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ABSTRACT  

In this research work, a small size and wide-band Bow Tie slot antenna (BTSA) is proposed and 

optimized for use on an unlimited lifetime small-sized CubeSats at X-band. Interestingly, this paper 

introduces a graceful mechanism of integrating Bow Tie slot antennas on the bodies of small CubeSat 

configurations, which minimizes the antenna throwing from the satellite body and the whole CubeSat 

volume. The proposed approaches propose and analyze in detail how a small metallic part of a 2U 

CubeSat body improves the antenna performances around an operating frequency of 8.4 GHz. It 

maximizes the antenna gain simultaneously with the beamwidth angles at 8.4 GHz by suppressing the 

resulting back-lobes, which are re-directed outside the CubeSat box. These impacts are achieved by 

shifting a very small air-gap distance of only 1 mm between the back face of the BTSA dielectric and the 

CubeSat top face. The developed BTSA is lightweight and exhibits a unidirectional radiation pattern with 

a wide beamwidth angle of about 160° and a high gain of about 11.0 dBi at 8.4 GHz. The overall results 

with occupied size and volume are satisfactory for unlimited lifetime CubeSat missions at X-band such as 

UM5-Ribat and UM5-EOSAT of University Mohammed V in Rabat. 

Keywords: Air-Gap Distance, Bow Tie Slot Antennas, High Stiffness Cubesat Antenna, Cubesat Lifetime. 

 

1. Introduction  

Until the early twentieth century, developing space technology and satellite engineering 

projects in developing and emerging countries did not have a significant impact on long-term 

economic well-being. In light of this, the emergence of cubic satellites and their accelerated 

development as less expensive spacecraft in construction and manufacturing than conventional 

satellites alerted the scientific research community to the importance of investing in these 

satellites for everyday use (Campioli et al., 2024). CubeSats have the potential to make 

significant economic and cultural contributions, prompting people to regard them as part of their 

future collective awareness (Abels, 2024). CubeSats are now launched into orbit through 

cooperative commercial launches at a lower cost than conventional satellites (Jardak & Adam, 

2023). Many research teams were driven to develop cubic satellite technology or build their 

own launch services (El Bakkali, 2020). Experienced engineers have been able to build a 

common standard for cubic satellites that makes their preparation less expensive and takes only 

a few weeks to incorporate into training for further growth and education (Voštinár et al., 2023). 

The low cost of satellite projects and engineering properties has piqued the interest of numerous 

educational institutions worldwide, including the University of Mohammed V in Rabat (UM5-

Ribat and UM5-EOSAT, 2024). Around the world, there are several yearly events that provide 

students the chance to learn about the creation of these new satellites and exchange stories (Chin 

et al., 2017). 

The conventional design for cubic satellites is one unit (1U), which is a cube that is 10 cm 

long on each side and weighs around 1.3 kg (Francisco et al., 2023) (Cratere et al., 2024). PSLV 

C18 was one of several launch vehicles that carried secondary payloads into orbit (El Bakkali et 

al., 2020). Moreover, advances in technology have made it possible to build ultra-small 

satellites for remote measurement and various space experiments using a variety of integrated 

and reliable autonomous equipment. Hence, the communications system of a CubeSat is its 
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most crucial part; it transmits measurements to ground stations and accepts remote orders from 

customers (Huang et al., 2024). It is important to stress that mission requirements dictate the 

electrical and physical features of the cubic satellite telecommunications system, and vice versa. 

Furthermore, just a few minutes per day are spent in communication between the ground 

stations and the cubic satellite. However, because the satellite moves so quickly, it becomes 

more challenging to communicate with ground stations. Furthermore, the majority of cubic 

satellite projects can only supply one or two earth stations with three meters of antennas; thus, 

the download speed may hinder these plants' low power. However, because the satellite's angle 

changes when it moves, the angle of divergence from toxicity could also shift. Therefore, cubic 

satellite antennas need to be high gain, occupy geometrically suitable dimensions, and function 

well on a frequency that enables high-data-rate, long-range transmission. 

New antenna systems that can fulfill the requirements of high data rate and accuracy 

while also increasing the system's physical dimensions are being actively developed by the 

scientific community in order to be used even on deep space missions. Bipolar antennas must be 

installed once cubic satellites are sent into orbit in order for several of them to communicate 

with base stations. Thus, the entire task fails if the deployment mechanism malfunctions. 

