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ABSTRACT This article assesses the latest advancements in high-performance miniaturized silicon antennas 
designed for integration purposes. The primary objective is to fulfill the demands of advanced systems utilized in 
contemporary radar applications. Over the past years, diverse designs, reconfigurable approaches, and techniques for 
silicon antennas have been suggested and examined to accomplish this objective. The paper elaborates on the 
achievements of small silicon antennas, highlighting higher gains, favorable return loss, and expanded bandwidth. 
Additionally, the article underscores that the dependable integration of the antenna and RF module on the same silicon 
substrate is attainable. 
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I. INTRODUCTION 
Synthetic Aperture Radar (SAR) is an active microwave radar known for its all-weather capabilities 
and exceptional resolution, making it a valuable tool for tactical and remote-sensing applications 
[1,2]. However, challenges such as bulkiness, high energy requirements, and elevated costs have 
historically limited the widespread use of SAR systems for long-term monitoring and frequent 
revisiting. A recent development involves the integration of SAR systems onto Unmanned Aerial 
Vehicles (UAV), addressing these challenges and providing enhanced operational flexibility and 
cost-effectiveness. 
 
The concept of utilizing small platforms for SAR has been under research since the 1960s, but 
recent technological advances in computer architecture and microelectronic devices have enabled 
its practical implementation. UAV-based SAR systems offer clear advantages, including reduced 
costs, real-time data capabilities, and swift responsiveness [3-5]. 
 
Advancements in SAR instruments, such as multilayer ceramic carriers, highly integrated GaAs 
microwave monolithic integrated circuits (MMICs), and silicon control circuits in chip form, 
contribute to smaller size and weight. The development of a miniature front-end SAR system 
featuring an active phased array antenna [6] represents a cutting-edge technique in this field. 
 
The phased array technique enhances the antenna aperture by incorporating thousands of discrete 
radiating elements, resulting in higher gain. Each radiator is individually controlled by a 
Transmit/Receive (TR) module, providing the antenna with maximum flexibility in beam 
formation. 
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Examining the front-end configuration of the SAR system, the antenna emerges as a crucial 
component, where design and material selection significantly influence overall size and 
performance. While SAR system antennas are traditionally large to achieve high resolution, 
ongoing efforts focus on miniaturization through advanced materials and design techniques. 
 
As silicon technology matures, it emerges as a cost-effective option for manufacturing small 
antennas. This makes silicon an appealing choice for researchers and designers exploring various 
aspects of silicon antennas, encompassing design, fabrication techniques, and applications. The 
high dielectric constant and seamless integration potential with RF systems make silicon substrate 
an ideal material for small antenna fabrication, contributing to a substantial reduction in the overall 
size of SAR systems. Moreover, silicon's superior thermal conductivity and resilience at higher 
frequencies enhance its durability, establishing it as a reliable option in antenna fabrication. 
 
  
II. EXISTING SMALL SAR SYSTEM 
 
Utilizing small platforms for Synthetic Aperture Radar (SAR) systems presents numerous practical 
applications and holds the potential for substantial cost reductions in SAR surveillance and imaging 
of specific ground areas. An illustrative example is the development of the MicroASAR in 2004, 
derived from the BYU microSAR design but significantly enhanced for robustness and flexibility. 
Deployed aboard the NASA SIERRA Unmanned Aerial System (UAS) with notable features such 
as a large payload capacity (25 kg), medium size (6m wingspan), efficient mission planning 
software, and an in-flight programmable autopilot, the SIERRA is well-suited for extended-duration 
missions. 
 
ARTEMIS, Inc. has played a pivotal role in SAR program development and manufacturing for over 
a decade, collaborating on experimental initiatives like UAVSAR, GLISTEN, NuSAR, and 
MicroASAR with renowned institutions such as Jet Propulsion Laboratory, Naval Research 
Laboratory (NRL), and Space Dynamics Laboratory (SDL). 
 
Two noteworthy examples of high-performance, small, and cost-effective SAR systems designed 
for operation on small Unmanned Aerial Systems (UAS) are the SlimSAR and NuSAR [8,9]. The 
SlimSAR, operating at L-band frequency, weighs less than 3 kg, consumes 150 W (including a 
built-in motion measurement system), and can be converted to X-band frequency with a lightweight 
block frequency converter. Meanwhile, the NuSAR operates at either L-Band or X-Band, offering a 
30 cm resolution and achieving size reduction through advancements in motion compensation 
techniques, enhancing processing efficiency and accuracy [10]. 
 
