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Abstract 

A novel power divider network for feeding arrays of arbitrary groundless spoof surface plasmon polaritons (SSPP) 

antennas with coplanar waveguide (CPW) input is proposed. The design approach is generalized for any SSPP antenna 

with CPW input by presenting a flowchart. The proposed feeding network is simulated and optimized via CST Studio 

software. We validate our designed network's effectiveness using a fabricated prototype eight-branch SSPP array antenna 

that shows a measured impedance bandwidth of 0.98 GHz (11.536-12.516 GHz) and a maximum gain increase of 7.48 

dB compared with a single-branch SSPP antenna, with only a 1.55 dB deviation from the lossless theoretical increase 

value of 9.03 dB. The proposed power divider network can feed SSPP antennas with no attached ground, enabling 

performance optimization of the antenna by placing a detached ground. Planar antennas, especially SSPP-based antennas, 

are increasingly favored in satellite and aerospace applications because of their lightweight, low-profile, and conformal 

nature, enabling seamless integration into rockets and satellites. Their high efficiency, wideband operation, and low loss 

(enhanced by SSPP structures) support high-speed communications, whereas beam steering and electromagnetic 

interference resilience make them ideal for dynamic aerospace environments. However, since many SSPP antennas use 

CPW inputs and single-branch SSPP antennas often lack sufficient gain, the efficient power divider network proposed in 

this paper holds particular importance for combining multiple radiating elements, boosting gain and directivity without 

compromising compactness. These advantages align perfectly with the demands of next generation satellite and terrestrial 

communication systems, and unmanned aerial vehicles (UAVs). 
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1. Introduction 

Telecommunications technology has recently witnessed 

an increase in the demand for flat panel systems including 

planar antennas, both in modern terrestrial 

telecommunications networks such as fifth and sixth 

generation (5G and 6G) telecommunications and in 

constellations of low-Earth orbit (LEO) non-

geostationary (NGSO) telecommunications satellites. The 

main objective of these new communication systems is to 

connect anyone and anything anywhere that, in the 

majority of cases, is only mechanically possible if a planar 

microwave antenna structure is used. NGSO satellites that 

are equipped with small, compact, and deployable planar 

antennas can be launched with more economic scenarios 

when several satellites are stored in a large rocket or when 

a single satellite is launched in rockets with smaller 

diameters. Additionally, the need for the miniaturization 

of electronic devices has raised the quest for compact, 

thin, planar, and low-profile microwave circuits. 

Structures enabling surface wave propagation represent 

one of the most efficient solutions for manufacturing low-

profile microwave devices. The proper design of such 

structures can confine the waves in the vicinity of the 

circuit surface and create a propagating wave with low 

attenuation across the surface and exponential 

degradation in the perpendicular direction. Such 

propagation creates an ideal waveguide that not only has 

low loss and high-power efficiency, but also lacks 

unwanted coupling and interference and has good 

electromagnetic compatibility (EMC). As metals exhibit 

negative permittivity at THz and optical frequencies, 

dielectrics coated with metals have opposite permittivities 

at the metal-dielectric interface and can create strictly 

confined surface waves in the interface area, which are 

called surface plasmon polaritons (SPPs) [1]. At 

microwave frequencies, metals behave as perfect electric 

conductors (PECs) without negative permittivity, 

preventing the generation of SPPs. However, research 

have demonstrated that engineered structures with holes 

or corrugations can artificially mimic plasmonic effects. 

These artificial SPPs are called "spoof" SPPs (SSPPs) and 

can exhibit controllable dispersion characteristics and 

operate effectively not only at optical frequencies but also 

in the microwave regime, enabling surface wave 

propagation in frequency ranges where natural SPPs 

cannot exist [2]. Further studies have shown that SSPPs 
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are good candidates for fabricating many planar and low-

profile microwave devices, including ultrathin low-loss 

planar single-conductor waveguides that can efficiently 

guide surface waves [3]. An efficient single-conductor 

SSPP waveguide is also widely used in different planar 

antennas, including SSPP leaky wave antennas. Planar 

antennas, especially SSPP-based antennas, are 

increasingly favoured in satellite and aerospace 

applications because of their light weight, low-profile, 

and conformal nature, enabling seamless integration into 

rockets and satellites. Their high efficiency, wideband 

operation, and low loss (enhanced by SSPP structures) 

