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Abstract  The communication performance between reader and transponder in ultra-high frequency (UHF) radio frequency 

identification (RFID) strongly depends on the matching between the chip in absorbing state and the antenna of the transponder 

(tag). In this contribution a measurement method is introduced to determine the tag antenna input impedance versus frequency 

using imaging theory. Additionally, the influence of the relative permittivity of the substrate on the impedance of the printed 

antenna is demonstrated, highlighting the importance of understanding the dielectric constant of the substrate in the design of 

UHF RFID tag antennas. 
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1. Introduction 

Ultra-high frequency (UHF) radio frequency 

identification (RFID) is a wireless identification system 

used for power and data transmission [1]. It consists of a 

reader and a transponder (tag), where power and data 

transfer from the reader is carried out through wireless 

communication using electromagnetic fields [2]. 

Particularly, in passive RFID, the tag does not have its own 

power supply, so all the power required for its operation 

must be supplied by the electromagnetic field emitted from 

the reader. 

An RFID tag is composed of an antenna and a chip. The 

chip functions as a switch that alternates between two 

impedance states to match or mismatch with the antenna 

[3]. In the matched impedance state, impedance matching 

occurs between the chip and the antenna, allowing the 

power received from the reader to be absorbed. In the 

mismatched impedance state, the impedance mismatch 

results in power reflection. These modes are controlled to 

achieve modulated backscattering reference. 

Therefore, the impedance matching between the chip and 

the antenna in the absorbing state significantly affects the 

communication performance between the reader and the 

tag. To maximize the power transferred to the internal 

circuit of the chip, the antenna-chip power transmission 

coefficient 𝜏 at the antenna-chip interface must approach 

one at the operating frequency. 𝜏 is defined by: 

𝜏 =
4𝑅𝐴𝑏𝑠𝑅𝐴𝑛𝑡

|𝑍𝐴𝑏𝑠 + 𝑍𝐴𝑛𝑡|2
(1) 

where  𝑍𝐴𝑏𝑠 , 𝑍𝐴𝑛𝑡  are the input impedance of the chip in 

absorbing state and the antenna, and  𝑅𝐴𝑏𝑠, 𝑅𝐴𝑛𝑡 are their 

resistances [4][5]. Since the chip impedance cannot be 

arbitrarily selected due to ship design constraints, the 

antenna design must take the chip's impedance into 

consideration. 
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In this paper, a T-matched dipole antenna [4] is newly 

designed for a specific chip device, and the antenna input 

impedance is investigated via simulation using the finite 

element method (FEM) with Ansys' three-dimensional 

high-frequency electromagnetic simulator (HFSS) and 

measured versus frequency using imaging theory [6][7].  

2. Tag Antenna Design 

The RFID tag chip used in this work is from the Impinj 

M700 series [8]. The chip input impedance in absorbing 

mode is 𝑍𝐴𝑏𝑠 = (11.3 − 𝑗177.3) Ω, at 864 MHz based on the 

chip equivalent circuit [8].  

A T-matched dipole antenna was designed that better 

matches the chip at 864 MHz using HFSS printed on FR-4 

substrate with a thickness of 1.6 mm. The dimensions 

obtained by simulation can be seen in Figure 1(a) and (b). 

The antenna input impedance is 𝑍𝐴𝑛𝑡 = (18.85 + 𝑗173.21) Ω 

at 864 MHz. The corresponding transmission efficient is 

𝜏 = 0.9 at 864 MHz, so it can be concluded that the power 

flowing into the chip's internal circuitry is maximized at the 

operating frequency. 

Next, a substrate with unknown relative permittivity in 

the lab was used to estimate the relative permittivity of the 

substrate based on simulation. We used a random substrate 

with the sickness of 1.6 mm and designed an antenna with 

the same dimensions as in Figure 1 (a) and (b) (shown by 

Figure 1(c)). 

