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I. INTRODUCTION 

Wireless implanted medical devices (IMDs) have been used 

commonly in biomedical applications. They can assist in 

monitoring a patient’s temperature and blood pressure; as well 

as detecting interior bodily problems, such as rapid heartbeat, 

brain hemorrhage and transmitting signals to external monitor-

ing or control equipment. The medical implant communication 

service (MICS) band at 401–406 MHz; and the wireless medical 

telemetry service (WMTS) band at 1,395–1,400 and 1,427–

1,432 MHz have been accepted worldwide for transmitting 

data for implantable medical devices, due to these advantageous 

properties of the bands: good conductivity in the human body, a 

higher data rate, and a large communication range [1]. 

Currently, the integrated battery in IMDs has several draw-

backs, such as limited lifetime, large size, and the incremental 

possibility of tissue inflammation [2]. To overcome this re-

striction, the wireless powering technique is used to minimize 

size and ensure energy-supplying continuity for the implanted 

receiver system [3, 4]. Furthermore, the industrial, scientific, and 

medical (ISM) band at 2.45 GHz has been chosen in recent 

studies for its wireless power transfer (WPT) capabilities [5, 6]. 

At a high frequency, losses in the human tissue increase, whereas 

at a lower frequency, the losses reduced easily transmit signals,  
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Abstract 
 

A miniaturized, triple-band, implantable antenna for biomedical applications is presented in this paper. The proposed antenna with 

dimensions of 8.1 mm × 8.1 mm × 0.64 mm, combined with a shorting pin and a ground slot, operates at bands between 401–406 MHz 

for the medical implant communications service (MICS); 1,395–1,400 MHz and 1,427–1,432 MHz for the wireless medical telemetry 

service (WMTS); and 2,400–2,500 MHz for industrial, scientific, and medical (ISM) applications. The antenna is deployed simultaneously 

for data transmission and wireless power transfer (WPT) at the two frequencies of communications and the ISM band, respectively. The 

antenna achieves peak gain values of -35.7 dBi, -25.1 dBi, and -19.5 dBi with the impedance bandwidths of 10.1%, 15.5%, and 9.58% 

at 402 MHz, 1.4 GHz, and 2.45 GHz, respectively. The experiments in the muscle tissue were implemented to demonstrate the reliability 

of the proposed antenna. To ensure safety standards in the human body environment, the specific absorption rate (SAR) value is simulated 

and evaluated thoroughly. 
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but it requires a large antenna size. Additionally, there are 

challenges related to gain and bandwidth in the design of im-

plantable antennas. To make reasonable solution, the MICS and 

WMTS bands are used for data transmission with an optimized 

bandwidth, while the ISM band is used to transfer power with 

high gain characteristics. Moreover, an implantable antenna of a 

small size can reduce the risk of infection and increase durability. 

Recently, the planar inverted–F antenna (PIFA) [7–9], the 

meander-line (ML) antenna [10], and the loop antenna [11] 

have been widely used for implantable devices. Because they 

operate at multiple bands, using the shorting pin, ground slot, 

or shunt capacitor can easily adjust to the desired resonant 

frequencies [12]. 

In this paper, a miniaturized implantable antenna is designed 

based on the new structure of an ML antenna combined with a 

shorting pin and the ground slot to operate at the MICS (402 

MHz), WMTS (1.4 GHz), and ISM (2.45 GHz). The position 

of the shorting pin and feeding at the ML conductive are ana-

lyzed to ensure that the antenna can operate exactly at the triple 

bands. The proposed antenna is compact in size: 8.1 mm × 

8.1 mm × 0.64 mm. It also simultaneously operates in two 

modes: data transmission at the MICS and WMTS bands for 

communication, and wireless power transfer at the ISM band, 

making it suitable for biomedical applications. The antenna is 

simulated and measured within the homogenous muscle tissue. 

Finally, the SAR value is simulated to verify the safety of the 

antenna in the human body. 