IMSAR, a privately owned business, has been a key player in designing, building, and supporting 
security and intelligence products, particularly unmanned platforms featuring cutting-edge 
Synthetic Aperture Radar technology since 2009. A notable achievement is the deployment of a 
tiny synthetic aperture radar in a small UAV for tactical capabilities, measuring 15.7 x 19.1 x 11.4 
cm and weighing less than 1 kilogram. The use of printed circuit board technology in the NanoSAR 
contributes to its affordability, differentiating it from standard synthetic aperture radars. IMSAR's 
commitment to innovation has significantly impacted the field of small SAR systems, expanding 
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their potential applications. Tabulated in Table 1 is Systems and Images of MicroASAR, SlimSAR 
and NanoSAR.                 

III. STATE OF THE ART 

The utilization of air cavities beneath silicon antennas, as observed in the rectangular microstrip 
patch silicon antenna [12], signifies an innovative strategy to address the challenges of dielectric 
constant and substrate losses. Although this approach widens the bandwidth, it comes at the 
expense of reduced antenna radiation efficiency. This trade-off underscores the intricate balance 
researchers navigate when striving for optimal antenna performance. 

The meander dipole-type silicon antenna [13], with a bandwidth of 43%, showcases the versatility 
of silicon-based designs for radar and remote sensing applications. The success of this antenna 
highlights the potential for silicon antennas to cater to diverse technological needs. However, the 
absence of measured radiation pattern and gain data in the study points to a gap in comprehensive 
evaluation, urging future research to address these aspects for a more holistic understanding. 

The integration of ultra-wideband (UWB) technology in healthcare, exemplified by the tiny loop 
UWB silicon antenna [15], demonstrates the adaptability of silicon antennas to specific application 
domains. The emphasis on reliable operation within the frequency range compatible with body 
tissues illustrates the strategic thinking in tailoring antenna characteristics for targeted applications, 
such as Body Area Networks (BAN) in healthcare. 

The evolution of coplanar waveguide (CPW) antennas on silicon reveals a dynamic exploration of 
design possibilities. The inclusion of a ground slot in a CPW antenna [16] contributes to a measured 
gain of 2.5 dBi, although the limited bandwidth suggests room for improvement. Subsequent 
advancements, such as the CPW-fed slotted antenna on high resistivity silicon (HRS) [17], exhibit 
substantial progress with a 41% bandwidth and an 8.7 dBi simulated gain as shown in Figure 1. 

The drive for miniaturization is evident in the continuous refinement of antenna designs. For 
instance, the miniaturization of a CPW-fed slotted antenna up to λ/4 with a 45% bandwidth and 
measured gain of 2.5 dBi [19] signifies a significant leap forward. This progress addresses concerns 
related to size reduction while maintaining or even enhancing antenna performance. 

The widespread adoption of Coplanar Waveguide Antennas (CPW) in wireless communication and 
RF applications underscores their practical significance. The study of equilateral triangular 
microstrip slot antennas at 9 GHz [23] not only emphasizes the adaptability of CPW structures but 
also sheds light on the importance of strategic slot placement for achieving wide bandwidths and 
desirable radiation patterns. 

The diverse shapes and techniques explored in CPW-fed microstrip slot antennas [20-22] reflect a 
nuanced approach to customization and tuning. This adaptability allows researchers to tailor 
antenna structures for balanced transmission lines and specific frequency bandwidths, ensuring 
optimal performance in varied applications as shown in Figure 2. 

In conclusion, the evolution of silicon-based antennas showcases a journey of innovation, 
addressing challenges, and fine-tuning designs for enhanced performance across a spectrum of 
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applications, from healthcare to wireless communication. The ongoing exploration of these 
antennas is marked by a continual quest for the ideal balance between size, bandwidth, and overall 
efficiency. Table 2 shows the SOTA table.  
 

