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Abstract - This paper presents the studies of a novel circularly polarized stacked patch antenna for inter pico-satellites 
communications in S-band. Limited size, low mass, circular polarization, high gain and wide bandwidth are the main 
challenges of the antenna design for CubeSats. A combination of gain and bandwidth enhancement techniques including 
sequential phase-rotation and stack configuration has been performed to fulfil the requirements for Cube Sat antennas. The 
proposed antenna consists of four corner truncated square patches, the radiating patches on the upper layer substrate, fed by a 
coaxial probe feed in the ground plane through a power driven patch including asequential phase feeding network with a 
combination of two L-shapedparasitic patches and a slot on the lower layer substrate. The feeding point is placed at (xo, yo) 
of the driven patch where a point to match 50 ohm impedance of transmission line. These two antenna layers are stacked-up 

to form a single stacked patch antenna. For each layer, FR-4 Epoxy, which has dielectric constant and loss tangent of 4.4 and 
0.025 with thickness of 1.6mm, has been considered as substrate material. After the study of the proposed antenna model, a 
stack patches with patch arrays configuration accomplished the requirements. The antenna model has been simulated at the 
resonant frequency of 2.45GHz using Computer Science Technology CST studio suite student edition. In this configuration, 
the maximum gain of 8.6-9.1 dB within the entire frequency range (2.414-2.518GHz), attaining the gain value 8.2 dB at the 
target resonant frequency 2.45 GHz and -10 dB impedance bandwidth is104MHz has been achieved. Radiation pattern 
shows a beam width of 60°-76° in this frequency range. Good circular polarization and a 3dB axial ratio bandwidth of 
84MHz within the frequency range (2.403-2.487GHz) are obtained in this antenna configuration. 
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I. INTRODUCTION 

 

In recent years, Cube Sats are revolutionizing access 

to space: developers and users are eagerly taking 

advantage of this new platform to increase research 

and development activities conducted in space [1].A 

Cube Sat is a type of miniaturized satellite used 

primarily by universities for space exploration and 

research, typically in low Earth orbits (e.g. sun-
synchronous). The weight of Cube Satsis no more 

than 1.0 kg, whereas their electronic equipment is 

made of Commercial Off-The-Shelf (COST) 

components [9]. Different classifications of small 

satellites are categorized based on mass [8]:mini-

satellite (100-500kg),micro-satellite(10-100kg),nano-

satellite (1-10kg), pico-satellite (0.1-1kg) and femto-

satellite(0.01-0.1kg).All pico-satellites have a fixed 

face size of 10cmx10cm with three different depth 

dimension configurations: 10cm (1U), 20cm (2U) and 

30cm (3U) [14]. These lengths correspond to the 
requirement of the Poly-Pico-satellite Orbital 

Deployer (P-POD)[7]. Micro-satellites can use radio 

communication systems in the VHF, UHF, L-, S-, C- 

and X- band. On-board communication systems must 

be much smaller and thus more up-to-date than what 

is used in conventional satellites, due to space 

constrains. Therefore, the main reason for 

miniaturizing satellites is to reduce the cost of 

deployment: heavier satellites require larger rockets 

of greater cost of finance; smaller and lighter 

satellites require smaller and cheaper launch vehicles, 

and are often suitable for launch in multiples [10]. 

Typically, Cube Sats rely on VHF/UHF 

communications systems with deployable monopole 

or dipole antennas for low bit rate uplink and 

downlink (telecommands and telemetry) while, for 

high bit rates, S-band is among the favourite choices 

as the range 2.4 GHz-2.45 GHz is one of the 

International amateur satellite frequency ranges 

allocated by the International Telecommunication 

Union [13]. However, the most suitable frequency 
band for pico-satellites is the S-band (2-4 GHz) [5]. 

The most common type of modern small satellites is 

CubeSat that made up of 10 x 10 x10 cm3 and has a 

weight less than 1.33 kilograms per unit. Cubesat 

faces a challenge of extremely stringent 

accommodation requirements, leading to the need of 

antenna system to be miniaturized and integrated [1-

2], [4-5]. This paper discusses the methodologies in 

which, designing pico-satellites from the antenna’s 

point-of-view. A key advantage of Cube Sats 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 Cub Sats is that they can be networked 

to form Cube Sat swarms [4]. They can jointly 

maintain a fixed or relative position with each other 

in a distributed manner [5-6]. In particularly, it 

decreases the requirement for satellite-to-ground 

communications and thus, supports the energy saving 

and allows the execution of distributed processing 

algorithms on the satellites themselves. 

Consequently, satellite to satellite or cross link 

communication is critical. There are many antenna 
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design challenges for pico-satellites such as small 

size and low mass, circular polarization, impedance 
matching, high gain and wide bandwidth, beam steer 

ability and frequency re-configurability [5]. In this 

paper, we design and evaluate a novel S-band stacked 

patch antenna in which six methods such as, stack 

configuration, coaxial probe feeding, corner, L-shape 

parasitic elements, diagonal slot and sequentially 

phase rotation by 90 degree are contributed to achieve 

good performance of the designed antenna that is 

satisfied the specifications of pico-satellite 

communications. Therefore, in the present study we 

used technique for miniaturization of double patch 

antenna with a good gain and satisfactory impedance 
bandwidth for S-band. We used four corner truncated 

patches rotated sequentially by 90° on the first layer 

substrate. We also employed combination of two L-

shaped parasitic patches and a diagonal slot in the fed 

patch on the second layer substrate. By the 

combination of all these proposed techniquesit 

produced frequency response within the frequency 

range of 2.413-2.518GHz and impedance bandwidth 

and gain are satisfactory for pico-satellites. In 

addition, this paper has the following structure. 