II. DESIGN OF IMPLANTED ANTENNA 

1. Simulation Setup 

The proposed antenna is simulated in a homogeneous muscle 

phantom, a single-layer tissue box with a dimensions of 100 mm 

× 100 mm × 50 mm. The properties of the muscle tissue are 

reported in [13], where the dielectric (𝜀 ) and conductivity (𝜎) 

are dependent on the frequency: 𝜀 = 57.1  and 𝜎 = 0.79 

(S/m) at 402 MHz, 𝜀 = 54.1 and 𝜎 = 1.14 (S/m) at 1.4 

GHz, and 𝜀 = 52.7 and 𝜎 = 1.74 (S/m) at 2.45 GHz. The 

implantation depth of the antenna is 5 mm below the surface 

of the muscle, as shown in Fig. 1(a). The ANSYS High-

Frequency Structure Simulator (HFSS) is used to analyze the 

full-wave electromagnetic simulation of the antenna, and the 

specific absorption rate (SAR) value is calculated based on the 

human model. 

 

2. Antenna Structure and Analysis Parameters 

Fig. 1(b) shows the configuration of the proposed implanted 

antenna. The antenna consists of a substrate, superstrate, an ML 

conductive material, a shorting pin, and a ground plane. The 

Taconic RF-10 substrate (𝜀 = 10 and tan𝛿 = 0.0035) is used 

for both the superstrate and the substrate with the same thick-

ness of 0.64 mm and the dimensions of 8.1 mm × 8.1 mm. The 

superstrate acts as a separation layer between the ML conduc-

tive and the surrounding environment, reducing the amount of 

heat that reaches the muscle tissue. Additionally, the insulating 

material with a higher dielectric constant can produce a higher 

maximum power transfer efficiency value and increase the radi-

ating electric field, as investigated in [14]. The ML conductive 

at the top of the substrate is connected to the ground plane at 

the bottom by a shorting pin with a diameter of 0.3 mm, and 

the geometry of the ML conductive is shown in Fig. 1(c). The 

antenna is excited by using a 50-Ω coaxial feeding port. Back-

ward radiation from the implanted antenna harms the human 

body, and the ground plane reduces the effect of radiation on 

tissues. The final optimized dimensions of the proposed antenna 

are presented in Table 1. 

Fig. 2(a) shows the effect of the antenna’s reflection coeffi-

cient when utilizing the shorting pin and ground slot. The con-

ventional ML antenna without both the shorting pin and the 

ground slot resonates at a single band of 1.9 GHz. The lower 

frequency band is shifted to 402 MHz by an insertion shorting 

pin, which is the prolongation of the current path from the ML 

conductive to the ground plane, increasing the electrical length 

of the antenna. The ML conductive is shorted at the end. 

Therefore, at this frequency, the ML conductive has the same 

current distribution as shown in Fig. 3(a). With the shorting pin,  

(a)                            (b) 

 
(c)                           (d) 

Fig. 1. Configuration of the implanted antenna: (a) perspective 

view, (b) side view, (c) geometry of ML conductive, and (d) 

ground plane. 
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Table 1. Parameter values of the antenna (unit: mm) 

Symbol Value Symbol Value

L1 8.1 L10 3.2

L2 7.9 L11 3.6

L3 1.75 L12 2.15

L4 1.1 L13 1.1

L5 5.75 L14 2.35

L6 4.7 L15 2.4

L7 0.65 L16 2.65

L8 2.15 L17 5.4

L9 1.25 W 0.4

 

 
(a)                       (b) 

 
(c)                       (d) 

Fig. 2. Reflection coefficient of the antenna: (a) effect of the shorting 

pin (SP) and ground slot (GS), (b) change in the position of 

the SP, (c) change in the position of feeding, and (d) change 

the width of the ML conductive. 

 

 
Fig. 3. Distribution current at the resonant frequency on the ML 

conductive: (a) 402 MHz, (b) 1.4 GHz, and (c) 2.45 GHz. 

the antenna concurrently operates at the MICS and ISM bands. 

To generate one more resonant frequency, the impedance charac-

teristic at the WMTS band can be compensated for by the 

ground slot. With the long distance between a slot with a short-

ing pin and a feeding as shown in Fig. 1(d), the ground slot can 

yield good impedance at 1.4 GHz and does not significantly 

affect other resonant frequencies. 