Therefore, level antennas are a superior choice for usage on cubic spacecraft in terms of 

engineering and mechanics (El Bakkali et al., 2021). It may be readily integrated with other 

cubic satellite tools and is inexpensive, lightweight, and low in height (Liu & Feng,  2023; Liu 

et al., 2024; Chu et al., 2023; Zhang et al., 0202). Numerous strategies have been put out to 

increase level antennas' overall gain and bandwidth in order to satisfy deep space mission 

requirements. As the antenna's mass and weight rise, the majority of them rely on adding new 

components. On the other hand, this message aims to design and construct a tiny aperture 

antenna powered by a 50Ω strip line that is integrated into the body of a second unit cubic 

satellite, without the need for additional components, an increase in antenna power, or any 

secondary deployment. By cutting the air gap between the made antenna's body and the rear of 

the cubic satellite by just around 1 mm, with an area that does not exceed 8% of the antenna's 

back, you may basically increase the group's overall stiffness. However, by using the satellite's 

own back as a reflector and only properly positioning the antenna, the authors aim to increase 

the antenna peak gain at 8.4 GHz (El Bakkali, 2020). More particularly, the authors want to 

incorporate the Bow Tie aperture antenna on the rear of a cubic spacecraft for the first time, 

attaining the following primary objectives.  

1. Improve and minimize the size of the Bow Tie aperture antenna to occupy less than 8% of 

the grand interface of a second unit cubic satellite, with the remainder of the space devoted 

to other components such as solar power kits, radars, surveillance, and sensor systems. 

2. Figure 1 shows how the antenna's performance around the considered resonant frequency is 

affected by its placement on the broader surface of the aluminum CubeSat box. This implies 

that the aluminum box will serve as a reflector to enhance antenna characteristics and lessen 

overlaps with other subsystems. To achieve these qualities, the QNM algorithm is performed 

to the complete set configuration in order to obtain these properties. The suggested Bow Tie 

aperture antenna is initially put in the center of the satellite's top face, and displacement is 

measured along the x, y, and z axes. The QNM algorithm starts at the left edge location and 

analyzes the full satellite performance at 8.4 GHz. If the requirements are fulfilled, the 

improvement process is completed, and the final design is appropriate for the CubeSat 

mission being created. Otherwise, the results are unsatisfactory and then move to the other 

spots according to the following trinity (x; y, z) for 1000 repeats. 

3. Reduce the air gap distance between the CubeSat's upper face and the rear side of the 

proposed Bow Tie slot antenna, taking into mind the gain and HPBW targets, as well as 

potential overlaps with other devices. This attribute is required for a high-rigidity satellite to 

operate in outer space, where it rotates at extreme speeds. This is the most crucial aspect of 

Bow Tie aperture antennas, which were initially proposed as a viable choice for high data 

rate CubeSat communications. The authors also hope to show that the peak gain of the group 

as a whole is inversely proportional to the air distance between them, a feature that is being 

considered for the first time in the scientific research community, thanks to the nature of the 



Benhmimou et al …                               Vol 6(1) 2024 : 86-102 

88 

 

Bow Tie slot antennas used for the first time on a CubeSat. 

 

Fig. 1. Antenna Positioning on a 2U CubeSat wider 

The above features are being used for the first time on 2U CubeSat designs at X-band 

with Bow Tie slot antennas. They demonstrate the feasibility of utilizing a very short air gap 

distance and a small area on the 2U CubeSat top face to achieve outstanding performances at an 

operational frequency of 8.4 GHz. This paper is organized as follows: Section 2 details 

geometrical description of proposed Bow Tie Slot antenna design, its optimized dimensions and 

integration with a 2U CubeSat. This section demonstrates and discusses how the geometrical 

features for a 2U CubeSat mission are satisfied. Section 3 discusses and analyses the achieved 

results of proposed approaches in a very detailed parametric analysis. Section 4 studies 

effectiveness and advantages of proposed Bow Tie Slot antenna  for all CubeSat Configurations 

including the 2U at X-band. This Section introduces also a detailed comparison between our 

proposed BTSA design and some works on CubeSat antennas that use metasurface and other 

approaches on X-band patch antennas. Finally, section 5 concludes our contributions presented 

in this research work with the proposal of some perspectives based on the developed study. 

 

2. Antenna Configuration and Evolution of Proposed Antenna Positioning 

An X band Bow Tie slot antenna is developed and optimized using ANSYS HFSS for 

operation at 8.4 GHz (Patidar et al., 2024) (Giannetti, 2023) while taking into consideration the 

geometrical restrictions of a 2U CubeSat configuration. This tiny antenna design is printed on 

the upper surface of the inexpensive Teflon dielectric (εr = 2.1, tanδ = 0.001, and h = 1.2 mm), 

which is regarded as a substrate material due to its broad market availability and excellent 

reliability qualities for higher frequency aerospace applications (Kogut et al., 2022). According 

to Fig. 2, the suggested Bow Tie antenna arrangement takes up just 6.84% of the top face of a 

2U CubeSat construction (10 × 20 cm2). Additionally, Fig. 3 demonstrates that the Bow Tie slot 

antenna design that was built has the physical dimensions specified in Table 1. It is fed by a 50-

Ω strip line that measures 0.47 × 0.47 mm2 and is positioned at a modest distance of g = 0.235 

mm from the antenna geometrical center along the X-axis. 
Table 1 - Geometrical parameters and antenna positioning of proposed BTSA. 