 

(a) Top view 

 
(b) Side view 

 

 

(c) Antenna prototype 

 

Figure 1. Antenna model 

3. Impedance Measurement 

Imaging theory is a method of splitting a dipole antenna 

into two symmetrical parts and measuring the impedance 

by treating them as monopole antennas [9]. A monopole 

antenna is placed on a conductive plate (ground plane) that 

can be considered to be infinitely large. An unbalanced 

monopole antenna can be considered to be a balanced dipole 

antenna by using the base plate. Therefore, the impedance 

of the monopole antenna measured by this method is half 

that of the dipole antenna being measured. 

For verification, the input impedance of the prototyped 

tag antenna is measured versus frequency. Figure 2 shows 

the measurement setup. The antenna was created 

according to the dimensions in Figure 2 and cut along the 

center of the feed line. The antenna was set on an 

aluminum plate that was sufficiently larger than half the 

wavelength, and a hole was made in the area where the 

antenna feed section was connected. The size of the ground 

plane is verified in detail in [9] and [10].  An SMA 

connector was passed through from the back and soldered 
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to the antenna. The inner conductor of SMA connected to 

the antenna, and the outer conductor connected to the 

ground plane. With a vector network analyzer (VNA: 

Anritsu MS46524B), the reflection coefficient at the input 

of the antenna is measured. 

 

 

 

 

(a) Bird view 

 

 

(b) Side view 

 

 
(c) Measurement setup in lab 

Figure 2. Measurement setup 

 

 

A calibration was performed based on Short-Open-Load-

Through calibration kit (Anritsu TOSLKF50A-20) at the 

coaxial cable connected to the VNA. Then, the 

measurement reference plane was shifted by attaching the 

same type of SMA connector to the cable and short-circuit 

the inner conductor with aluminum foil.  

In Figure 3 measurement and simulation results of the 

antenna’s input impedance versus frequency 𝑓  are 

depicted. As shown in Figure 3, the antenna impedance 

measurement results generally match the simulation 

results at low frequencies, but at high frequencies, the 

frequency characteristics shifted toward the high-

frequency side. In other words, the resonance frequency is 

higher in measurement than simulation. Although there is 

a shift, the general shape of the impedance graph is 

consistent, demonstrating the high accuracy of this 

impedance measurement method. 

 

 

Figure 3. Simulation and measurement results of the 

antenna impedance versus frequency 
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4. Permittivity Considerations 

The relative permittivity of the substrate can affect the 

impedance of the printed antenna. To verify this, the 

antenna impedance is calculated in HFSS changing the 

relative permittivity of the substrate.  

Figure 4 and Figure 5 show the relation between the 

relative permittivity of the substrate and the impedance of 

the printed antenna. These results clearly show that 

lowering the relative permittivity of the substrate shifts the 

resonance frequency higher, which correctly reflects the 

theory [6] [11]. 

Finally, the simulation result when the relative 

permittivity of the substrate is 𝜖𝑟 = 3.4 are compared with 

the measurement results in Figure 6. In other words, the 

results indicate that the material has the relative 

permittivity 𝜖𝑟 = 3.4 . Therefore, it was found that 

understanding the relative permittivity of the substrate is 

extremely important when measuring the impedance of 

printed antennas. 

 

 

Figure 4. Relationship between the relative permittivity 

and the antenna resistance 

 

 

 

Figure 5. Relationship between the relative permittivity 

and the antenna reactance 

 

 

Figure 6. Simulation and measurement results of the 

antenna impedance at the relative permittivity of the 

substrate 𝝐𝒓 = 𝟑. 𝟒 
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5. Conclusion 

In this paper, we newly designed a T-matched dipole 

antenna with good performance for a specific chip. Then the 

method for measuring antenna impedance are explained 

and it be clarified that it is excellent agreement between 

measurement and simulation. Furthermore, we 

demonstrated the influence of the relative permittivity of 

the substrate on the impedance of the printed antenna, 

highlighting the importance of understanding the dielectric 

constant of the substrate in the design of UHF RFID tag 

antennas. 

 

 

6. References 

[1] ] J. Curty, M. Declercq, C. Dehollain, and N. Joehl, “Design 
and Optimization of Passive UHF RFID Systems”, Springer, 
2007. 

[2] K. Finkenzeller, “RFID Handbook, Radio-Frequency 
Identification Fundamentals and Applications Third Edition”, 
John Wiley & Son Ltd, Chichester, 2010.  