support high-speed communications, whereas beam 

steering and electromagnetic interference (EMI) 

resilience make them ideal for dynamic aerospace 

environments. The input/output circuits of conventional 

microwave devices use two-conductor waveguides, such 

as microstrip or coplanar waveguides (CPWs), with quasi-

TEM propagation modes different from those of single-

conductor SSPP waveguides. Therefore, to connect 

conventional devices with two conductor waveguide 

interfaces to SSPP waveguides, we need to consider mode 

and momentum conversion as well as impedance 

matching [4]. The method introduced in [4] for interfacing 

between conventional circuits and SSPP waveguides via 

a CPW is both broadband and efficient and is therefore 

used in many SSPP circuits, including single-branch 

SSPP planar antennas. Unlike microstrip lines, which 

require dual-sided boards, CPW uses only one layer, 

eliminating the need for an attached bottom ground to the 

SSPP antenna, which allows the placement of a PEC or 

artificial magnetic conductor (AMC) ground plane at an 

optimized distance from the antenna - a critical advantage 

since close proximity between radiators and attached 

grounds degrades high-frequency performance [5-7]. This 

benefit further validates the structural choice presented in 

this paper for SSPP antennas. However, since single-

branch SSPP antennas often lack sufficient gain, in high-

gain antenna systems requiring array configurations, the 

implementation of a matched power divider for feeding 

array branches becomes inevitable. Therefore, an efficient 

power divider network, designed specifically for a single-

conductor SSPP input waveguide of the array branches 

with optimal power distribution and minimal loss and 

proper phase coherence across all radiating elements, 

holds particular importance for combining multiple 

radiating elements, boosting gain and directivity without 

compromising compactness. In the case of SSPP antenna 

arrays, the output ports of the power divider should be 

matched to the mode and momentum conversion 

mechanism of each SSPP antenna branch, which is more 

complicated than conventional dividers used in other 

array antennas. In this paper, we propose an efficient 

generalized method for designing a novel network of 

power dividers that can be efficiently used in any arbitrary 

multibranch SSPP antenna array that uses the wide band 

and efficient CPW input introduced in [4]. 

The rest of this paper is organized as follows: Section 2 

describes the general design process and analysis of the 

eight-branch planar power divider and mode and 

momentum matching network for multibranch SSPP array 

antennas and its components. Section 3 discusses the 

simulation and experimental evaluation of the proposed 

divider network. Section 4 presents the conclusion of this 

work. 

 

2. General Design Process and Analysis  

2.1. General Structure and Interfacing Sections 

 

The initial step in interfacing between double conductor 

conventional waveguides and groundless SSPP single-

conductor waveguides is eliminating the input ground 

conductor. The method used in [4] and similar papers 

supposes that the second ground conductor of SSPP is 

located at infinity and uses a tapered structure to gradually 

direct the CPW ground to infinity. Figure 1 shows the 

general structure of a typical converting section of a 

double-conductor CPW input to a single-conductor SSPP 

waveguide. The input section of Fig. 1 is a conventional 

two conductor CPW waveguide over a dielectric layer 

with a dielectric relative permittivity εr and a central 

conductor width of the WCPW and two ground conductors 

located in the same layer with a gap space of g. The single-

conductor SSPP waveguide is connected to the other side 

of the CPW waveguide, which has two tapered grounds. 

Most SSPP structures use a gradual transition from a 

CPW to a SSPP single-conductor waveguide [8], but 

some SSPP types, such as the periodic hole etched on the 

CPW middle conductor proposed in [9], use a sudden 

transition between the CPW and SSPP. Although the 

structure in Fig. 1 is very effective and straightforward for 

single-branch circuits, when multiple branches are used 

side by side, collision between lateral tapered grounds and 

other circuit elements require special spatial 

arrangements. In other words, as the lateral tapered 

ground shown in Fig. 1 collide with the adjacent antenna 

branches, therefore a novel structure that avoids such 

collisions and provides the required ground connection 

for each branch should be designed to overcome this 

problem. In this paper, we propose an efficient power 

divider network for an arbitrary multibranch SSPP 

antenna array with CPW input. A promising first 

approach for designing an efficient divider network is 

implementing an SSPP divider that maintains consistent 

propagation characteristics with the antenna SSPP 

waveguide, thus eliminating multiple mode conversion 

requirements. The spacing requirements between SSPP 

divider branches are inherently dependent on the overall 

geometric configuration of the SSPP structure, which 

creates fundamental limitations for miniaturization in 

multibranch SSPP antenna designs. While optimal low 

branch separation distances are crucial for achieving the 

high array factor characteristics, the physical constraints  

 

