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Abstract- RFID system is a growing technology for various 
applications such as logistics management and automatic object 

identification, and medicine management. In recent years, it is 
suggested to combine with in-body wireless communications to 
reduce medical error and improve quality of live (QOL) of patient. 

In this paper, we designed the tag antenna which integrates with 
an integrated circuit (IC) chip of 9.3 – j55.2 . The antenna is 
embedded into the three-layered human arm phantom and the 

performance is simulated by finite-difference time-domain 
(FDTD) method. In addition, by use of the handy reader, the 
maximum read range of 1.3 cm of the proposed antenna can be 

reached,  that is approaching the theoretical value of 1.7 cm by 
the link budget. 

     

I. INTRODUCTION 

RFID system is a growing technology and useful for various 

applications such as logistics management and automatic 

object identification, and medicine management. In recent 

years, it is suggested to combine with in-body wireless 

communications to reduce medical error and improve quality 

of live (QOL) of patient [1] in the hospital.  

In addition, the in-body technology is being used in medical 

application, where cardiac pacemaker is implanted in the 

human body to provide the electrical impulse to the human 

heart in asystole caused a ventricular contraction. Besides, 

microchip implant use identifying integrated circuits for 

tagging and tracking of animal [2]. Today, in-body wireless 

communication is suggested to be applied to deliver the 

information of human body such as temperature, blood 

pressure, and cardiac rate [3] in the hospital. Therefore, if 

RFID system combines with in-body wireless communication 

that will be a great benefit to the medical application. However, 

the human body is a complex environment that is not attractive 

for wireless signals because of the mutual influence between 

the human body and the implanted antennas. Moreover, 

antenna muse be small and thin because the implanted device 

is embedded in the human body. Previous study describes that 

the antenna performance is attenuated by the loss of the human 

body [4].  

Nowadays, many reports focusing on the low frequency (LF, 

30–300KHz) and the high frequency (HF, 3–30 MHz) [3] have 

been presented, because the attenuation from the human body 

is not strong. However, these systems are limited by drawbacks 

of short communication range and low data rates; moreover, 

the design of small size antenna in a limited implantable 

environment is a challenge. The medical implanted 

communication service (MICS) has been suggested to be used 

for in-body wireless communication. However, the physical 

antenna size is still large for embedding antenna into human 

body. Therefore, the industry-science-medical (ISM) band of 

2.4 GHz is a suitable candidate due to the high data rates and 

reduction of the antenna size. Some references regarding these 

issues have been published; for instance, The planar inverted-F 

antennas (PIFA)-like structure on a substrate with high 

dielectric loss and a cavity slot antenna design have been 

proposed [5]–[7]. Moreover, The relationship between the RF 

transmission and the human body for link budget was proposed 

in references [8] and [9].  

In this report, we proposed an implanted tag antenna which 

combines with a IC chip (-chip). In order to match the 

conjugate impedance of 9.3 − j55.2 the loop structure is 

adopted in the antenna design. Moreover, the proposed antenna 

is coated by a glass coating of 16.75 mm × 5 mm  × 2 mm to 

avoid touching human tissue and keep antenna working for a 

long time. The antenna is embedded into the three-layered arm 

phantom and the antenna performance is simulated by FDTD 

method. The maximum read range of the proposed antenna is 

measured by the handy reader. 

 

 

II. ANTENNA STRUCTURE AND HUMAN ARM MODEL 

   Fig. 1 (a) illustrates the configuration of the proposed 

antenna which is designed to match the conjugate impedance 

of 9.3 − j55.2 by the adopting loop structure. The antenna 

size is 15.75 mm (L) × 4 mm (W). The glass coating (εr = 5.0) 

is introduced to cover the proposed antenna for reducing 

influence from the human body. Therefore, the whole size of 

the proposed antenna will become 16.75 mm × 5 mm  × 2 mm.  

   Figs. 2 shows the human arm phantom which is used to 

represent a realistic human arm. The phantom of 150 mm × 60 

mm × 60 mm is composed of a skin (εr = 38.0, σ = 1.5 S/m), a 

fat (εr = 5.3 σ = 0.1 S/m) and a muscle (εr = 52.7, σ = 1.7 S/m) 

at 2.45 GHz [10]. The thicknesses of each tissue in the three-

layered phantom are 2, 4, and 54 mm, respectively. Moreover, 

the proposed antenna is embedded into the fat of the phantom 

with a depth of 3 mm from surface of skin, since the loss of fat 

is less than at the skin and muscle layers.  