W L L1 W1 L2 W2 h 

37mm 37mm 10.46mm 8.42mm 10.46mm 8.42mm 1.2mm 

Pos.6 Pos.1 Pos.2 Pos.3 Pos.4 Pos.5 Pos.7 

(X ; Y ; Z) = 

(-31.5; 0.5; 30) 

(X ; Y ; Z) = 

(0; 81.5; 1) 

(X ; Y ; Z) = 

(0; 41.5; 1) 

(X ; Y ; Z) = 

(0; 0.5; 1) 

(X ; Y ; Z) = 

(0; -40.5; 1) 

(X ; Y ; Z) = 

(0; -81.5; 1) 

(X ; Y ; Z) = 

(31.5; 0.5; 30) 

By using the BTSA technique, designers hope to obtain a very rigid range with a small-

area, lightweight antenna that is engineering compatible with all satellites. The design for 

obtaining high gains and large -10dB bandwidths around 8.4 GHz is further explained by the 

QNM algorithm, which has been accepted in the course of improvement. By moving the BTSA 

antenna, which is mounted on the satellite's face, in all directions, the radiating characteristics of 

the whole CubeSat are computed and enhanced. With antenna characteristics appropriate for a 

CubeSat flight, the QNM algorithm reduces the separated air gap distance to a limit of just 1 

mm. The Whole CubeSat was examined at a second air gap of 30 mm in order to conduct a 

more thorough investigation. 
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Fig. 2. Layout of developed 2U CubeSat configuration: 2U CubeSat + Proposed BTSA 

 

 

Fig. 3. Dimensions of proposed Bow Tie slot antenna 
In comparison to those that may be obtained with a second air gap distance of up to 30 

mm, designers were able to achieve the requisite 8.4 GHz precipitation at an air gap distance of 

no more than 1 mm. The inverse relationship between air gap distance and antenna acquisition 

at the same resonance frequency serves as evidence for this. This study shows that all geometric 

and operational barriers, such as size, dimensions, or energy required for operation related to 

micro-space technology, are practically solvable and even more volatile than anticipated. It also 

achieves the highest gains at an operating frequency of 8.4 GHz and with a very small air 

distance of only 1 mm. This inspires the scientific research community to take additional 

initiatives to advance their own. The Bow Tie slot antenna built on a CubeSat is the first to 

show this in the scientific research sector. 
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3. Results Synthesis and Discussion 

In this section, radiation characteristics of proposed Bow Tie slot antenna with and 

without the CubeSat chassis are analyzed in terms of their suitability for unlimited lifetime 2U 

CubeSat missions. Using the QNM optimization algorithms introduced in this research, the 

proposed approaches lead to the design of a small size Bow Tie slot antenna having full area L × 

W of 37 × 37 mm2 and radiation characteristics analyzed around an operating frequency of 8.4 

GHz using physical dimensions listed in Table 1. Return loss (RL) and VSWR plots of proposed 

BTSA antenna structure are depicted in Fig. 4. It is observed that the constructed Bow Tie slot 

antenna resonates around 8.4 GHz with return loss having peak of about 21 dB at 8.66 GHz and 

an ultra-wide impedance bandwidth ranging from 7.87 GHz to 9.46 GHz (-10dB BW 1.59 GHz) 

and VSWR of 1.20 at 8.66 GHz. Therefore, the proposed BTSA configuration can operates well 

around X-band resonant frequencies close to 8.4 GHz with low excitation power is being 

reflected back to the excitation source. In addition to that, this small size BTSA presents good 

distributions of current and E-field while the achieved radiation pattern which is presented in 2D 

(XY and XZ planes) and 3D is bidirectional at 8.4 GHz. Hence, an important quantity of 

electromagnetic energy is wasted through the back lobe radiations, see Fig.5 and Fig. 6(a). The 

back lobe radiations generate interferences with components inside the CubeSat body and hence 

may increase the mission failure. In addition to that, the achieved radiation pattern takes the 

horizontal plan as plan of symmetry and hence losses are almost equal to the radiated energy 

along Z-axis. It proves a very high chance of mission failure due to the interferences between 

electronic components. Moreover, Fig. 6(b) observes that despite the high losses generated via 

the back lobe radiation, the developed BTSA structure gives peak gain of 5.92 dBi at 8.4 GHz 

and then in terms of gain the proposed Bow Tie slot antenna alone is suitable for inter-CubeSat 

and CubeSat Swarm communications if interferences with components inside the CubeSat box 

supposedly solved applying the suitable approaches. Moreover, almost 4.0 dBi or above is lost 

from the peak gain value at 8.4 GHz through the back lobe radiation.  