 
Fig. 1. The general structure of a typical double-

conductor CPW to single-conductor SSPP converting 

section. 
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imposed by the SSPP geometry often prevent reduction to 

arbitrarily small dimensions. The maximum array factor 

is achieved when branch distances equal to divider 

spacing are more diminutive or near one wavelength [10]. 

Achieving such a small separation distance in SSPP 

dividers typically results in significant power division 

losses. Although we study several proposed SSPP 

dividers [11-13], our simulations show that the geometry 

of these SSPP dividers uses a gradual transition from one 

branch into two or more branches and imposes high 

division losses when we use them in closely spaced 

antenna branches with nongradual transitions. 

Consequently, conventional dividers are a better choice 

than SSPP-based dividers for feeding multibranch SSPP 

array antennas. While the CPW power divider represents 

a potential alternative, its design parameters result in 

impractical dimensions for fabrication at most microwave 

frequency ranges. Another conventional power divider 

that is efficiently used in many microwave applications is 

the microstrip power divider. In microstrip designs, the 

ground plane resides on a separate layer beneath the 

transmission line, whereas in the input CPW structures of 

SSPP antennas, the ground conductors are positioned on 

the same plane as the signal line. Consequently, the 

resulting electric field distributions in these two 

transmission line structures are nearly orthogonal. To 

connect the output of the microstrip power divider to the 

input of the CPW port of the SSPP antenna, we need a 

special circuit to match the ground and field geometry of 

the two waveguides and their impedances. Among the 

several designs employing diverse principles that have 

been introduced to facilitate microstrip-to-CPW 

transitions [14-17], the circuit proposed in Fig. 6 of [17] 

stands out as a good candidate for interfacing SSPP 

antennas with the CPW input. For our design, we choose 

the middle band frequency and free space wavelength of 

f0=11.95 GHz and λ0 =25.1 mm, respectively. We employ 

the frequency-domain solver in CST Studio to simulate 

and optimize the S-parameters across all sections of our 

feeding network. For all the circuits in this paper, we use 

a Rogers RO4003C® substrate with a dielectric relative 

permittivity (εr), loss tangent and thickness (td) of 3.55, 

0.0027 and 0.813 mm, respectively, to construct an SSPP 

waveguide with the unit cell configuration shown in Fig. 

2(a,b) and the dispersion curve shown in Fig. 2(c). The 

copper thickness (tm) is 35 µm in all circuits. 

 

2.2. Microstrip to CPW transition Circuit 

 

The microstrip to CPW transition circuit is presented in a 

dual-layer configuration, with Fig. 3(a) illustrating the 

upper surface and Fig. 3(b) depicting the lower surface 

layout. Table I shows the values of the optimized 

parameters of various parts of the elements in Fig. 3. 

 

2.3. Power Divider Section 

 

Our simulations also show that among several proposed 

microstrip power dividers, the compact multistep quarter 

wavelength microstrip power divider designed and 

optimized according to the methods described in [19] fits 

our requirements. As the input bottom layer microstrip 

ground is limited to a small portion of the input section  

    
(a)                                    (b) 

 
(c) 

Fig. 2. Unit cell (a) top view (b) side view, td=0.813 

mm, tm=35 µm [18] and, (c) dispersion curve of the unit 

cell for the Rogers RO4003C® substrate (εr=3.55, loss 

tangent of 0.0027), with some different values of d and 

r in mm. 

 

 
(a)                                      (b) 

Fig. 3. (a) Top layer and (b) bottom layer layout and 

parameters of the microstrip to CPW transition circuit. 

