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Abstract: This paper studies the suitability of shorted patch and CPW-feed square slot 

antennas for CubeSat communications. To study the effect of the CubeSat body on the 

antennas performance, we have simulated both antennas in the High Frequency 

Structure Simulator (HFSS) with and without the CubeSat body. Compared to CPW-

feed square slot antenna, the shorted patch antenna achieves higher gain and wider 

bandwidth. We have also re-dimensioned both antennas to shift their resonant 

frequencies to 2.45 GHz using Quasi Newton method in HFSS. This thus enables their 

use in the unlicensed ISM band. The repurposed shorted patch has smaller return loss; 

e.g., -27.5 dB (without CubeSat), higher gain; e.g., 5.3 dBi and wider bandwidth than 

the repurposed CPW-feed Square slot antenna. Lastly, further enhancement in the gain 

of re-dimensioned CPW-feed square slot antenna shows an increase of total gain from 2 

to 2.52 dB.  
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1. Introduction 

 CubeSats have a wet mass ranging from 1.3 (1U) to 6 kg (3U) and employ commercial off-

the-shelf electronics [1, 2]. A key advantage of CubeSats is that they are small, lightweight and 

have the ability to form a constellation of cube satellites that communicate directly with one 

another [3]. Another advantage of CubeSats is that they can be networked to form CubeSat 

swarms [4]. They can jointly maintain a fixed or relative position with each other in a 

distributed manner. Figure. 1 depicts a standard model of 1U CubeSat. This 1U CubeSat has a 

fixed size of 10cm×10cm10cm with a mass of about 1kg [5, 6].   

 
Figure 1. 1U cube satellite 

 

 Cross link communication between CubeSats in a swarm is vitally important as it provides 

direct connectivity between CubeSats without the need for intermediate ground stations.  
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 Therefore, it is critical CubeSats employ an antenna system that provides wide directivity 

and establishes inter CubeSat communication links [7, 8]. However, there are many challenges 

when designing such an antenna for CubeSat. These challenges include limited power, size and 

low mass constraints. This means CubeSats can only be equipped with lightweight and small 

antennas that have low power consumption. Also, the gain and bandwidth are important for 

between CubeSats and ground stations. 

 The shorted patch design [9] and The CPW-feed square slot antenna [10] address the stated 

design requirements of cube satellites. In [10], Laio and Chu present a design of CPW-feed 

square slot antenna that has wide circular polarization bandwidth. This is important as helps 

enhance the reception of weak signals and achieves the best signal strength. The antenna has a 

total size of 60×60 mm
2
; it is fabricated on a FR4 substrate that is 0.8 mm thick. More details 

on [9] and [10] are presented in Section 4.  

 To the best of our knowledge, no work has compared designs [9] and [10] on a common 

platform in terms of their suitability for a CubeSat communications. Therefore, we have built 

and compared both designs (with and without CubeSat) using a finite element method (FEM) 

based High Frequency Structure Simulator (HFSS) [11]. Typically, the antenna will be fed 

from a high data rate radio such as the one described in [12]. In the following sections, we first 

present the shorted patch and CPW-feed square slot Antenna designs [9, 10] with and without 

CubeSat. Also, the improvements to shift their operating frequency to 2.45 GHz (S-band) are 

presented. Moreover, further improvements in the total gain of [10] are applied to increase the 

resulting low gain after re-dimensioning.  

 

2. Shorted Patch Antenna  

 The simulation model of the shorted patch antenna [9] on 2U CubeSat body is depicted in 

figure 2. It has two patches; 18×15 mm
2
 upper patch and 7.5×6.5 mm

2
 lower patch. They are 

connected to a 30×30 mm
2
 ground plane via four shorting pins and a probe feed. The main aim 

of using the shorting pins at the edge of the upper patch is to achieve miniaturization at wide 

BW. The centre shorting pin is used to enhance the impedance bandwidth of the shorted patch 

antenna by generating another two resonant frequencies of 4.45 and 7 GHz.  