 

Fig. 4. RL and VSWR coefficients of proposed Bow Tie Slot antenna 

The considered BTSA antenna system fills a small area of 37 × 37mm2, is lightweight, 

low cost and presents very high stiffness configuration that make it a good candidate for all 

CubeSat standards if the point of interferences with other systems is overcomed via a successful 

approach. The antenna configuration gives suitable return loss (i.e., small |S11|), VSWR close to 

one and very high efficiency at X-band and hence it can be used as very effective solution for 

CubeSat communications when the rate of mission failure may be minimized as maximum as 

possible. Interferences and the bidirectional shape of radiation pattern still the only ones that 

minimize effectiveness of using the proposed Bow Tie slot antenna alone on CubeSats. Its 

bidirectional radiation pattern shows that an important quantity of electromagnetic energy is 

radiated in the back direction and so leads to low gains and generates interferences with other 

subsystems inside the CubeSat box. 

a). Return Loss vs. frequency b). VSWR coefficient vs. frequency 
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Fig. 5. Reflection and VSWR coefficients of proposed Bow Tie Slot antenna 

 

 

Fig. 6. E-field, H-field, and 2D Gain plots of proposed Bow Tie Slot antenna: 8.4 

To deal with these electromagnetic issues, the use of a small part of the CubeSat’s top 

face as metallic reflector is applied in order to surprise the back lobe radiation and so improves 

the antenna peak gain at 8.4 GHz up to almost 11.0 dBi. In this regard, antenna positioning on 

the body of a 2U CubeSat is studied in details taken into consideration the use of a very small 

air gap distance between the CubeSat top face and the BTSA dielectric back face with operation 

around the same resonant frequency of 8.4 GHz. Table 2 and Fig. 7(a) show how this antenna 

approach gives reflection coefficient well below -18.0 dB at 8.44 GHz with wide impedance 

bandwidths for five fundamental antenna positions along X and Y axes suing only an air gap 

distance of 1mm. Similar performances are assessed at a second air gap distance of 30mm, and 

it is discovered that the return loss and peak gain vs air gap distance evolve inversely or 

arbitrarily. In other words, extremely tiny air gap distances can affect the shape of radiation 

patterns, resulting in improved performances when compared to very large air gap distances. 

This principle is extremely essential in CubeSat antenna design since it results in reduced 

volume and high stiffness antenna arrangements. Furthermore, the use of antennas outside the 

CubeSat body reduces the necessity for excellent impedance matching at the CubeSat's working 

frequency. Furthermore, since just a few ground stations communicate with a CubeSat unit, a 

few hundreds of MHz are adequate for impedance bandwidths and hence the form of the 

radiation pattern, with HPBW and antenna peak gain being the primary antenna characteristics 

J_surf [A / m] E_field [V / m] 

a). 2D Radiation Pattern at 8.4 GHz. b). 2D Gain plot at 8.4 GHz. 
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for CubeSat applications. The results of the VSWR coefficient given in Fig. 7(b) and the 

features described in Figs. 8 and 9 confirm the same recommendations for the same operating 

frequency of 8.4 GHz.   
Table 2 - Reflection coefficient, VSWR and -10dB BW of proposed full system vs. antenna positions. 

Ant. positioning Pos. 7 Pos. 1 Pos. 2 Pos. 3 Pos. 4 Pos. 5 

(X; Y; Z) (31.5;0.5;30) (0;81.5;1) (0;41.5;1) (0;0.5;1) (0;-40.5;1) (0;-81.5;1) 

F0 in GHz 8.54 8.44 8.43 8.43 8.43 8.43 

|S11| (dB) -17.33 -18.46 -18.10 -18.73 -18.27 -18.84 

BW (GHz) 7.94- 9.19 8.22- 8.65 8.21-8.64 8.21- 8.65 8.2- 8.64 8.21- 8.65 

 

 

Fig. 7. Reflection and VSWR coefficients of proposed 2U CubeSat configuration. 

It is observed that the proposed Bow Tie slot antenna system mounted on the body of a 

2U CubeSat radiates unidirectionally at 8.4 GHz for the five antenna positions that are studied at 

1mm air gap distance along X, and Y-axis. However, it is proved that the long air gap distance 

between the antenna dielectric and the CubeSat box (i.e., 30mm) generates high-level back 

lobes whereas it leads to low stiffness and hence would imply a rate of mission failure. The air 

gap distance of 1mm achieves the highest antenna stiffness with unidirectional radiation pattern, 

very wide beamwidth angle for both E and H-planes and high gain of about 11 dBi at 8.4 GHz, 

see Figs. 10 and 11. Hence, integrating the proposed BTSA design with a 2U CubeSat at an only 

1mm air gap distance leads to obtain the desired features for an excellent CubeSat mission.  

 

a). Reflection coefficient vs. Frequency b). VSWR coefficient vs. Frequency 

Frequency Frequency 

a). Antenna Position 1: (X; Y; Z) = (0; 81.5; 1) b). Antenna Position 2: (X; Y; Z) = (0; 41.5; 1) 
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Fig. 8. E- and H- fields of proposed 2U CubeSat at 1mm: 8.4 GHz; [Phi=0°; 90°]. 