 

Table I. Values of the parameters of Fig. 3, all in 

millimeters 

W0 Wg Wt rv Lt Lwg d 

1.7 0.8 3.4 0.2 0.6 0.2 5 

 

with dimensions near the free space wavelength (λ0), the 

process of designing microstrip power dividers for SSPP 

waveguides with CPW input is not straightforward 

because of the possibility of creating unwanted resonance, 

and special precautions are necessary. While theoretical 

calculations suggest that the number of matching steps in 

the power divider could be optimized on the basis of 

solely the divider bandwidth requirements, our simulation 

reveals unexpected resonance issues that necessitate both 

increasing the number of matching steps beyond 

theoretical predictions and carefully positioning the steps 

in horizontal or vertical signal paths. As shown in Fig. 

3(b), the bottom layer of the transition section has two 

parts. The first part that is under the microstrip is a two-

layer circuit with ground on the bottom, and the second 

part is a one-layer circuit with a CPW ground on the top 

layer that is connected by a metallic via to the microstrip 

ground in the bottom layer. When the number of branches 

of the antenna array increases, multiple layers of power 

dividers are needed for feeding. Notably, since the divider 

network is a non-radiating component, its length must be 

minimized to avoid compromising the overall antenna 

efficiency. Consequently, while multiple quarter-

wavelength sections can be implemented in either the 

vertical or horizontal segments of the divider branches 

(when physically feasible), vertical placement is generally 

favoured to avoid increasing the antenna's lateral 
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dimensions. For configurations involving more than two 

antenna branches, multiple dividers become necessary. In 

such cases, the microstrip branch lengths incrementally 

increase with each additional divider stage following the 

primary divider that connects adjacent antenna branches. 

This configuration results in an extended microstrip 

waveguide input section with an accompanying ground 

plane, which can form resonant structures that trap 

propagating waves and significantly alter the S-

parameters when the circuit dimensions approach integer 

multiples of λ0/2. Any change in the circuit dimensions or 

its equivalent capacitance or inductance may move the 

resonance frequency outside the operating bandwidth. 

Therefore, to eliminate unwanted resonance inside the 

operational bandwidth, we can change the position of 

quarter wavelength sections in the vertical or horizontal 

parts of the power divider or increase the number of steps. 

Since this procedure includes iterative trial and error 

attempts, we use the flowchart shown in Fig. 4 to 

systematically develop power dividers for each section. 

As illustrated in Fig. 4, our design methodology begins 

with a single-section power divider (N=1) and iteratively 

adds quarter-wavelength matching stages until optimal S-

parameter performance is achieved across the entire 

operational bandwidth. Then, we calculate the length of 

each branch of the power divider according to its position 

in multiple layers of the power division network, attempt 

to locate the quarter wavelength sections in the vertical 

branches, simulate the design with actual values and 

check the S parameters for unwanted resonance in the 

entire required bandwidth. If the S parameters are 

satisfactory, we proceed to the next power divider. If the 

S parameters are not acceptable, we attempt to locate one 

of the N quarter wavelength sections in the horizontal 

section of the power divider and repeat the S parameter 

simulation. If the result is not satisfactory, we increase the 

number of quarter wavelength sections (N) and repeat the 

procedure until we reach a design that satisfies all the 

requirements. 

 

 
Fig. 4. Flowchart of the design procedure of the power 

dividers of each section. 

Figure 5(a) shows the overall view and port numbers 

(P1 to P9) of a three-layer divider network that we 

design on the basis of the flowchart of Fig. 4 for feeding 

an eight branch SSPP antenna for the frequency range 

of 11.7- 12.2 GHz. Figures 5(b,c,d) show the number 

of steps and locations of the quarter-wavelength 

impedance convertors of the dividers and their 

dimensions for each of the three sets of microstrip 1:2 

power dividers (Div1, Div2, and Div3). Table II shows 

the values of various sections of this divider network. 

The right angles of the microstrip bends of the power 

dividers are chamfered as shown in Figs. 5(b,c,d). All 

the input and output impedances of the ports shown in 

Fig. 5 are 50 ohms. 

 

3. The Simulated and Experimental Evaluation 

3.1. Simulated and Fabricated Results 

 

Figure 6 shows the optimized magnitude of the 

simulated S11 and S12 of the microstrip to CPW 

transition circuit shown in Fig. 3. Figure 7 shows the 

magnitude of the simulated reflection and transmission 

coefficients of the divider network of Fig. 5(a). 

