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Abstract - Recently, S-parameter method that is the measuring 

method of the input impedance of the balanced antenna with a 
vector network analyzer is proposed. The method requires a jig 
composed of two unbalanced feed lines such as microstrip lines. 

The jig must be calibrated to achieve accurate results especially at 
high frequencies. To remove the influence of the jig, we have 
proposed the open correction and the modified open correction. 

In this report, we examine the influence of the relative permittivity 
of the jig on the S-parameter method using the FDTD method.  

Index Terms — S-parameter method, modified open 

correction, microstrip line, dipole antenna, input impedance. 

I. INTRODUCTION 

In recent years, many wireless telecommunication services 

have spread over the world. It is known that the characteristics 

of conventional antennas, such as monopole antennas, change 

considerably when the body of the handset is touched by the 

hand. To decrease the influence of the hand, a balanced fed 

antenna is suggested [1]. Recently, the S-parameter method is 

proposed to measure the balanced impedance of the antenna 

using a jig instead of a balun, and two ports of a vector network 

analyzer (VNA) [2],[3]. Because the balun is not used, it is 

possible to measure impedance over a wide bandwidth. 

However, when measured frequency rises, it is known that 

measurement accuracy decreases because the influence of the 

jig cannot be disregarded for the measurement. To remove the 

influence of the jig from measurements of S-parameter method, 

we have examined the open correction, short correction etc. that 

use the ABCD-matrix [4]. 

In this report, to improve the measurement accuracy further, 

we examined the influence of the relative permittivity of jig 

made of microstrip line. We compare a calculated result of the 

wide-band input impedance of a dipole antenna using the S-

parameter method compensated by the modified open 

correction with the delta gap fed dipole antenna using the 

FDTD method. 

II. S-PARAMETER METHOD 

The S-parameter method is a method to obtain input 

impedance of a balanced-fed antenna by calculating measured 

S-parameters. Fig. 1 shows the dipole antenna, which is one of 

the balanced fed antennas. Using the impedance matrix of the 

two-port network, the equation for the dipole antenna is given 

by 

𝑉1 = 𝑍11𝐼1 + 𝑍12𝐼2
𝑉2 = 𝑍21𝐼1 + 𝑍22𝐼2

}.                                   (1) 

When the dipole antenna is fed by a balanced source, the 

currents that flow on the two radiation elements are 𝐼 = 𝐼1 =
−𝐼2. Because the differential voltage is 𝑉𝑑 = 𝑉1 − 𝑉2, the input 

impedance 𝑍𝑖𝑛  is expressed as follows using Z-parameter, in 

addition, it can be converted into ABCD-parameter. 

𝑍𝑖𝑛 = 𝑉𝑑 𝐼⁄ = 𝑍11 − 𝑍12 − 𝑍21 + 𝑍22

=
1

𝐶
(𝐴 − 𝐷 + 𝐴𝐷 + 𝐵𝐶 − 1)

                   (2) 

 

Fig. 1. Dipole antenna. 

Fig. 2 shows the circuit diagram with an antenna connected 

to the jig for measurement in a two-port network configuration. 

The ABCD-matrix K’ that is between the calibration planes can 

be determined by substituting the S-parameter in (3). 

K' =

[
 
 
 
 
(1 + 𝑆11)(1 − 𝑆22) + 𝑆12𝑆21

2𝑆21

(1 + 𝑆11)(1 + 𝑆22) − 𝑆12𝑆21

2𝑆21

(1 − 𝑆11)(1 − 𝑆22) − 𝑆12𝑆21

2𝑆21

(1 − 𝑆11)(1 + 𝑆22) + 𝑆12𝑆21

2𝑆21 ]
 
 
 
 

 (3) 

As shown in Fig. 2, the characteristic of jigs are included in 

the ABCD-matrix K of the antenna can be obtained by 

removing the ABCD-matrices of jig KJ1 and jig KJ2, as given 

by 

K = KJ1
-1 K' KJ2

-1 .                                      (4) 

Fig. 2. Equivalent circuit diagram of antenna with jig. 

III. COMPENSATING METHOD FOR JIG 

Open correction is the methods for determining the ABCD-

parameter of the jig KJ using the characteristic impedance and 

the input impedance at the calibration plane when the jig is 
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terminated in an open circuit [4]. In the conventional open 

correction, impedance of an open end is assumed Z=∞. Thus, 

the ABCD-matrix of the jig can be written as 

KJ =
1

√𝑍𝑂
2 − 𝑍0

2
[
𝑍𝑂 −𝑍0

2

−1 𝑍𝑂
] .                     (5) 

Where 𝑍0 is the characteristic impedance of the jig and 𝑍𝑂 is 

the input impedance at calibration plane.  

Actually, the impedance of the open end is not 𝑍 = ∞ . 

Modified open correction is the methods for determining the 

ABCD-parameter of jig KJ using an impedance at the open end 

of the transmission line. The ABCD matrix of the modified 

open correction is given by  

KJ =
1

√(𝑍2 − 𝑍0
2) − (𝑍𝑂

2 − 𝑍0
2)

[
𝑍𝑂𝑍 − 𝑍0

2 −𝑍0
2(𝑍 − 𝑍𝑂)

−(𝑍 − 𝑍𝑂) 𝑍𝑂𝑍 − 𝑍0
2 ] . (6) 

Where Z is the open end impedance of microstrip line, 𝑍0 is the 

characteristic impedance of the line, and 𝑍𝑂  is the input 

impedance at calibration plane when the line is terminated in 

an open circuit.  

IV. ANALYSIS MODEL FOR FDTD METHOD 

Fig. 3 shows the analysis model of the dipole antenna. Fig. 

3(a) is a dipole antenna with a measurement jig for the S-

parameter method. The jig is made of two microstrip lines. The 

dimensions of the dielectric substrate are 40 × 40 × 0.8 mm3. 

We examine the result of the S-parameter method, when r = 

2.15 and 5. The characteristic impedance of the microstrip line 

is 50 Ω. The dimensions of the radiation element of the dipole 

antenna is 1 × 1 × 25 mm3. The open end impedance of the 

microstrip line is also calculated using the FDTD method. Fig. 

3(b) shows a conventional dipole antenna fed by a delta gap. 

The dimensions of the radiation element is same as Fig. 3(a). 

There is a triangular metal plate between the delta gap feed and 

radiation element.  

 

   

(a) Dipole antenna with jig.                   (b) Conventional model. 

Fig. 3. Analysis model of dipole antenna. 

V. RESULTS AND DISCUSSION 

Fig. 4 shows the calculated input impedance of the dipole 

antenna. The results of the S-parameter method are compared 

with the conventional model fed by a delta gap. When r = 2.15, 

the results of the modified open correction is more agree with 

the conventional model than the open correction. On the other 

hand, when r = 5, the results of the modified open correction 

is deviated away from the conventional model. It is considered 

that there is a problem in the calculated result of the end 

impedance.  

 
(a) Resistance.  

 
(b) Reactance.  

Fig. 4. Input impedance of dipole antenna.  

VI. CONCLUSION 

In this report, to improve the measurement accuracy further, 

we examine the influence of the relative permittivity of the jig 

on the result of the S-parameter method. The input impedance 

of the dipole antenna is analyzed using FDTD method. To 

remove the influence of the jig from measurements of S-

parameter method, the open correction and the modified open 

correction are performed. Consequently, it is considered that 

there is a problem in the calculated result of the end impedance.  
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