The impedance characteristics are also affected by the position 

of the shorting pin. As mentioned before, the shorting pin directly 

influences the current path. Hence, all resonant frequencies are 

varied when the shorting pin on the ML conductive is moved, 

as shown in Fig. 2(b). Meanwhile, the high-frequency behavior 

at the ISM band has been greatly affected by the feeding posi-

tion. It can be observed that the feeding at position (1) in Fig. 2(c) 

can improve the reflection coefficient of the MICS and WMTS 

bands. However, it changes the current path between the short-

ing pin and the feeding at the ML conductive, which vanishes 

the resonant frequency of the ISM band. As a result, the imped-

ance at all frequency bands is satisfied at position (2). Fig. 2(d) 

presents the difference of the reflection coefficient with the vari-

ation of the parameter W. It can be seen that the resonant fre-

quencies are not affected much by changing the width of the 

ML conductive. 

Fig. 3 shows the current distributions at desired resonant fre-

quencies. The ML conductive is divided into two parts at the 

feeding position. The current distribution at the ISM band con-

centrates between the feeding and the shorting pin of the ML 

conductive, whereas the current distributions at the MICS and 

WMTS bands are along the ML conductive without the shorting 

pin. The current with the same direction in the ML conductive 

is shown in Fig. 3(a) at 402 MHz. According to [9], it operates 

in the quarter-wavelength mode. In contrast, the currents at 1.4 

GHz and 2.45 GHz (Fig. 3(b) and 3(c)) are inversely directed at 

several positions in the ML conductive, in a full-wavelength 

mode. 

III. FABRICATION, MEASUREMENT, AND DISCUSSION 

The fabricated prototypes are shown in Fig. 4(a), and the sub-

strate and superstrate are glued together. Moreover, the meas-

urement setup for the proposed antenna is shown in Fig. 4(b). 

The measurement is implemented with the vector network 

analyzer (VNA Protek A333). The antenna is placed under 

5 mm in pork muscle with the size of 100 mm × 100 mm × 

50 mm, and connected to the feeding port. The dielectric prop-

erty of the pork muscle for measurement is similar to human 

tissue. The comparison of reflection coefficients between the 

simulation and measurement results is presented in Fig. 5. It can 

be seen that the proposed antenna exhibits resonant frequencies 

at 402 MHz, 1.4 GHz, and 2.45 GHz with impedance band-
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widths at -10 dB of 10.1% (390.3–431.2 MHz), 15.7% (1.38–

1.6 GHz), and 9.58% (2.37–2.6 GHz). These bandwidths are 

wide enough for the MICS (401–406 MHz), WMTS (1,395–

1,400 MHz, 1,427–1,432 MHz), and the ISM band (2,400–

2,500 MHz). The difference between the measurement and 

simulation results due to fabrication tolerance is negligible. The 

far-field radiation patterns are measured in a microwave chamber, 

as shown in Fig.4(c). Fig. 6 shows a comparison of the simulated 

and measured radiation pattern results on the XOZ and YOZ 

planes at the triple desired frequencies. The peak gains are -35.7 

dBi, -25.1 dBi, and -19.5 dBi at 402 MHz, 1.4 GHz, and 

2.45 GHz, respectively. At 402 MHz (MICS) and 1.4 GHz 

(WMTS), the radiation patterns are nearly omnidirectional, 

which is an advantage in communication. Meanwhile, directional 

radiation at 2.45 GHz (ISM) could be achieved with a high 

gain, improving the performance of wireless power transfer. A 

slight difference between the measured and simulated results is 

recorded due to the unstable position of the antenna in the muscle 

tissue. 
The SAR value verifies electromagnetic field absorption in 

the human body. The greater the SAR value, could cause burns 

inside the human tissue. The SAR value of the proposed antenna 

is calculated in various implantation scenarios, such as in the 

head model and the human torso as illustrated in Fig. 7. With 

an input power of 1 W (30 dBm), the peak SAR values are 

473.2 W/kg and 591.8 W/kg over the head model and the  

 

 
Fig. 7. Average SAR distribution of 1-g for the different implantable 

scenarios: (a) head model and (b) human torso. 