 

 
Figure 2. Geometry of shorted patch antenna on 2U CubeSat body 
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3. CPW-feed Square Slot Antenna  

Figure 3 shows the structure of the square slot antenna model [10]. A distance (air gap) 

between the antenna and the satellite body is kept to prevent any contact between the back side 

(dielectric) of the antenna and the surface of the satellite body. This thus decreases the 

capacitance between the upper ground plane and the CubeSat body and leads to higher gains. 

The CPW-feed square slot antenna has a total size of 60×60 mm
2
; it is fabricated on FR4 

substrate having thickness of 0.8mm. Coplanar Wave Guide (CPW) feed line technique is used 

with a fixed width of a single strip; i.e., 4.2 mm and the distance of the gap between the line 

and ground plane is 0.3 mm in order to achieve 50 Ω matching. In addition, the CPW-feed 

square slot antenna operates at 3.2 and 9.1 GHz; see Figure. 4. Its first operating frequency 3.2 

GHz is shifted to 2.45 GHz (S-band) by re-dimensioning the entire antenna parameters. Quasi 

Newton optimization method is used for the re-dimensioning process to achieve an operating 

frequency of 2.45 GHz. The antenna size is increased by 1.25 mm and has achieved a return 

loss S11 of -25 dB at an operating frequency of 2.45 GHz.   

 

 
Figure 3. Geometry of CPW-feed square slot antenna on 2U CubeSat body 

 

 

4. Quantitative Evaluation  

 We now provide a quantitative comparison and evaluation between shorted patch and 

CPW-feed square slot antennas.  
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A. Quantitative Comparison  

 We now compare the original designs of [10] and [9] in terms of return loss, bandwidth, 

gain and antenna size. We also study the effect of the CubeSat Aluminium body on the 

performance of the antenna designs. Figure. 4 plots the return losses of shorted patch and 

CPW-feed square slot antenna with and without CubeSat body. We see that the CubeSat body 

has a significant effect on the shorted patch antenna performance and very small effect on 

CPW-feed square slot antenna performance; see Figure. 4 and 5. The return loss of shorted 

patch antenna is dramatically improved (decreased) from -26.3 to -43.3 dB when it is placed on 

CubeSat surface. This is important as more power is radiated into space and less power is 

reflected.  

   
Figure 4. The simulated return loss of shorted patch and CPW-feed square slot antennas with 

and without CubeSat 

 

 
Figure 5. The simulated 2D gain of shorted patch and CPW-feed slot antenna with and without 

CubeSat body 
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 As shown in Figure 5, the peak gains of shorted patch antenna at 4.3 GHz are 4 dB (without 

CubeSat) and 6.2 dB (with CubeSat). Moreover, the peak gain of the CPW-feed slot antenna 

has slightly improved; i.e., 1.93 dB when the antenna is place on CubeSat surface. The peak 

gains of the CPW-feed square slot antenna are 2.8 dB (without CubeSat) and 3.1 dB at 3.55 

GHz. However, this is not at the resonant frequency; i.e., 3.2 GHz. Compared to the CPW-feed 

square slot antenna, the shorted patch antenna has wider bandwidth; i.e., 1600 MHz, and higher 

gains; i.e., 4 dB (without CubeSat) and 6.2 dB (with CubeSat). This is important for cube-

satellites as it increases the directivity and hence provides longer communication distance 

between CubeSats in a swarm and ground stations.  

 

B. Re-dimensioning  

 In this section, we present and compare the results of the re-dimensioned shorted patch and 

CPW-feed square slot antennas with CubeSat body. The operating frequencies of both antennas 

are shifted to 2.45 GHz by increasing their physical sizes. We have used the Quasi Newton 

method which is available in HFSS [13]. This method is used to increase the antenna size until 

it achieves a minimum return loss at an operating frequency of 2.45 GHz. In order to achieve a 

minimum return loss at 2.45 GHz, the sizes of shorted patch and CPW-feed square slot 

antennas are increased from 30×30 mm
2
 to 83×83 mm

2
 and from 60×60 mm

2
 to 75×75 mm

2
 

respectively. 

