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Abstract  Design of denture implanted RFID tag antennas in the UHF band is performed. The input impedance of the 

antennas in the human body phantom are measured with changing the antenna structure and are compared with the simulated 

values by using the frequency dependent FDTD method. The conjugate matching condition between the antennas and the 

RFID chip are demonstrated. 
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1. INTRODUCTION 

Radio Frequency Identification (RFID) [1], a kind 

of wireless communication technology, is widely 

used all over the world, which can identify specific 

target and read/write related data without any 

mechanical or optical contact between the system and 

the target.  

Compared with other RFID tags working in the 

UHF band used for metal or dielectric bodies [1], the 

RFID tags in-body are more challenging. In this 

research, a RFID tag implanted in the denture is 

developed for the detection of wandering elderly 

persons.  

In this paper, the design of RFID tag antennas in 

the denture is presented. The successful design on the 

input impedance of RFID tag antenna in the human 

body phantom and the conjugate matching condition 

between developed the antenna and the RFID chip are 

demonstrated. 

  

2. EXPERIMENT SETUP 

The experiment setup is shown in Fig. 1. In Fig. 

1(a), the chip impedance in broadband frequency 

range is measured by S-parameter method using 

2-port VNA (Agilent E5071C). Because of the small 

size of the chip, a JIG is necessary. In Fig. 1(b), a  

designed antenna with the length l covered by the 

acrylic resin is placed at the center of the acrylic case. 

A bending dipole with a loop surrounding used as the 

design. The bending part of the dipole with the length 

of d+=8 mm is fixed. The two ends of dipole was 

exposed outside the resin with the length of =1 mm 

[3]. As a phantom of denture, the self -curing acrylic 

resin which is actually used as material of dentures 

was used. Size of a denture phantom are with the 

length L=30 mm, the width W=10 mm. As a phantom 

in the mouth, the human body equivalent liquid 

(HBEL) produced by SPEAG having the complex 

permittivity of the muscle is filled in a cubical 

acrylic case [2]. The complex permittivity of the 

acrylic resin and HBEL were measured by using the 
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Fig.1. Experiment setup. 

 

coaxial probe method. Measured relative permittivity 

of acrylic resin was around er =2. At 920 MHz, the 

relative permittivity of HBEL was almost er =60 and 

the conductivity of HBEL is about 0.7  S/m. In order 

to obtain the input impedance in broadband 

frequency range, the S-parameter method [2] with 

2-port VNA (Agilent E5071C) was used. 
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3. RESULTS 

Fig. 2 shows the input impedance Za=Ra+jXa of 

antenna slightly exposed and full covered. The 

resistance of antenna full covered is almost zero, 

which is hardly impossible to realize the impedance 

matching. On the other hand, if two ends of the 

antenna are slighty exposed into the outside 

environment, the range appears where the resistance 

is big enough to realize the impedance matching. 

Then it is the only thing to realize impedance 

matching in adjusting the length l. 
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Fig. 2 Input impedance of antenna slightly exposed 

and full covered 

 

Fig. 3 shows the input impedance Za=Ra+jXa of 

designed antenna with changing the length l from 10 

mm to 22 mm. It can be observed that when the 

length l changed from 10 mm to 22 mm, the resonant 

frequency decreased. When the frequency is lower 

enough the resistance of the designed antenna was 

quite small values and the large reactance around 

j140 W was observed. This impedance performance 

can be used into impedance matching with RFID 

chip. 

0 500 1000 1500 2000

100

200

300

400

Frequency [MHz]

In
p

u
t 

Im
p

ed
an

ce
 Z

a
[W

]

l=10 mm

l=14 mm

l=18 mm

Ra

Xa

L= 30 mm

W= 10 mm

d= 7 mm

= 1mm

l=22 mmZa=Ra+jXa

 
Fig. 3 Antenna impedance with different l 

 

Fig. 4 shows the input impedance of simulation 

value and experiment value. As a result,  the resonant 

frequency is almost the same as simulation value, 

which means it is possible to realize the same 

performance as simulation into real product.  As for 

the reason why the value of experiment is a little bit 

different from simulation value, it is not clear yet.  

One of the possible reason can be related to quality 

factor Q. 
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Fig. 4 Antenna input impedance of simulation and 

experiment 

 

It is noted from Fig. 3 that it is available 

decreasing the length l for higher resonant frequency, 

lower resistance and higher reactance if necessary. 

The reverse is also true. For different cases of 

impedance matching with RFID chips, it is possible 

to tune the size of antenna in order to meet the 

requirement of matching.  

Fig. 6 and Fig. 7 show an example of impedance 

matching which includes chip impedance Zc=Rc+jXc 

of Impinj Monza 4, antenna input impedance 

Za=Ra+jXa when l=10 mm and the absolute value of  

power wave reflection coefficient | |. The power 

wave reflection coefficient [5] is given by 

                                        (3)a c

a c

Z Z

Z Z

 
 


 

It can be observed from Fig. 6 that at around 

930MHz, the chip impedance is almost conjugate 

matching with the input impedance of antenna when l 

is 10 mm. And Fig. 7 shows that the absolute value of 

power wave reflection coefficient | |= -9.3 dB is 

realized at 930 MHz when the length l=10 mm and 

after precise tuning successful design of RFID tag 

antenna will be realized.  
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Fig. 5 Input impedance of Monza 4 and antenna 

with length of l=10 mm 
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Fig. 6 Power wave reflection coefficient | | 

between Monza 4 and antenna with length of l=10 

mm 

 

4. CONCLUSION 

In this paper, design of denture implanted RFID 

tag antennas in the UHF band is performed.  The input 

impedance of the antennas in the human body 

phantom is measured with changing the antenna 

structure and is compared with the simulated values 

by using the frequency dependent FDTD method. As 

an example, the conjugate matching condition 

between the antennas and the RFID chip are 

demonstrated. Also, if better performance is required, 

precise tuning of antenna is possible with the method 

above. 
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