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Our goal is to develop THz module on chip to visualize bone grinding at 
the early stage so that arthritis can be visualized and treated early. A critical 
component of such module is antenna. A compact 4 by 4 beamforming 
antenna array for biomedical application is presented in this paper. We 
are proposing a novel antenna which is in the form of a circular ribbon 
shape with a gold patch. Gold material for the patch is used to enhance its 
conductivity and to cut down backward radiation. Differential port pin used 
to increase the bandwidth. Au-posts are finally used for output connection. 
The proposed antenna operates over the frequency band from 201 GHz to 
more than 228 GHz. Directivity and gain of the proposed antenna are 13 
dB and 7 dB respectively. This makes it applicable for imaging systems 
because of the frequency band for biomedical imaging. Index Terms—
Beamforming antenna, antenna array, Advanced design system (ADS), 
Biomedical imaging.
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1. Introduction

THz communications are one of the possibilities to 
meet the demand for ever-increasing data rates. In recent 
years, several publications have reported a 100 -300 GHz 
antenna design with a target for enhanced biomedical ap-
plications [1,2]. Microwave imaging from 100 to 300 GHz 
is an auspicious design for biomedical applications such 
as detecting the skin cancer. Reason is that it has good 
resolution and generation characteristics [3]. The process 
for skin cancer detection with the high-frequency module 
on chip containing antenna is initially a pulse that is trans-
mitted from the antenna, which will penetrate through 
the various tissues of the body. At a particular time, the 
transmitted signal will be reflected from the small size. 
Particles which represent that skin cancer. 

The same antenna can be used to collect the reflected 
signal for further measurements. For accurate results, the an-
tenna should have high gain, directivity, resolution, dynamic 
range with compact size [4]. Also such technology is benefi-
cial for the detection of Arthritic. Many antenna designs have 
been proposed for biomedical imaging applications [5,6], each 
has its advantages and drawbacks. Some published antennas 
have a structure of rectangular ribbon type, whereas others 
have a square structure. All the proposed structures are using 
only a single antenna for detecting the signal. As a result, 
weaker signals go undetected. In this paper, we are proposing 
a compact size 2.8*0.43 mm2 circular ribbon-shaped beam-
forming identify applicable funding agency here. If none, 
delete this antenna array with high gain and directivity. In 
addition, we are also studying application of meta material 
elements for this application. 
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2. Design Methodology

Traditionally, antennas are off-chip due to their size 
and because typical substrates are conductive [7,8]. The pro-
posed circularly ribbon-shaped antenna is shown in Figure 
1. To enhance its conductivity and to cut down backward 
radiation gold material was used for the patch. Differential 
port pin used to increase the bandwidth. Dimensions of 
the antenna are angle radius of the circle is 100 um with a 
thickness of 10 um and patch length 100 um with a thick-
ness of 10 um.

Generally, antenna arrays are used to generate a high 
gain. One of the important parameters of array design is 
the setout of the distance between the adjacent elements 
of an array because this will lead to interference and dis-
tortion, not allowing further assessment of received sig-
nals [9]. Many mutual coupling contraction techniques [10-12] 
have been proposed to enhance the isolation performance 
between the antenna elements.

In this paper I am proposing a two-layer beamforming 
a 4x4 array antenna with high isolation between elements. 
I have used ADS to design the antenna. The top layer is a 
circular shape structure. For beamforming array, the dis-
tance between antenna elements is kept close to /4. Line 
length is adjusted to create a delay between adjacent ele-
ments for beamforming radiation patterns. GaN was used 
as a substrate while simulating antenna array. The config-
uration of our designed antenna array is shown in Figure 2.

3. Results

The Figure 3 depicts the S11 response of the proposed 
antenna. The simulated S11 graph has -10 dB return loss 
from 201.6GHz to 228.1 GHz, which means the band-
width of the antenna is nearly 26.5 GHz. Peak S11 is no-
ticed at 217.2 GHz with a value of -41.9 dB. 

The Figure 4 shows gain and directivity plot of the pro-
posed antenna has 7 dB gain and 13 dB directivity at 217 
GHz frequency. The proposed antenna has maximum gain 
and directivity at 250 GHz frequency. 

The Figure 5 and Figure 6 depict 3D radiation patterns 
in YZ and XZ directions respectively. The simulated re-
sults of the proposed antenna are mentioned in the Table 1.

