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Abstract— An ACS fed spiral antenna with non uniform arm 

width at 900 MHz for catheter application is presented. The 

antenna occupies an area of 18x18 mm on a substrate of 1.6 mm 

thickness and relative permittivity 4.4. Asymmetric Coplanar Strip 

(ACS) is used as feeding technique. 
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I.  INTRODUCTION  
Catheter ablation is an invasive procedure used to remove a 

faulty electrical pathway from the hearts of those who are 
suffering from cardiac arrhythmia. Arrhythmia is a condition 
characterized by irregular heartbeats induced by abnormalities 
in the patient’s heart conduction system. The procedure of 
catheter ablation involves advancing several flexible catheters 
into the patient’s blood vessels. High frequency impulse is 
imparted to defective heart tissue. By ablating the defective 
tissue, heart beat and blood circulation is regularized.  

 
The design frequency is chosen to be 900 MHz, since depth 

of penetration of tissue is larger compared to 2450 MHz; 
hence more volume of tissue can be heated. Antenna for 
microwave catheter ablation should present low return loss, 
small size and narrow bandwidth. Several type antennas have 
been studied to find out a compact and suitable antenna for 
microwave catheter ablation [1-8]. In this paper a spiral 
antenna with non uniform arm width is attempted for the 
purpose of catheter antenna at 900 MHz [9] Commercial 
software CST microwave studio is used for simulation. 

Simulated and measured results are presented in this paper. 
After checking whether antenna works properly in air medium 
experimentally, antenna is studied in blood medium at 
simulation level. 

II. ANTENNA DESIGN 
Antenna geometry is shown in figure 1.Corresponding 

dimensions are listed in figure. All the simulations are done 
with the help of commercial software CST microwave studio. 
The design is fabricated on substrate FR4-Epoxy with 
dielectric constant 4.4, tangent ratio 0.02 and thickness 1.6 
mm. 

 Asymmetric coplanar strip feeding is used to minimize the 
area of antenna [10]. The antenna has non uniform arm width 
which is optimized with the help of software. The antenna is 
of dimension 18x18 mm (0.05 times the wavelength) at its 
operating frequency. The arm width of antenna is sized down 
lengthwise and sized up breadth wise. All lengthwise arms are 
of same width, l=0.5 mm (0.01 times the wavelength). All 
breadth wise arms are varied between 1.2 mm and 1.7 mm. 
The ground plane provided is of dimension 9x2 mm. 
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Fig.1. Geometry of proposed antenna(lm=18,bm=18,bg=2,lg=9,l=0.5, 
,l2=5.5,l2=14.5,b1=1.6,b2=1.7,b3=1.2,b4=1.5,b6=1.7,,b7=5, all 

measurements in mm.) 

III. RESULTS AND DISCUSSION 
Simulated and measured reflection characteristics are 

shown in fig. 3 and 4. Simulation results of proposed antenna 
with uniform arm width at 900 MHz shows very poor 
impedance matching as shown in fig. 2. So the breadth wise 
arm width of proposed antenna is varied non- uniformly, 
keeping the length wise arm width of dimension 0.5 mm(0.003 
times guide wave length).  According to simulated results the 
antenna exhibits minimum reflection loss -22.876 dB at 
resonant frequency 918 MHz and VSWR 2:1 bandwidth 7.02 
MHz Measured result of proposed antenna shows minimum 
reflection  loss of -38.578 dB at 878.532 MHz with VSWR 2:1 
bandwidth 21 MHz  .  

All the measurements of antenna are carried out using 
Rhode and Schwarz Vector Network Analyzer. 

 

 

 

 

 

 

Fig. 2. Simulated reflection coefficients of spiral antenna with uniform arm 
width 

 

 

 

 
Fig. 3. Simulated reflection coefficients of spiral antenna with non-uniform 

arm width 

 

 
 
 
 
 
 
 
 
 
 

Fig.4. Measured reflection characteristics of proposed antenna with non-
uniform arm width.  

As per the simulated results, the directivity of antenna at 
900 MHz is 1.77dBi, as shown in fig.5. 

 

 

 

 

 

 

 

 
Fig.5. Absolute value of far field directivity of 

 proposed antenna  

The co-polarized and cross-polarized radiation pattern in 
XZ plane is given in the fig.6.  

 

 

 

 

 

 

 

 

Fig.6.co-polarised and cross polarized radiation pattern of proposed antenna in 
XZ plane. 

The co-polarised and cross-polarised radiation pattern in YZ 
plane is given in the fig.7. 
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Fig.7.co-polarised and cross polarized radiation pattern of proposed antenna in 
YZ-plane 

IV. STUDY OF ANTENNA IN BLOOD MEDIUM IN SIMULATION 
LEVEL 

The properties of antenna have to be studied in ambient 
medium of catheter application, blood. Antenna is coated with 
bio-compatible material PDMS (Poly Di-Methyl Siloxane) 
with dielectric constant 28 and loss tangent 0.00012 at 900 
MHz, before inserting in blood medium of dielectric constant 
55 at 900 MHz. All these studies are done at simulation level. 
Reflection loss characteristics of antenna are shown in figure 
8.  

 

 

 

 

 

 

 

 

Fig.8.Reflection loss characteristics of proposed antenna in blood medium 
after PDMS coating 

 

 

V. CONCLUSION 
A compact Asymmetric coplanar strip fed spiral antenna 

with non uniform arm width for 900 MHz is fabricated and 
tested. The overall dimension of antenna is only 18x18mm on 
substrate FR-4 Epoxy with relative permittivity 4.4 and 
thickness 1.6 mm. It can be concluded from figure.8 that 
dielectric constant of ambient medium of antenna increases, 
resonant frequency decreases.    

As future work the antenna can be fabricated in a flexible 
substrate which is bio compatible for the purpose of catheter 
antenna. Study in blood and heart tissue medium also has to be 
done at simulation level and in-vivo experiment level for 
flexible substrate. 
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