Section II explains the geometry of the proposed 
antenna model and methodologies contributed in the 

design to achieve good ability such as high gain wide 

bandwidth and good circular polarization for inter 

pico-satellite communications at S band. Section III 

presents the simulated results of the antenna in terms 

of return loss, axial ratio bandwidth, impedance 

bandwidth and gain. The paper concludes with 

Section IV. 

 

II. ANTENNA CONFIGURATION 

 

 
Fig. 1Overview of Proposed Antenna Model 

 

CST (computer simulation technology) Microwave 

Studio [6] is used for antenna design and simulation. 

Basic configuration of the circularly polarized 
stacked microstrip patch antenna is shown in Fig.1. 

The thickness and dielectric of each dielectric layer 

are h1 = h2 = 1.6 mm and ℰr1 = ℰr2 = 4.4. The size of 

the dielectric substrate is fixed at 100 mm x 100 mm. 

The optimal dimensions of the proposed antenna are 

as follows. For the upper layer geometry: w1 = 24 

mm, l1=24mm, d1 = 60 mm, d2 = 64 mm, 

m1=m2=4mm. For lower layer geometries: 

w2=w3=4mm, (x0, y0) = (-9,9),  l2=19mm, 
l3=21.5mm, l4=22mm, l5=21mm, d3=16.5mm, 

d4=13mm, d5=18mm, d6=15mm, l6=4mm, 

l9=4.3mm, l7=1mm, l8=1.2mm, s1= 40mm, 

s2=37mm, s3=0.8mm,s4=6mm, a=5mm, b=13.55mm, 

c=9.55mm. Fig 2 (a) shows the upper layer geometry 

in which we have four patches and each patch with 

the length of 28mm and width 28 mm. On the patch 

we have designed cutting two corners of equal length 

and width (length 4mm and width of 4mm). Then we 

arranged four patches by using sequential phase-

rotation technique, is a popular approach for steering 

antenna beams. In addition, the main idea is to feed 
each sub array element sequentially by making 

adjacent patches orthogonally oriented 90° to 

improve circular polarization at the following phase: 

0°, 90°, 180°, and 270° [10]. According to this 

arrangement, the antenna produced left hand circular 

polarization (LHCP) and a high gain of 8.2 dB at the 

operational frequency 2.45 GHz. 

 

 
(a) Upper Layer Model(c)  Layer Stacked -Up Model 

 
(b) Lower Layer Model 

Fig. 2 Layout of the Antenna(a) Upper Layer Model, (b) Two 

Layer Stack-up Model and (c) Lower Layer Model 

 

In Fig. 2 (c), the geometry of the second layer 
antenna is illustrated. The central part is the feeding 

network which consists of a slot and four rectangular 

strips are added at each side of an octagonal shaped 

patch. Four strips have equal widths and lengths of 4 

mm x5mm. The main idea of the slot on the surface 

of the driven patch is used for miniaturization and to 

provide better circular polarization radiation of the 

antenna. The dimensions of the slot control the result 

of the axial ratio bandwidth. The stacked antenna 

design is fed coaxially at the central patch keeping 

the other two L-shaped patches as parasitic patches. 
The parasitic patches increase current distribution 
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path and it provides capacitive effect which 

counteracts inductance of the probe so bandwidth 
improvement is obtained due to L-shaped patch 

[12].The feeding point is placed on the driven patch 

where a point to match 50Ωimpedance of the 

transmission line. The final antenna system has been 

achieved by assembling the two FR-4 substrates in a 

single structure. This is done by connecting the 

bottom surface of the upper substrate layer with the 

top surface of the lower substrate layer using 

electrical conductive glue. The side view of the 

stacked antenna configuration is shown in Fig. 2(b). 

 

III. RESULTS AND DISCUSSIONS 

 

We study the performance of the S-band stacked 

patch antenna model in terms of reflection coefficient, 

Voltage Standing Wave Ratio (VSWR), impedance 

bandwidth, axial ratio bandwidth and gain by using 

the CST simulation tool. We do not take account the 

effect of a Cube Sat body in our study. 

 

A. Reflection Coefficient and Impedance 

Bandwidth 

 

 
Fig.3Reflection Coefficient vs. Frequency 

 

Fig. 3 shows the simulated result, S11 of the antenna 

within a frequency range of 2.414 to 2.518 GHz. We 

see that the stacked patch antenna achieves a wide 

bandwidth at VSWR ≤ 2. The higher resonant 

frequency is controlled by the upper patch antenna 

and the lower resonant frequency is excited by the 

lower layer patch antenna. The reflection coefficient 

is an indication of the proportion of the incident 

power which is reflected back into the feed line. This 

yields reflection coefficient (S11) around -20 dB at 
2.45GHz and -10 dB impedance bandwidth is 

achieved 104MHz (4.24%) within the entire 

frequency range. The S11 value of -22.9 dB is 

sharpened at the 2.458 GHz. 