 










 

Figure 1. Antenna structure with glass coating. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(a) Over-view. 

 
 

 

 

 

 

 

 

 
(b) Cross-view. 

 
Figure 2. Human arm phantom. 

 

 

III. RESULT AND DISCUSSION 

   Since the loop structure is added for improving the 

impedance matching, the effect on antenna performance is 

investigated by varying the parameters of loop structure L, L1 

and W1 (position of the feeding point). The simulated results 

are shown in Figs. 3 (a)−(f). In Figs. 3 (a) and (b), it is found 

that when the L is changed from 13.75 mm to 17.75 mm, the 

resistance is changed from 5.2 Ω to 16.3 Ω at the desired 

frequency of 2.45 GHz but the reactance does not changed. 

From the Figs. 3 (c) and (d), simulated result describes that 

varying parameter of L1 not only causes resistance to be 

increased but also changes the reactance. Thus, when  L1 equals 

to 2.0 mm, the good impedance matching can be obtained. 

From the results of Fig. 3 (e) and (f), the input impedance can 

be fin tuned to achieve good impedance matching by varying 

the parameter W1 from 0.0 mm to 2.0 mm. Therefore, when 

these parameters of the L, L1 and W1 are set to be 15.75 mm, 2 

mm and 1.5 mm, respectively, the input impedance of the 

proposed antenna can easily match the conjugate impedance of 

9.3 − j55.2 Ω.  

   Fig. 4 shows the simulated and measured input impedances. 

As the result, it is found that the measured result of 9.5 + j55.1 

Ω which is approaching to the IC chip of 9.3 − j55.2 Ω. 

Moreover, it also shows a good agreement with simulated 

result. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 (a) Resistance of parameter L. (L1=2 , W1=1.5) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (b) Reactance of parameter L. (L1=2 , W1=1.5) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (c) Resistance of parameter L1. (L=15.75 , W1=1.5) 
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 (d) Reactance of parameter L1. (L=15.75 , W1=1.5) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (e) Resistance of parameter W1. (L=15.75 , L1=2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (f) Reactance of parameter W1. (L=15.75 , L1=2) 
Figure 3. Impedance characteristics of the proposed antenna. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Simulated and measured input impedances. 

 

 
(a) Reference tag antenna. 

 
 
 
 
 
 
 
 
 
 
 
 
 

(b) Fabricated antenna            
      
 
 
 
 
 
 
 
 
 
 
 
 

(c) Measurement setup 
 

Figure 5. Reference antenna, fabricated antenna and the measurement setup. 
 

 

IV. LINK BUDGET AND MEASUREMENT 

Figs. 5 show the reference antenna, fabricated prototype 

antenna and a handy reader. In order to validate the design, we 

measured the maximum read rage of the proposed antenna by a 

handy reader. Before the measurement, we can calculate the 

theoretical value of the maximum read range by the friis 

transmission formulas: 
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In measurement setup of Fig. 5 (c), the reader is an R001M 

(Sekonic Company) with the output power of 10 mW/MHz. 

Due to the Bandwidth of 20 MHz, the transmission power Pt 

by the reader is 200 mW. The minimum threshold power Pr is 

2.2 mW [11]. Gr is the gain of the tag antenna (-15.7 dBi). Gr is 

the gain of the reader. The gain of the reader can be calculated 

as follows. Fig 5 (a) shows the reference tag antenna [12] 

which is designed to combine with a -chip. The antenna gain 
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of 2.3 dBi presents in free-space and the maximum reader 

range of 14 cm can be detected by a handy reader under the 

measurement. Therefore, by Eq. (1), the gain of the handy 

reader of 1.25 dBi can be obtained. According to above 

discussion, the theoretical value of the maximum read range r 

of an implanted tag antenna is 1.7 cm. From the measured 

result, the maximum read range of the proposed antenna is 

approximately 1.3 cm between the proposed antenna and a 

handy reader. Moreover, it is very approaching the theoretical 

value of 1.7 cm. 

 

V. CONCLUSIONS 

   An implanted tag antenna is proposed and realized for in-

body wireless communication. The result shows that the 

antenna can match the conjugate impedance of 9.3 − j55.2 Ω 

very well, even though antenna is embedded in human arm. 

Moreover, the measured result confirmed the reliability of the 

simulated result. In addition, we also confirmed that the 

measured maximum read range of tag antenna is 1.3 cm which 

approaches the theoretical value of 1.7 cm.  
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