Table 1:  Systems and Images of MicroASAR, SlimSAR and NanoSAR 
 

YEAR SYSTEM DIAGRAM/PHOTO 
2004 – 2008 • MicroASAR 

• C Band 
• Weight 25Kg 
• Flown on NASA SIERRA 

UAS 
• BYU 

 

 

2008 – 2011 • SlimSAR/NuSAR 
• L & X Band 
• Size 55x31x36 cm 
• Weight 3 Kg 
• flown on various sizes of        

o platforms (small to 
large) 

• ARTEMIS/ NRL/SDL 

 
 
 
 
 

 
 

2009 – 2021 • NanoSAR 
• Ku Band 
• Size15.7x19.1x11.4 cm 
• Weight 1 Kg 
• Flown on UAV/UAS 
• IMSAR 

 
 
 

 
 
 
 
 

 
 
 

 

 

 

 
 
 
 
 

Figure 1: Silicon CPW Fed Slotted Antenna with Simulated and Measured  |S11| Results [17]. 
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Figure 2: Shows CPW Antenna with a wide bandwidth between 40% to 50% [23]. 
 

Table 2: State of The Art (SOTA) Table 
Paper 

Reference 
No 

Methodology & Results Advantages and 
Disadvantages 

[12] Rectangular Microstrip Patch Antenna 
 
 
 
 

 
 

 

Advantages: 
improvement in 
bandwidth 
 
Disadvantages: 
Complicated to low 
dielectric constant 

[13] Meander Dipole Antenna 

 

 

Advantages: 
Wide bandwidth 
 
Disadvantages: 
Complicated design 
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[15] Small UWB Antenna 
 
 

Advantages: 
Small but high gain 
 
Disadvantages: 
Restricted to conductivity 
and permittivity of body 
tissues. 
 
 
 
 

[16] Coplanar Waveguide (CPW) Girth S Slot Antenna 
 
 
 
 
 
 

Advantages: 
Compact and compatible 
with antenna integration  
 
Disadvantages: 
Narrow bandwidth 
 
 
 
 

[17] Coplanar Waveguide (CPW) Slotted Antenna 
   
 
 
 
 
 
 
 
 
 
 
 
 
 

Advantages: 
Compact, wide 
bandwidth and high gain  
Compatible for full 
integration 
 
Disadvantages: 
omnidirectional radiation 
pattern  
 

[23] Wide-Band Equilateral Triangular Slot 
 
 
 
 
 
 
 

Advantages: 
Wide bandwidth  
 
Disadvantages: 
Not compatible for full 
integration 
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V. CONCLUSION

This article investigate into recent breakthroughs in silicon antenna technology, with a particular 
focus on the promising avenue of integrating antennas and other devices on a shared silicon 
substrate. Notably, techniques like Coplanar Waveguide (CPW) and the strategic incorporation 
of slots in patch antennas have emerged as key contributors to heightened antenna performance. 

By employing these techniques, significant advancements have been achieved. The 
observed outcomes include a notable enhancement in antenna bandwidth, ranging impressively 
from 3.4% to an expansive 45%. Simultaneously, there has been a discernible reduction in the 
physical size of the antennas. These developments underscore the efficacy of innovative 
methodologies, such as CPW and strategic slot integration, in pushing the boundaries of silicon 
antenna capabilities. 

ACKNOWLEDGMENT 

The authors wish to thank the University Perlis Malaysia (UniMAP), especially Assoc. Prof. Ir. Ts. 
Dr. Saidatul Norlyana Azemi and Director General Malaysian Space Agency (MYSA) Gs. Tuan Hj. 
Azlikamil Napiah for his encouragement and support. 