[3] Grosinger, J., Mecklenbräuker, C., and Scholtz, A. L. (2010). 
“UHF RFID Transponder Chip and Antenna Impedance 
Measurements” In Proc. Third International EURASIP 
Workshop on RFID Technology, pp.43–46 .  

[4] G. Marrocco, "The art of UHF RFID antenna design: 
impedance-matching and size-reduction techniques," in IEEE 
Antennas and Propagation Magazine, vol. 50, no. 1, pp. 66-79, 
Feb. 2008 

[5] K. V. S. Rao, P. V. Nikitin and S. F. Lam, "Antenna design for 
UHF RFID tags: a review and a practical application," in IEEE 
Transactions on Antennas and Propagation, vol. 53, no. 12, pp. 
3870-3876, Dec. 2005 

[6] C. A. Balanis, Antenna Theory, Analysis and Design, Third 
Edition, New York, John Wiley & Sons Inc., 2005. 

[7] 石井望” 測定の基礎”，第 23 回アンテナ伝搬基礎講座，
2023 

[8] IMPINJ, “IMPINJ M700 SERIES: Tag Chip Datasheet, v.6.3”, 
pp11-13, 2023 

[9] 道下，新井：”有限地板上モノポールアンテナの FDTD 解
析”, 信学技報，A･P99-112, pp.45-50, 1999 

[10] R. G. Fitzgerrell, "Monopole impedance and gain 
measurements on finite ground planes," in IEEE Transactions 
on Antennas and Propagation, vol. 36, no. 3, pp. 431-439, 
March 1988 

[11] A. A. Roy, J. M. Môm and D. T. Kureve, "Effect of dielectric 
constant on the design of rectangular microstrip 
antenna," 2013 IEEE International Conference on Emerging 
& Sustainable Technologies for Power & ICT in a Developing 
Society (NIGERCON), Owerri, Nigeria, 2013, pp. 111-115 

 

 

- 71 -



 
 
    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 無し
     シフト: 移動 上 by 17.01 ポイント
     ノーマライズ(オプション): オリジナル
     裁ち落としマージン保持: いいえ
      

        
     D:20250818152020
      

        
     32
     1
     0
     No
     19
     116
     Fixed
     Up
     17.0079
     0.0000
            
                
         Both
         2
         AllDoc
         6
              

       CurrentAVDoc
          

     None
     2.8346
     Left
      

        
     QITE_QuiteImposingPlus5
     QI+ 5.3n
     QI+ 5
     1
      

        
     4
     5
     4
     5
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 現在のページ
     トリム: 無し
     シフト: 移動 下 by 17.01 ポイント
     ノーマライズ(オプション): オリジナル
     裁ち落としマージン保持: いいえ
      

        
     D:20250818152034
      

        
     32
     1
     0
     No
     19
     116
     Fixed
     Down
     17.0079
     0.0000
            
                
         Both
         2
         CurrentPage
         6
              

       CurrentAVDoc
          

     None
     2.8346
     Left
      

        
     QITE_QuiteImposingPlus5
     QI+ 5.3n
     QI+ 5
     1
      

        
     0
     5
     0
     1
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     範囲: 全てのページ
     フォント: Times-Roman (埋め込み無し) 10.5 ポイント
     オリジナル: 中央下
     オフセット: 横方向 0.00 ポイント, 縦方向 39.69 ポイント
     カラー: 標準 (黒)
     前置文字列: - 
     後置文字列:  -
      

        
     D:20250818152048
      

        
     1
     1
      -
     BC
     - 
     1
     1
     1
     1
     1
     67
     TR
     1
     0
     0
     940
     146
    
     0
     1
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     R0
     10.5000
            
                
         Both
         1
         AllDoc
         1
              

       CurrentAVDoc
          

     [Doc:NumPages]
     0.0000
     39.6850
      

        
     QITE_QuiteImposingPlus5
     QI+ 5.3n
     QI+ 5
     1
      

        
     0
     5
     4
     fb120ec6-0c37-4d61-a53f-875dc39f260d
     5
      

   1
  

 HistoryList_V1
 qi2base