 
(a)                     (b) 

 
(c) 

Fig. 4. Fabricated and measured implanted antenna: (a) antenna 

fabricated prototypes, (b) setup for the reflection coefficient 

measurement, and (c) setup for the radiation pattern measure-

ment. 

 

 
Fig. 5. Reflection coefficient of the implanted antenna. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 6. Comparison of simulated and measured radiation patterns: 

(a) 402 MHz, (b) 1.4 GHz, and (c) 2.45 GHz. 
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human torso, respectively. At a frequency range from 100 kHz 

to 300 GHz, the SAR is limited to 1.6 W/kg over 1-g of human 

tissue [15]. Therefore, after reducing the antenna input power to 

keep SAR within the safety limit, the threshold power for the 

implanted antenna is 3.45 mW for the head and 2.81 mW for 

the torso. The detailed SAR values and corresponding allowable 

maximum input power at the triple band are shown in Table 2. 

On the other hand, Table 3 shows a summarized comparison of 

the proposed antenna with related studies in terms of antenna 

type, dimensions, operating frequency, bandwidth, and peak 

gain [7, 9–11, 16–18]. The proposed antenna can be seen to 

have advantages in compactness and uniform bandwidth at 

triple frequencies, but the gain remains limited by its small size. 

IV. CONCLUSION 

In this paper, a triple-band ML antenna is proposed for 

implantable biomedical applications. The antenna is composed 

of an ML conductive with a shorting pin and a ground slot, and 

operates at the MICS band (401–406 MHz), WMTS band 

(1,395–1,400 MHz, 1,427–1,432 MHz), and ISM band (2.4–

2.5 GHz) with impedance bandwidths of 10.1%, 15.5%, and 

9.58% and peak gain of -35.7 dBi, -25.1 dBi, and -19.5 dBi at 

402 MHz, 1.4 GHz, and 2.45 GHz, respectively. The miniatur-

ized implantable antenna with dimensions of 8.1 mm × 8.1 mm 

(volume of 41.9 mm3), simultaneously operates in two modes: 

power transmission and data telemetry. The proposed antenna is 

fabricated and measured to verify the simulation results. 

Table 3. Comparison of the implantable antenna with related works 

Study Type Size Volume (mm3) Freq. (GHz) BW (%) Peak gain (dBi) Depth (mm)

Le Trong et al. [7] PIFA π × 112 197 0.402 

1.43 

2.40

13.7 

6.6 

12.2

–33 

–21.9 

–19.6 

4 

Shah et al. [9] PIFA 7 × 6.5 17.15 0.402 

1.6 

2.45

36.8 

10.7 

8.9

–34.1 

–22.6 

–18.2 

3 

Shah and Yoo [10] ML 5.6 × 6 6.72 0.915 

1.9

9.83 

27.9

–26.8 

–18.8 

5 

Wang et al. [11] Loop 12 × 12 91.44 0.402 

0.902

137 –32 

–34 

5 

Gani and Yoo [16] PIFA 14 × 7.5 52.5 0.402 

0.915 

2.45

15.9 

9.95 

4.29

–40.8 

–32.9 

–22.4 

3 

Bao et al. [17] PIFA 15 × 11 104.3 0.4 

0.915 

2.45

11.7 

9.44 

19.8

–29.7 

–24.9 

–23.2 

42.5 

Zada and Yoo [18] PIFA 7 × 6 21 0.915 

1.8 

2.45

8.7 

8.2 

7.3

–26.4 

–23 

–20.5 

4.5 

This work ML 8.1 × 8.1 41.9 0.402 

1.4 

2.45

10.1 

15.5 

9.6

–35.7 

–25.1 

–19.5 

5 

Table 2. Simulated average SAR value for 1-g of tissue 

Human body 

tissue 

Frequency 

(GHz) 

1-g average  

SAR (W/kg) 

Max input 

power (mW)

Head 0.402 311.6 5.12

 1.4 392.2 4.18

 2.45 473.2 3.45

Torso 0.402 390.2 4.21

 1.4 483.6 3.38

 2.45 591.8 2.81
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