 Figure 6 depicts the simulated return losses of 2.45 GHz shorted patch and CPW-feed 

square slot antennas with and without CubeSat. Both modified antennas operate at 2.45 GHz as 

their first resonance frequencies have been shifted to 2.45 GHz. The simulated fractional 

impedance bandwidth of the re-dimensioned shorted patch and CPW-feed square slot antennas 

are 900 and 550 MHz respectively.  

 Figure 7 presents the 2 D simulated gains of the modified shorted patch and CPW-feed 

square antennas with CubeSat at 2.45 GHz. Compared with the modified CPW-feed square slot 

antenna, as shown in Figure. 6, Figure. 7, the modified shorted patch antenna has wider -10 dB 

bandwidth; i.e., 900 MHz, less return loss; i.e., -27.5 dB, and higher antenna gain; i.e., 5.3 dB 

at resonant frequency 2.45 GHz but it has larger antenna size. The main limitation of the 

modified CPW-feed square slot antenna is the simulated low gain at 2.45 GHz. Hence, further 

improvements are proposed and applied in order to enhance its total gain in the following 

section.  

  

 
Figure 6. Simulated return losses of re-dimensioned shorted patch and CPW-fed slot antennas 

on 2U CubeSat 
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Figure 7. The simulated 2D gain of the modified shorted patch and CPW-feed slot antenna 

     

C. Gain Enhancement of CPW-feed Square Slot Antenna 

 We now try to improve the gain of the re-dimensioned CPW-feed square slot antenna by 

changing its geometry and adjusting the length of the horizontal tuning stub Lt.  

 Figure 7 shows the new structure of the re-dimensioned CPW-feed square slot antenna after 

removing the F-shaped slits and creating a square slot. F-shaped slits were embedded in the 

design of [10] to enlarge the bandwidth, i.e., 1700MHz. However, removing F-shaped slits 

from the antenna structure leads to a significant decrease in the bandwidth, i.e., 550 MHz and 

hence increases the total antenna gain from 2.00 to 2.52 dB; see Figure. 8. Moreover, the 

resulted bandwidth has been reduced from 1700 MHz to 550 MHz but still wide enough for 

CubeSat communications.  

 
Figure 8. Geometry of re-dimensioned CPW-feed square slot antenna without F-shaped slits 
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Figure 9. Total 3D gain of re-dimensioned CPW-feed square slot antenna after removing F-

shaped slits 

 

 The main limitation of removing F-shaped slits is the mismatching and the shift of an 

operating frequency a way from 2.45 GHz. As shown in Figure. 9, the length of the horizontal 

tuning stub Lt has a great effect on the impedance bandwidth and the total gain. Figure 9 

illustrates that with decreasing Lt the operating frequency increases and return loss (S11) 

decreases and hence better impedance matching is achieved. The best obtained value for Lt is 

7.5 mm. This value shifts the operating frequency to 2.45 GHz with a small return loss, i.e., -

27.5 dB, wide-10 dB bandwidth of 730 MHz (1.9-2.63 GHz) and total gain of 2.52 dB. An 

immediate future work is to apply further gain enhancement and size miniaturization 

techniques such as the Metasurface Superstare (MSS) [14-16] to increase gain and using series 

of parallel strip lines [17] or loading wires [18] to achieve further miniaturization.  

 

 
Figure 10. Simulated return loss against frequency for the various Lt 
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5. Conclusion  

 This paper studies and compares the repurposed shorted patch and CPW-feed square slot 

antennas for CubeSat communications. They are implemented on the 2U CubeSat body. The 

paper presented the effects of the CubeSat surface on the antenna performance. We have used 

quasi Newton algorithm technique to shift the operating frequency of shorted patch and CPW-

feed square slot antennas to 2.45 GHz (S-band). Moreover, simulation results show that the 

modified shorted patch and CPW-feed square slot antennas have return losses that are well 

below -10 dB at the operational frequency of 2.45 GHz, and achieves impedance bandwidths of 

900 and 550 MHz respectively. We have also presented a gain enhancement of the modified 

CPW-feed square slot antenna. This improved CPW-feed square slot antenna has a resonance 

frequency of 2.45 GHz and provides a total gain of 2.52 dB at 2.45 GHz. 
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