 

 
(a) 

     
(b) 

 
(c) 

 
(d) 

Fig. 5. (a) The overall view of a three-layer divider 

network, (b) Div1, (c) Div2, (d) Div3. 

 

Table II. Values of Fig. 5 parameters, all in millimetres. 
L1 L11 L12 L13 Lout Win 

70.8 3.87 1.13 1.37 2.5 0.5 

W11 W12 Wout L2 L21 L22 

0.8 1.1 1.7 35.94 1.3 1.54 

L23 Lwg W21 W22 L3 L31 

3.8 0.2 0.8 1.4 12.74 3.87 

L32 L33 L34 L35 W31 W32 

0.97 1.2 1.2 0.97 0.8 1.4 
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Fig. 6. The optimized magnitude of the simulated S11 

and S21 of the microstrip to CPW transition circuit 

shown in Fig. 3. 

 

Figure 7 shows good reflection (S11<-12 dB) and insertion 

loss (Si1, i=2 to 9) of less than 11.1 dB, which is only 2.07 

dB higher than the theoretical value of Si1 (9.03 dB) for a 

1:8 divider network. The simulated phase difference of 

the transmission coefficients between the output ports is 

less than the negligible value of 4.5°, which shows that all 

the output signals are almost in phase, as required. As 

shown in Fig. 7, the output power depends on the amount 

of coupling between the divider branches, and the ports 

located on the left and right sides of the divider (P2, P3, P8 

and P9) have the highest transmission coefficients because 

they have the lowest coupling with the input Div1 

branches. Owing to symmetry, three categories of mutual 

isolation can be seen between the output ports of the 

divider network of Fig. 5, as shown in Fig. 8. We avoid 

showing the isolation of other ports to keep the graph 

more readable. 

As shown in Fig. 8, the lowest isolation category is 

between the adjacent ports of Div3 (S23), which is 

between -8 dB and -2.5 dB. The middle category isolation 

is better than -10 dB, and the highest isolation is better 

than -19 dB. Table III lists the three categories of isolation 

between output ports. As in S parameters representing the 

isolation, Sij=Sji, only Sij parameters are listed in each 

category in Table III. 

One way to practically evaluate any power divider 

network's effectiveness, is to compare the maximum 

measured radiation gain of a multibranch SSPP antenna 

array fabricated with that divider network, against the 

simulated gain of a single-branch of the same antenna 

used in that array. This method will vindicate both the 

characteristics of the power divider network and its 

matching with the antenna array branches. We use our 

unpublished recent work that studies an eight-branch 

 

 
Fig. 7. The magnitude of the simulated reflection and 

transmission coefficients of the divider network of Fig. 

5(a). 

 

 

  

 
Fig. 8. The magnitude of three categories of the 

simulated isolation of the divider network ports of Fig. 

5(a). 

 

Table III. The three categories of mutual isolation 

between output ports 

Category 1 S23 S45 S67 S89     

Category 2 S24 S25 S34 S35 S68 S69 S78 S79 

Category 3 
S26 S27 S28 S29 S36 S37 S38 S39 

S46 S47 S48 S49 S56 S57 S58 S59 

 

SSPP antenna that uses our proposed divider network 

structure for this purpose. Figure 9(a) shows the top view, 

and Fig.9(b) shows the bottom view of one of the eight 

microstrip to CPW transition sections that we use to 

fabricate the power divider network for feeding the eight-

branch array antenna. This structure allows juxtaposing 

multiple branches of antennas and their coplanar grounds 

without any unwanted collision between ground and 

neighbouring antennas and also provides required 

grounds for branches located in the non-lateral parts of 

structure. Figure 10(a) shows the complete top layer, and 

Fig. 10(b) shows the complete bottom layer of the 

fabricated power divider network of Fig. 5(a), together 

with all eight microstrip to CPW transition sections of Fig. 

