resonance only if they are placed at the corresponding quarter 
wavelength distance for all the three bands. FBR of the 
printed Koch antenna improves tremendously by two times 
when it is backed with HIS. Also, there is a 20% 
improvement in radiation efficiency of the antenna integrated 
with HIS. On the whole, the printed Koch antenna integrated 
with Hilbert split-ring HIS shows improvement in gain and 
directivity with a good FBR and radiation efficiency. 
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Table 3: Comparative Analysis of Radiation Properties of 
Printed Koch Antenna over PEC and Hilbert Split-Ring 

HIS  

 

V. CONCLUSION AND FUTURE ENHANCEMENT 

A multiband printed Koch antenna integrated with Hilbert 
split-ring electromagnetic band gap structure is proposed. 
The antenna can operate at three frequencies like 11.725 
GHz, 26.155 GHz and 39.22 GHz which covers application 
in frequency bands namely X-band (8-12 GHz), K-band 
(18-27 GHz), and Ka-band (26.5-40 GHz). In order to 
achieve a modest design with better front-to-back ratio 
(FBR), gain, directivity and radiation efficiency a multi-band 
Hilbert split-ring HIS is presented as a reflector. The antenna 
when integrated with HIS has an incorporated uniform 
profile thickness of 2 mm for different frequencies of 
operation. The printed Koch antenna is simulated, analyzed 
for various substrate thickness and is finally integrated with 
Hilbert split-ring HIS to obtain good FBR and radiation 
efficiency in all the three bands. Introducing switches in HIS 
for frequency reconfiguration can further extend this work.  
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