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Introduction 

 
For any passive UHF RFID tag system, a microchip is usually attached directly to 
the tag antenna. Proper impedance matching between the antenna and the chip is 
crucial in RFID tag design. It directly influences RFID system performance 
characteristics such as the range of a tag. It is known that an RFID microchip is a 
nonlinear load whose complex impedance in each state varies with the frequency 
and the input power. This paper illustrates the importance of a proper calculation 
of the tag power reflection coefficient by taking into account the changing chip 
impedance versus frequency. 
 

RFID Tag Antenna Impedance Matching 
 

The goal of a tag antenna designer is to come up with an antenna that could 
increase the maximum detection range of the RFID system. The gain of an RFID 
tag antenna is typically small and comparable to that of a dipole antenna which is 
about 2 dBi and there is not much flexibility to improve this gain value any 
further without losing the omni-directional property of the tag antenna or 
increasing the tag size beyond practical dimensions. As a result, design of a good 
tag antenna comes down to the minimization of the reflection coefficient Γtag, in 
order to get a good matching between the antenna impedance and the microchip 
impedance. The reflection coefficient when matching complex antenna input 
impedance to the complex chip impedance is given by [1] 
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The graphical approach of calculating the reflection coefficient for RFID complex 
matching using Smith chart is recently determined by Nikitin [2] with reference to 
Kurokawa’s original paper [3]. For maximum power transfer from the antenna to 
the microchip, the antenna input impedance should be equal to the complex 
conjugate of the microchip impedance. However, the impedance of the microchip 
is not a constant value and it is a function of both frequency and the received 
power by the microchip. This can be seen from the measured values of the input 
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impedance plot of Impinj Monza microchip versus frequency at various 
sensitivity levels as shown in Fig. 1. The tag antenna input impedance should be a 
conjugate match to the microchip impedance at the minimum operational power 
to maximize the tag read range. The minimum operating power of the microchip 
defined by the manufacturer is -11dBm while the measurement of the microchip 
impedance was stopped at -6dBm. Therefore a nonlinear extrapolation of the 
microchip impedance to the -11dBm operating level was conducted at all 
frequencies.  

 
Comparison of Simulation and Measurement 

 
Figure 2 shows an image of the tag antenna for the commercial AD-220 (Avery 
Dennison) RFID tag [4] when simulated using Ansoft HFSS [5]. This AD-220 tag 
was designed for North America operation in the frequency range of 902 MHz-
928 MHz. It is a silver ink (7 microns ink thickness) printed tag on 
Polyethyleneterephthalate (PET) substrate (3 mils) of relative permittivity of 2.8. 
The structure is simulated with the tag residing on top of a 4 mils thick plastic 
sheet of relative permittivity 2.8 just like the experiment measurement was 
conducted. The conductivity of silver ink is assumed to have 10% conductivity of 
silver. At least 14 passes were needed for the imaginary part of the impedance 
matrix to converge to 0.5 degrees in the HFSS simulation. 

 
 

 
Performance measurement of the tag was conducted in the RFID anechoic 
chamber at The University of Mississippi using the Voyantic Tagformance Lite 
RFID measurement system [6]. Figure 3 compares the experimentally collected 

Fig. 1. Input impedance of Impinj Monza chip with respect to different received 
power levels. 
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Fig. 2. Image of the Simulated Avery Dennison AD-220 RFID tag using HFSS. 



read range with the theoretically calculated read range using the three constant 
chip impedances of the three regional frequencies. The impedance at 866.5 MHz 
(8-j98 Ω) shows good agreement at the lower frequency range, while 915 MHz 
(8-j91 Ω) matching and 953 MHz (8-j85 Ω) matching show good agreement at 
their corresponding higher frequency range. It is very obvious that none of them 
have good agreement with measurements for the entire range of frequency. 
However, if the microchip impedance is assumed to vary with frequency in 
accordance with the extrapolated curves in Fig. 1 while calculating the reflection 
coefficient, the agreement between the measured and computed values is 
improved considerably.  

 

 

Fig. 3. Experimental and theoretical read ranges for the three 
fixed chip impedances. 
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Fig. 4. Theoretical and experimental read ranges for different 
assumed tag antenna gain values. 
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This can be seen in Fig. 4 which plots the theoretical and measured read range for 
different tag antenna gain values. The best agreement is obtained by assuming 
2dB gain for the tag antenna. 
 

Conclusion 
 

The paper demonstrates that the reflection coefficient calculated using the 
frequency dependent microchip impedance shows better agreement between the 
simulation and measurement than power reflection coefficients calculated from 
fixed frequency microchip impedances. Thus it is recommended to consider this 
procedure while designing tag antennas for better performance across the desired 
frequency band of operation. 
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