REFERENCES 

[1]. Y. K. C. V. C. Koo, C. Y. Ang, K. S. Yee, and M. Y. Chua, "Design and Development of a C-Band 
RF Transceiver for UAV SAR," Progress In Electromagnetics Research C, vol. 24, pp. 1-12, 2011. 
[2]. Y. K. C. V.C.Koo, "The Design and Development of Unmanned Aerial Vehicle Synthetic Aperture 
Radar," Progress In Electromagnetics Online, vol. 7, pp. 685-688, 2011. 
[3]. S. S. Michael Caris, Helmut Essen, Arnulf Leuther, Axel Tessmann, Rainer Weber, Mateusz Malanowski, Piotr 
Samczynski, Krzysztof Kulpa, Gyorgy Mészöly, Andreas C. Papanastasiou, Christopher Topping, George E. 
Georgiou, Roland Guraly, Zoltan Bilacz, "Synthetic Aperture Radar for All Weather Penetrating UAV Application 
(SARAPE) - project presentation, Synthetic Aperture Radar," in EUSAR. 9th European Conference, 2012, pp. 290 - 
293. 
[4]. J. F. R. Nouvel, S., and Du Plessis, O. R., "A Low-Cost Imaging Radar: Drive on board ONERA Motorglider,"
in Geoscience and Remote Sensing Symposium, 2007. IGARSS 2007. IEEE International, 2007, pp. 5306-5309. 
[5]. E. C. Zaugg, Hudson, D.L., Long, D.G., "The microASAR Experiment on CASIE-09," in Proceedings of the
International Geoscience and Remote Sensing Symposium, Honolulu, HI,, 2010. 
[6]. Philippe Steeghs, Erik van Halsema, and Peter Hoogeboom, “Minisar: A Miniature, Lightweight, Low Cost, 
Scalable Sar System”, CEOS-SAR01-034. 
[7]. Zaugg. E;   Edwards, M.;   Long, D.;   Stringham, C, “Developments in Compact High-Performance Synthetic 
Aperture Radar Systems for Use on Small Unmanned”, Aerospace Conference, 2011 IEEE , pg 1 -14, Paper #1292, 11 
Apr., 2011. 
[8]. Evan Zaugg, Matthew Edwards, and Alex Margulis, “The SlimSAR: A Small, Multi-Frequency, Synthetic 
Aperture Radar for UAS Operation”, 2010 IEEE Radar Conference, Arlington, VA, USA, 2010, pp. 277-282, 
https://www.artemisinc.net/products 
[9]. E.C. Zaugg, D.G. Long, and M.L. Wilson, “Improved SAR Motion Compensation without Interpolation”, in
Proc. 7th European Conference on Synthetic Aperture Radar, Friedrichshafen, Germany, v.3, pp.347-350, June 2008, 
http://www.imsar.com/ 
[10]. H. G. M. Abdel-Aziz , H. F. Ragaie , and H. Haddam "Microstrip  Patch  Antenna  using  Silicon
Micromachining Technology," presented at the Twenteith National Radio Science Conference, Cairo, Egypt, 2003 



 
 International Journal of Advanced Communication Technology  
 Volume 3, 2023 [60-67] 
   

67 | P a g e  
 

[11]. A. Ibrahim and D. R. S. Cumming, "A Micromachined 10 GHz Meander Dipole Antenna on High Resistivity 
Silicon Substrate for Remote Sensing Applications," in Antennas & Propagation Conference, 2009. LAPC 2009. 
Loughborough, 2009, pp. 345-347. 
[12]. Kun-Mu Chen and Yong Huang and Jianping Zhang and Adam Norman, “Microwave life-detection systems for 
searching human subjects under earthquake rubble or behind barrier”, IEEE Transactions on Biomedical Engineering 
2000, Vol. 47 pp 105-114. 
[13]. K. H. Kamya Yekeh Yazdandoost, "Very Small UWB Antenna For WBAN Applications, Medical Information 
& Communication Technology (ISMICT)," in 5th International Symposium, Nat. Inst. of Inf. & Commun. Technol., 
Yokosuka, Japan, 2011, pp. 70 - 73. 
[14]. GUO Xing Long, JIN Yan, LIU Lei, OUYANG WeiXia & LAI ZongSheng, “Design and fabrication of 
miniature antenna based on silicon substrate for wireless communications”, Science in China Series F: Information 
Science, May 2008, vol. 51, no. 5 pp 586-591. 
[15]. Harita Jamil, James Scott and Kamran Ghorbani, “CPW Antenna for Miniaturization of SAR System Front-
end”, Proceedings of APMC 2012, Kaohsiung, Taiwan, Dec. 4-7, 2012, pp 720 -722. 
[16]. J. William and R. Nakkeeran, “A New Compact CPW Fed Slot Antenna for UWB Applications”, Internet, AH-
ICI 2009, First Asian Himalayas International Conference on 3-5 Nov. 2009. 
[17]. Harita Jamil1 and Saidatul N. Azemi, “Silicon CPW Fed Slotted Antenna for Realization of Integrated SAR 
System Front-End”, Progress In Electromagnetics Research C, Vol. 65, 2016, pp 57 – 66. 
[18]. U. Bhobe, C. L. Holloway, M. Piket-May and R. Hall, "Wide-band slot antennas with CPW feed lines: hybrid 
and log-periodic designs", IEEE Transactions on Antennas and Propagation, vol. 52, no. 10, pp. 2545-2554, Oct. 2004. 
[19]. A. Eldek, A. Z. Elsherbeni, C. E. Smith and Kai-Fong Lee, "Wideband rectangular slot antenna for personal 
wireless communication systems”, IEEE Antennas and Propagation Magazine, vol. 44, no. 5, pp. 146-155, Oct. 2002. 
[20]. Z. Elsherbeni, A. A. Eldek and C. E. Smith, "Wideband slot and printed antennas," Proceedings of the Twenty-
Second National Radio Science Conference, 2005. NRSC 2005., Cairo, Egypt, 2005, pp. 3-10. 
[21]. Osama Gaafar, Darwish M.Abdel Aziz and Hadya M.El-Hennaway, “Wide-Band Equilateral Triangular Slot 
and Microstrip Antennas’, The 23rd National Radio Science Conference (NRSC 2006) March 14-16, 2006. 