Table 1. proposed antenna results

content units
Single antenna size (L*W) um*um 500*615
Antenna array size (L*W) um*um 2.8*0.43

Return Loss (S11) dB -41.8
Antenna Gain dB 7

Directivity dB 13
Antenna Bandwidth GHz 28.5

Figure 1. Proposed circular ribbon-shaped

Figure 2. Proposed circular ribbon-shaped antenna array

Figure 3. S11 response of proposed antenna design
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Figure 4. proposed antenna Gain and Directivity

Figure 5. 3D radiation pattern in XY direction

Figure 6. 3D radiation pattern in YZ direction

We would like thank NCTU for providing facilities for 
our research.

4. Conclusions

In this paper a compact 4 by 4 beamforming antenna 
array for biomedical application is presented. To enhance 
the conductivity gold material is used. The proposed an-
tenna operates over the frequency band from 201 GHz to 
more than 228 GHz. Directivity and gain of the proposed 
antenna are 13 dB and 7 dB respectively. This makes it 
applicable for imaging systems because of the frequency 
band for biomedical imaging.

Acknowledgment

We would like thank NCTU for providing facilities for 
our research.

References

[1] M. Jenning, B. Klein, R. Hahnel, and D. Plettemeier, 
“On-Chip Integrated Antennas for 200 GHz Appli-
cations,” in 2015 IEEE International Conference on 
Ubiquitous Wireless Broadband (ICUWB), 2015, pp. 
1-5.

[2] B. Goettel, P. Pahl, C. Kutschker, S. Malz, U. R. 
Pfeiffer, and T. Zwick,“Active Multiple Feed On-Chip 
Antennas With Efficient In-Antenna Power Combining 
Operating at 200-320 GHz,” IEEE Trans. Antennas 
Propag., vol. 65, no. 2, pp. 416-423, Feb. 2017.

[3] E. H. Frequency, “Supporting innovation in the 
100-200 GHz range Proposals to increase access to 
Extremely High Frequency (EHF ) spectrum,” no. 
March, 2020.

[4] S. Gupta, S. Bag, K. Ganguly, I. Sarkar, P. Biswas, 
and F. I. Conference, Advancements of Medical Elec-
tronics. 2015.

[5] S. A. Naghdehforushha and G. Moradi, “Design 
of plasmonic rectangular ribbon antenna based on 
graphene for terahertz band communication,” IET 
Microwaves, Antennas Propag., vol. 12, no. 5, pp. 
804-807, Apr. 2018.

[6] A. Abohmra, H. Abbas, S. F. Jilani, A. Alomainy, 
M. A. Imran, and Q. H. Abbasi, “High Bandwidth 
Perovskite based Antenna for High- Resolution Bio-
medical Imaging at Terahertz,” in 2019 IEEE Inter-
national Symposium on Antennas and Propagation 
and USNC-URSI Radio Science Meeting, 2019, pp. 
503-504.

[7] Rajinikanth Yella, Krishna Pande, Ke Horng Chen, 
Edward Chang 28 GHz Monolithic Transmitter on 
GaN chip for 5G application. The Tenth International 

DOI: https://doi.org/10.30564/jeisr.v3i1.3550



39

Journal of Electronic & Information Systems | Volume 03 | Issue 01 | April 2021

Distributed under creative commons license 4.0

Conference on Advances in Satellite and Space Com-
munications SPACOMM 2018.

[8] Rajinikanth Yella, Krishna Pande, Ke Horng Chen, 
Edward Chang Design of On-Chip GaN transmitter 
for wireless communication, International Journal On 
Advances in Telecommunications 2018.

[9] R. HafeziFard, M. Naser-Moghadasi, J. Rashed-Mo-
hassel, and R.-A. Sadeghzadeh Sheikhan, “Mutual 
Coupling Reduction for Two Closely- Space Mean-
der Line Antennas Using Metamaterial Substrate,” 
IEEE Antennas Wirel. Propag. Lett., vol. 15, pp. 1-1, 
2015.

[10] Xin Mi Yang, Xue Guan Liu, Xiao Yang Zhou, 
and Tie Jun Cui, “Reduction of Mutual Coupling 
Between Closely Packed Patch Antennas Using 
Waveguided Metamaterials,” IEEE Antennas Wirel. 
Propag. Lett., vol. 11, pp. 389-391, 2012.

[11] P. Simon, “Analysis and Synthesis of Rotman Lens-
es,” in 22nd AIAA International Communications 
Satellite Systems Conference Exhibit 2004 (ICSSC), 
2004, no. May, pp. 1-11.

[12] S. Vashist, M. K. Soni, and P. K. Singhal, “A Review 
on the Development of Rotman Lens Antenna,” Chi-
nese J. Eng., vol. 2014, no. 11, pp. 1-9, 2014.

DOI: https://doi.org/10.30564/jeisr.v3i1.3550