 

 

Fig. 9. E- and H- fields of proposed 2U CubeSat at 30mm: 8.4 GHz and [Phi=0°; 90°]. 

We can say, therefore, that the proposed lightweight and small size BTSA antenna system 

promotes the ability of building simultaneous transmission links with several earth segments 

and other CubeSats taken into consideration the area/energy-saving for multiple tasks by not 

d). Antenna Position 4: (X; Y; Z) = (0 ; -40.5 ; 1) c). Antenna Position 3: (X; Y; Z) = (0 ; 0.5 ; 1) 

e). Antenna Position 5: (X; Y; Z) = (0 ; -81.5 ; 1) 

a). Antenna Position 6: (X; Y; Z) = (-31.5; 0.5; 30) b). Antenna Position 7: (X; Y; Z) = (31.5; 0.5; 30) 

https://www.classicthesaurus.com/energy-saving/synonyms
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increasing the physical size and power consumption of proposed BTSA configuration. In 

addition to that, it is proved that the suppression of back lobe radiation and gain enhancement 

evolve inversely with the air gap distance. This recommendation is the first time obtained using 

slot antennas for CubeSats. It is due to the special configuration of Bow Tie slot antennas as 

compared with other shape of slot antennas. As it is mentioned in Figs. 10 and 11, results of 

peak gains for all cited antenna positions lead to recommend the same achievements. It is found 

that the air distance of 1mm gives peak gains of almost 11.0 dBi at 8.4 GHz while using 30 mm 

achieves peak gains smaller than 8.5 dBi despite the high volume of constructed designs. 

 

 

 

Fig.10. 2D gain of proposed 2U CubeSat mission at an air gap of 1mm: 8.4 GHz. 

a). Antenna Position 1: (X; Y; Z)=(0; 81.5; 1) b). Antenna Position 2: (X; Y; Z)=(0; 41.5; 1) 

d). Antenna Position 4: (X; Y; Z)=(0; -40.5; 1) c). Antenna Position 3: (X; Y; Z)=(0; 0.5; 1) 

e). Antenna Position 5: (X; Y; Z)=(0; -81.5; 1) 
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Fig. 11. 2D gain of proposed 2U CubeSat mission at an air gap of 30mm: 8.4 GHz. 

Fig.12 observes current distribution of proposed full CubeSat configuration at 8.4 GHz 

and proves the same conclusions at 1mm air gap distance with minimum interferences between 

the constructed Bow Tie slot antenna and other instruments inside the CubeSat box. Wherefore, 

it is obvious to wrap up that the major effects of using a small metallic part below the BTSA 

rear side to re-focus electromagnetic energy backed inside the CubeSat as back lobes and hence 

increasing field, as high as possible, outside the CubeSat and perpendicularly with its top face 

where the proposed antenna is welded. This allows enhancing the antenna gain and eliminating 

interferences with other electronic components using very small air interstice thickness of 1mm. 

This means that the maximum energy is radiated into space after integrating the proposed Bow 

Tie slot antenna with the box of a 2U CubeSat with the ability of high data rate communication 

with several ground stations on the earth surface.  

 

Fig. 12. Current distribution of proposed 2U CubeSat configuration at 8.40 GHz 

The developed Bow Tie slot antenna mounted on the box of a 2U CubeSat is low cost, 

lightweight, wide-band, and achieves good return loss (|S11| close to -20.0 dB) with peak gain 

of about 11.0 dBi, wide HPBW of almost 160° and very high efficiency (i.e., 99%) around a 

centered CubeSat frequency of 8.40 GHz. 

 

4. Summary of achieved Results and Brief Comparisons with Literature Works 

In this section, the achieved results are summarized in tables 3 and 4 and are studied 

according to their suitability for 0.5U, 1U, 2U, 3U and 6U CubeSat configurations for a more 

comprehensive study. The configured BTSA system is lightweight, very small volume, low 

a). Antenna Position 6: (X; Y; Z)=(-31.5; 0.5; 30) b). Antenna Position 7: (X; Y; Z)=(31.5; 0.5; 30) 
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cost, high stiffness and occupies small area on the CubeSat body. Therefore, geometrically and 

mechanically, it is very suitable for all CubeSat configurations. Electrically, this antenna design 

gives high gain of about 11.0 dBi, wide HPBWs (~160°), and wide -10dB BW which are very 

efficient for unlimited lifetime CubeSat missions at X-band. This means that the developed 2U 

AeroCube configuration can be used for hundreds of years after the satellite launch due to the 

absence of atmospheric drag at high altitudes, small sectorial area, low mass, high antenna gain 

and wide HPBW of proposed 2U CubeSat. In addition to that, the other CubeSat configuration 

can be targeted as high altitude satellite missions using the constructed Bow Tie slot antenna 

system since their masses and sectorial areas are close to each other. From another hand, the 

achieved wide band and wide HPBW make the whole configuration suitable to communicate 

simultaneously with several earth stations located in different places. 
Table 3 - design characteristics and achieved results at X-band. 