 

BIOGRAPHIES 
 
HARITA JAMIL currently pursuing her final year for her master degree 
by research in MSc. Computer and Communication  Engineering in 
Universiti Malaysia Perlis.UniMAP.. Her current interests also include 
research in antennas and SAR System for  remote sensing. 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 


	I. INTRODUCTION
	II. EXISTING SMALL SAR SYSTEM
	III. STATE OF THE ART
	The utilization of air cavities beneath silicon antennas, as observed in the rectangular microstrip patch silicon antenna [12], signifies an innovative strategy to address the challenges of dielectric constant and substrate losses. Although this appro...
	The meander dipole-type silicon antenna [13], with a bandwidth of 43%, showcases the versatility of silicon-based designs for radar and remote sensing applications. The success of this antenna highlights the potential for silicon antennas to cater to ...
	The integration of ultra-wideband (UWB) technology in healthcare, exemplified by the tiny loop UWB silicon antenna [15], demonstrates the adaptability of silicon antennas to specific application domains. The emphasis on reliable operation within the f...
	The evolution of coplanar waveguide (CPW) antennas on silicon reveals a dynamic exploration of design possibilities. The inclusion of a ground slot in a CPW antenna [16] contributes to a measured gain of 2.5 dBi, although the limited bandwidth suggest...
	The drive for miniaturization is evident in the continuous refinement of antenna designs. For instance, the miniaturization of a CPW-fed slotted antenna up to λ/4 with a 45% bandwidth and measured gain of 2.5 dBi [19] signifies a significant leap forw...
	The widespread adoption of Coplanar Waveguide Antennas (CPW) in wireless communication and RF applications underscores their practical significance. The study of equilateral triangular microstrip slot antennas at 9 GHz [23] not only emphasizes the ada...
	The diverse shapes and techniques explored in CPW-fed microstrip slot antennas [20-22] reflect a nuanced approach to customization and tuning. This adaptability allows researchers to tailor antenna structures for balanced transmission lines and specif...
	In conclusion, the evolution of silicon-based antennas showcases a journey of innovation, addressing challenges, and fine-tuning designs for enhanced performance across a spectrum of applications, from healthcare to wireless communication. The ongoing...
	Table 2: State of The Art (SOTA) Table

	V. CONCLUSION
	ACKNOWLEDGMENT
	The authors wish to thank the University Perlis Malaysia (UniMAP), especially Assoc. Prof. Ir. Ts. Dr. Saidatul Norlyana Azemi and Director General Malaysian Space Agency (MYSA) Gs. Tuan Hj. Azlikamil Napiah for his encouragement and support.
	REFERENCES
	BIOGRAPHIES
	HARITA JAMIL currently pursuing her final year for her master degree by research in MSc. Computer and Communication  Engineering in Universiti Malaysia Perlis.UniMAP.. Her current interests also include research in antennas and SAR System for  remote ...