 

B. Peak Gain and 3-dB Axial Ratio 

 

Fig. 4 shows the simulated axial ratio of the S-band 

stacked patch antenna. The antenna’s axial ratio is 

1.88 and 1.01 dB at frequencies of 2.45 and 2.48 GHz, 

repectively. The antenna produces axial ratio of less 

than 3 dB over 2.403-2.487 GHz and  has the AR 
bandwidth  is 84 MHz. Fig. 5 shows the gain of the S-

band Stacked patch antenna versus varying 

frequencies. The gain value of the antenna at the 

resonant frequencies 2.45 and 2.48 GHz are 8.22 and 

8.27dB, respectively. The peak gain of the antenna is 

9.13 at a resonant frequency of  2.518 GHz. A very 

high gain is needed for S-band antennas to be used on 

pico-satellites for long distance communications. 

 

 
Fig. 4 Axial Ratio at θ=0° 

 

 
Fig. 5 Gain vs. Frequency 

 

C. Radiation Patterns 
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Fig.6 Simulated RHCP and LHCP Radiation Pattern of 2.48GHz at (a) φ=0
o
 (b) φ=90

o
 

 
Fig. 7 Simulated RHCP and LHCP Radiation Pattern of 2.45GHz at (a)  φ=0

o
 (b) φ=90

o
 

 

The cirular polarization of the antenna is discussed 

here. Fig. 6(a) and (b) show the simulated right-hand 

circular polarization (RHCP) and left-hand circular 

polarization (LHCP) radiation patterns normalized by 

the maximum value of the LHCP in xz- and yz-planes 

the the frequencies giving the minimum axial ratio. 

For the pico-satellites, it is required to have wide 

beamwidths with 3dB-axial ratio.The simulated 
beamwidth at the resonant frequency 2.48GHz, which 

giving the minimum axial ratio within the frequency 

range of 2.403 to 2.487 GHz is 60.5° in the xz-plane 

and 62.3°in the yz-plane. The simulated RHCP and 

LHCP results at the desired frequency 2.45GHz are 

shown in Fig. 7. According to thepolar graph 

expression, the proposed antenna radiates left-hand 

circular polarization (LHCP) with the beamwidth of 

63.7° in the xz-plane and 60.5° in the yz-plane. The 

simulated radiation patterns of the proposed S-band 

stacked patch antenna on two planes (xz: φ = 0° and 

yz: φ = 90°) are illustrated in Fig. 8. We see that their 
radiation patterns are rather symmetric in the xz - and 

yz- planes. The maximum radiaiton of the antenna 

occur exactly at the boreshigt direction ( θ = 90°). The 

designated antenna has the widest Half Power 

Beamwidth (HPBW); e.g., 71.7° (xz-plane), and the 

peak gain at its boresight direction is; e.g., 8.205 dB. 

 

 
Fig. 8 Radiation Patterns  at 2.45 GHz (a) XZ-Plane and (b) YZ-

Plane 

 

 
Fig. 9 3D Directivity 

Fig. 9 illustrates the simulated 3D directivity of the 

proposed stacked patch antenna at 2.45 GHz. The 

simulated radiation efficiency 𝜂 is calculate based on 

the directivity/gain method [12], using the equation 𝜂 

= G/D. It is found that the radiated efficiency is higher 

than 90 % in the operating  frequency range. 

 

Operating frequency 2.45GHz 

-10dB impedance bandwidth 2.414-2.518GHz 

3dB axial ratio bandwidth 2.403-2.487GHz 

Polarization LHCP 

Abs gain 8.2dB 
Table I. Summary of the simulated results of the proposed 

antenna 

 

IV. CONCLUSION 

 

The main purpose of this paper was to design a high 

gain circularly polarized stacked micro strip patch 

antenna, which satisfied some of the main challenges 

for inter pico-satellite communications. It is satisfied 

a planar technology, achieving an acceptable compact 
size, low cost and geometrical characteristics that are 

suitable for pico-satellites. The antenna geometry is 

compatible with any Cube Sat standard structure. The 

antenna resonates at the resonant frequency 2.45 GHz 

with 4.22% impedance bandwidth and 3.4% AR 

bandwidths, respectively. The gain value is 8.205 dB 

in the boreshigt direction ( θ = 0°) with a low cross 

polarization of -11.4 dB at 2.45 GHz. However, after 

the study of the proposed antenna design, we realized 

that there has a significant affect in axial ratio 

bandwidth of the antenna. Unfortunately, the 
antenna’s 3-dB axial bandwidth is not fully covered 

the entire frequency range of 2.414 to 2.518 GHz. 

Therefore, the future work will concern with 

enhancing the axial ratio bandwidth of such an 

antenna by re-configuration shapes on the octagonal 

patch and the two L-shaped patches. 
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