Characteristics Slot antenna design Full system 

Dielectric constant (Teflon) 2.1 2.1 

Dielectric thickness (Teflon) 1.2 mm 1.2 mm 

Physical size 37 mm × 37 mm 37 mm × 37 mm 

Operating frequency  8.40 GHz 8.40 GHz 

Return Loss (8.4 GHz) ~ 20.0 ~20.0 

VSWR (8.4 GHz) Close to one Close to one 

Beamwidth angle (8.4 GHz) × Very wide 

Radiation Pattern (8.4 GHz) Bidirectional Unidirectional 

Back lobes (8.4 GHz) Important minimum 

Gain  (8.4 GHz) 5.91 dBi ~11.0 dBi 

 

Table 4 - Suitability for CubeSats at X-band (8.40 GHz). 

Characteristics Full System 

Surface / 0.5U CubeSat’s top face (10×5 cm
2
) 27.38% 

Volume / 0.5U CubeSat’s volume 3.28‰ 

Surface / 1U CubeSat’s top face (10×10 cm
2
) 13.69% 

Volume / 1U CubeSat’s volume 1.642‰ 

Surface / 2U CubeSat’s top face (10×20 cm
2
) 6.84% 

Volume / 2U CubeSat’s volume 0.821‰ 

Surface / 3U CubeSat’s top face (10×30 cm
2
) 4.56% 

Volume / 3U CubeSat’s volume 0.547‰ 

Surface / 6U CubeSat’s top face (20×30 cm
2
) 2.28% 

Volume / 6U CubeSat’s volume 0.2.73‰ 

Power consumption Very low 

Radiation Directional antenna 

Beamwidth Angle Very wide 

Interferences with CubeSat subsystems Minimum 

Power dissipation  Negligible 

Gain ~11.0 dBi 

Cost Very low (<10 $) 

Mass Lightweight 

Suitability for All CubeSat Configurations Very suitable 

From another hand, tables 5, 6 and 7 compare the constructed antenna system with 

similar antenna designs that can be used for CubeSats in terms of their geometrical parameters 

or electrical properties. Not that the suitability for a CubeSat mission is studied in terms of 

geometrical, mechanical and electrical characteristics of proposed antennas. Therefore, an 

antenna system can be used for a CubeSat configuration if it satisfies all geometrical, 

mechanical and electrical requirements of the CubeSat mission. Compared to all antenna 

systems developed in (Paiva et al., 2019; Naqvi & Lim, 2018; Chaimool et al., 2019; Gupta et 

al, 2018), our suggested BTSA design provides the maximum gain with extremely high 

stiffness, smallest area, and lowest volume. Furthermore, its cheap cost makes our BTSA 

system the best choice for infinite lifespan CubeSat missions employing all CubeSat designs, 

like the UM5-Ribat and UM5-EOSAT CubeSats of University Mohammed V in Rabat. On the 

other hand, the works presented in (Paiva et al., 2019; Naqvi & Lim, 2018; Chaimool et al., 

2019; Gupta et al, 2018) used metasurfaces to improve radiating properties, and therefore the 

chance of mission collapse is too high due to their weight and poor stiffness. Furthermore, the 
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small size of our BTSA design allows the CubeSat constructor to install more solar arrays on the 

aluminum chassis of the proposed 2U CubeSat to generate as much electric power as possible, 

thereby increasing the productivity of functions scheduled for small and medium-sized CubeSat 

missions. Furthermore, our suggested BTSA system is powered by a simple 50Ω strip line, 

requiring less power, which is restricted on CubeSats and tiny spacecraft. This is critical for 

CubeSats since it provides electrical energy to the other CubeSat circuits, increasing both the 

satellite's lifetime and mission output. 
Table 5 - Comparison of propose BTSA and some works that used Metasurfaced antenna designs. 

Reference (Paiva et al., 2019) (Naqvi & Lim, 

2018) 

(Chaimool et al., 

2019) 

(Gupta et al, 

2018) 

Our works 

Frequency 2.45 GHz 2.45 GHz 2.45 GHz 11.40 GHz 8.40 GHz 

Size in mm
2
 96.5×96.5 120×120 80×80 100×100 37 ×37 

Dielectric 

Material 

RO4350 FR4 / RO3003 FR-4 FR-4 Teflon 

Feeding System 50Ω strip line 50Ω aperture 

coupled feed 

50Ω strip line 50Ω coaxial 

probe 

50Ω strip line 

Antenna 

Approach / 

Technology 

Metasurface 

+ 

Use of a 45° 

chamfered square 

ring shape in the 

upper left and 

lower right corners 

of unit cells 

2 microfluidic 

metasurfaces 

+ 

Injection of liquid 

metal (EGaIn) 

+ 

Use of 

polydimethylsiloxa

ne (PDMS) 

Reconfigurable 

Metasurface 

+ 

PIN diode bias 

Minkowski 

fractal-shaped 

metamaterial 

(MTM) 

+ 

defected ground 

plane 

Quasi 

Newtonian 

Method (QNM) 

+ 

Use of 2U 

CubeSat top 

face as reflector 

RL (dB) 33.0 ~ 14.0 ~ 27.0 28.1 ~ 20.0 

Radiation 

Pattern 

Unidirectional 

(Main lobe +low 

back lobe) 

Bidirectional 

(Main lobe ~ back 

lobe) 

Bidirectional 

(Main lobe + 

back lobe) 

Multi-lobes: 

Main lobe + 2 

side lobes + 3 

back lobes 

Unidirectional 

(Main lobe 

+very low back 

lobe) 

Peak Gain 5.69 dBi ~6.0 dBi ~ 6.0 dBi 8.9 dBi ~11.0 dBi 

Stiffness Low Low Low Low Very High 

CubeSat 

Standard 

3U 6U 3U 3U 2U 

Interferences low √ √ √ minimum 

Power Losses Low Important Important important minimum 

Orbits (mile) Low orbits × × × Medium & deep 

orbits 

The antenna design that the authors of (Panda et al., 2020) have presented is 

geometrically unsuited for any CubeSat configuration because of its greater dimensions in 

relation to 1U, 2U, and 3U standards, as well as its relatively poor gain for 6U CubeSats, which 

are mostly utilized for interplanetary purposes. Furthermore, if the 6U arrangement is 

recommended and the link can be guaranteed by utilizing extremely high gain earth segments, it 

provides a multi-lobe radiation pattern that permits large interferences with other components. 

The antenna configurations presented in (Samantaray & Bhattacharyya, 2020) (Kaur & Kaur, 

2019) (Mahendran et al., 2021) meet all of the geometrical and mechanical requirements for any 

CubeSat configuration. However, because of their multilobe radiation pattern, their main 

drawback—which prevents them from being used in space—is the extremely high interference 

they cause with other circuits inside the satellite box. Conversely, their gains fall short of 10 

dBi, which is why our BTSA design achieves the highest gain at X-band while maintaining the 

lowest cost and volume. Although the antenna systems described in contributions (Ali et al., 

2018) (Anand  & Chawla, 2020) (Bag et al., 2020) (Bhattacharya et al., 2021) (Han et al., 2020) 

(Eslami et al., 2021) (Mishra, 2019) (Srivastava et al., 2020) (Salamin et al., 2019) (Tewary et 

al., 2021) (Sahoo et al., 2018) satisfy all geometrical and mechanical requirements for all 

CubeSat standards, their extreme back lobe radiation limits their applicability for use on 

CubeSats. They have extremely high failure rates because to their high losses and strong 

interference tolerance. The extremely low return loss and poor gain at X-band of the antenna 

design created by the authors of (Mishra & Mangaraj, 2019) make it unsuitable for integration 
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with CubeSats, despite its unidirectional radiation pattern, compact size, and strong rigidity. 

Similarly, it results in significant electrical energy losses that are severely limited on CubeSats. 
Table 6 - Geometrical comparison of the proposed BTSA with some Patch antenna designs at X-band 

Reference F0 in GHz Volume [mm
3
] Dielectric Material Feeding System 

(Panda et al., 2019) 10 380 × 148 × 1.6 FR4 50Ω strip line 

(Samantaray & Bhattacharyya, 

2020) 

10.94 28×28×8.4 FR4 50Ω strip line 

(Kaur & Kaur, 2019) 9.6 27.5×42.5×1.57 FR4 50Ω strip line 

(Mahendran et al., 2021) 9.7 50×30×1.6 FR4 50Ω strip line 

(Ali et al., 2018) 10.44 35 × 30 × 1.6 FR4 50Ω strip line 

(Anand  & Chawla, 2020) 8.2 40×40×3.2 FR4 50Ω strip line 

(Bag et al., 2020) 8.94 50×30×1.6 FR4 50Ω strip line 

(Bhattacharya et al., 2021) 10 46.7×46.7×3.2 FR4 4 Apertures 

Han et al., 2020) 10 13.39×9.16×4.4 Rogers RO3003 50Ω CPW line 

(Eslami et al., 2021) 8.95 34×36×1.6 FR4 50Ω strip line 

(Mishra, 2019) 11 32×32×1.6 FR4 50Ω strip line 

(Srivastava et al., 2020) 9 25×26×1.6 FR4 50Ω strip line 

(Salamin et al., 2019) 10.8 52.8 ×52.8× 21.2 FR4 50Ω strip line 

(Tewary et al., 2021) 8.15 37×35×3.4 Laminate Aperture 

(Sahoo et al., 2018) 9 13×14×1.5 FR4 50Ω strip line 

(Yadav et al., 2020) 8.19 80×36×1.575 RT-Duroid 5880 50Ω SIW line 

(Chen & Shie, 2019) 9.2 40× 30× 5.1 RT-Duroid 5880 50Ω strip line 

(Mishra & Mangaraj, 2019) 9 20×20×2.5 FR4 50Ω coaxial probe 

(Prabhu et al., 2020) 9.3 8×16×4.8 FR4 50Ω coaxial probe 

(Bhongale, 2019) 10.5 22.5×22.5×2 Mg-Nd-Cd ferrite 50Ω coaxial probe 

Our work 8.4 37×37×1.2 Teflon 50Ω strip line 

 

Table 7 - Electrical comparison of the proposed BTSA with some Patch antenna designs at X-band 

Reference F0 in GHz RL [dB] Radiation Pattern Peak Gain Power Losses 

(Panda et al., 2019) 10 46.25 Multi-Lobes 4.52 dBi High 

(Samantaray & Bhattacharyya, 

2020) 

10.94 ~ 25 Multi-Lobes 8.17 dBi High 

(Kaur & Kaur, 2019) 9.6 ~ 40 Multi-Lobes ~4 dBi High 

(Mahendran et al., 2021) 9.7 ~ 25 Multi-Lobes 2.09 dBi High 

(Ali et al., 2018) 10.44 ~ 23 Bidirectional ~7.5 dBi High 

(Anand  & Chawla, 2020) 8.2 ~ 28 Bidirectional 7.023 dBi High 

(Bag et al., 2020) 8.94 ~ 30 Bidirectional ~5.5 dBi High 

(Bhattacharya et al., 2021) 10 ~ 30 Bidirectional 2.5 dBic Very High 

(Han et al., 2020) 10 26 Bidirectional 6.72 dBi High 

(Eslami et al., 2021) 8.95 15 Bidirectional 2.63 dBi Very High 

(Mishra, 2019) 11 ~ 15 Bidirectional 2.2 dBi High 

(Srivastava et al., 2020) 9 ~ 25 Bidirectional 6.2 dBi High 

(Salamin et al., 2019) 10.8 ~ 27 Bidirectional ~3 dBi High 

(Tewary et al., 2021) 8.15 ~ 22 Bidirectional 5.33 dBi High 

(Sahoo et al., 2018) 9 ~ 25 Bidirectional ~2.2 dBi Very High 

(Yadav et al., 2020) 8.19 ~ 25 unidirectional 9.6 dBi Medium 

(Chen & Shie, 2019) 9.2 ~ 38 unidirectional 7.8 dBi medium 

(Mishra & Mangaraj, 2019) 9 low unidirectional Not assigned high 

(Prabhu et al., 2020) 9.3 ~ 28 unidirectional ~8 dBi low 

(Bhongale, 2019) 10.5 ~ 30 unidirectional 0.46 dBi Low 

Our work 8.4 ~ 20 unidirectional ~11 dBi Negligible 

The antenna approach described in (Bhongale, 2019) results in a relatively low gain at X-

band (0.46 dBi), which can only be utilized for specific nearfield applications under specified 

conditions. As a result, it does not meet the suitability criterion for CubeSat missions. Compared 

to antenna systems created in (Yadav et al., 2020) (Chen & Shie, 2019), our configured Bow Tie 
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slot antenna design allows for greater gain, occupies the smallest volume, consumes very little 

electric energy, and is a low-cost CubeSat antenna system. Furthermore, our created BTSA 

system has a substantial advantage over the antenna system developed using the technique of 

(Prabho et al., 2020) because to its minimal power losses, greater gain, lightweight, and low-

cost design. As a consequence, our Bow Tie Slot antenna solution outperforms all other listed 

antenna techniques, meeting all CubeSat requirements.  

 

5. Conclusions and Future Works 

In this study, a Bow Tie Slot antenna design integrated with a 2U CubeSat integration is 

suggested for the first time. It is small size, lightweight, low power consumption, and highly 

compatible with all CubeSat configurations, including 0.5U, 1U, 1.5U, 2U, and 3U. 

Additionally, in order to improve its stiffness and radiation properties, such as the antenna 

boresight gain and HPBW at 8.4 GHz (X-band), the air-gap distance is lowered to only 1 mm. It 

is discovered that the devised method offers a very broad HPBW of almost 160° at 8.4 GHz, a 

unidirectional radiation pattern, and a peak gain of about 11.0 dBi. Besides that, employing 

small-sized CubeSat designs as UM5-Ribat and UM5-EOSAT of University Mohammed V in 

Rabat, broad bandwidths of 430 MHz and substantial return losses are generated at the same X-

band operating frequency, increasing its usefulness for CubeSat communications. 
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