9 and eight SSPPs designed with a rectangular plasmonic 

metal-dielectric structure decorated by etching circular 

holes and explained in our unpublished recent work. The 

proposed novel combination allows direct electrical 

contact between adjacent CPW ground planes without 

crossing or affecting the rest of the elements. We use the 

Agilent 8720ET transmission/reflection network analyser 

to measure the S11 of the fabricated input network 

connected to the array antenna. Figure 11 shows the 

magnitude of the measured S11 parameter of the power 

divider network loaded with the eight branches of the 

SSPP antennas. As shown in Fig. 11, the measured 

bandwidth of the antenna is 0.98 GHz (11.536- 12.516 

GHz), which is wider than the .5 GHz required bandwidth 

of the antenna (11.7- 12.2 GHz). Figure 12 shows the gain 

of a single branch and an eight-branch rectangular patch 

SSPP antenna with the ground at the top designed by the 

divider network of Fig. 10 and studied in our unpublished 

earlier work. In this paper we focus on divider network 

characteristics, and other eight-branch antenna parameters 

are presented in our unpublished recent work. 
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(a)                             (b) 

Fig. 9. (a) Top view and (b) bottom view of one of the 

eight microstrip to CPW transition sections of the 

power divider network. 

 

 
(a) 

 
(b) 

Fig. 10. (a) Complete top layer and (b) complete 

bottom layer of the fabricated power divider network 

and microstrip to CPW transition used to feed eight 

branches of an SSPP antenna. 

 

 
Fig. 11. Magnitude of the measured S11 of the 

fabricated input network loaded with eight antenna 

branches. 

 

As shown in Fig. 12, the maximum gain increase of the 

eight-branch array antenna with ground at the top with 

respect to the simulated gain of a single-branch SSPP 

base antenna with the same parameters is 7.48 dB. 

 

 
Fig. 12. Gain of a single branch and an eight-branch 

rectangular patch SSPP antenna with the ground at 

the top designed by the divider network of Fig. 10.   
 

3.2. Discussion 

 

Table IV shows the comparison of our proposed power 

divider network with two available similar works that 

include the power division network and SSPP antennas. It 

is clear that as the number of branches increases, the 

extended signal paths in microstrip waveguides and the 

additional dividers and lossy elements in large arrays 

inevitably introduce more losses, causing a more 

significant difference between the predicted and measured 

gain values. This deviation between the ideal and 

achieved results should be considered when we compare 

the performance of an eight-branch network with that of 

two- or four-branch networks. Although our proposed 

power divider network consists of seven 1:2 power 

dividers, eight microstrip to CPW transition sections, and 

a long microstrip traveling distance of more than 250 mm 

due to the large size of the antenna that imposes several 

inherent losses, the maximum gain increase of 7.48 dB, 

which is only 1.55 dB lower than the theoretical value of 

an ideal eight-branch array antenna (9.031 dB), shows 

promising results in comparison with the two- and four- 

branch power division networks shown in Table IV. 

 

4. Conclusion 

A novel and efficient complex microstrip power divider 

network with microstrip to CPW conversion for feeding 

arrays of arbitrary SSPP antennas with CPW input is 

proposed in this paper. Although individual components 

used in this paper can be found in previous papers, the 

main novelty of this paper is to find a special spatial 

arrangement that allows juxtaposing multiple branches of 

antennas and their coplanar grounds without any 

unwanted collision between grounds and neighbouring 

antennas and also providing the required grounds for 

branches located in the non-lateral parts of structure. A 

flowchart detailing the overall design methodology is also 

presented. The effectiveness of the proposed divider 

network is demonstrated by an increase of 7.48 dB in the 

measured array antenna gain of a fabricated eight-branch 

SSPP antenna with respect to the simulated single-branch 

radiation gain of the same antenna. Considering the 

inherent losses of several circuit elements and long 

microstrip distances that are necessary for feeding eight 

branches of the SSPP antenna, the value of the gain 

increase, which is only 1.55 dB lower than the theoretical 

value, vindicates the effectiveness of the structure. The 

fabricated structure also exhibits almost in-phase outputs 

with less than the negligible value of 4.5° phase difference 

between all ports and excellent impedance matching 

properties. Since a detached PEC or AMC ground plane  

 

Table IV. Comparison of our proposed power 

divider network with two similar works 

Refere

nce 

Number 

of 

Branche

s 

M.M.A.F

* (dB) 

Diff. 

With 

Theory 

(dB) 

Measured 

(S11) 

better than 

(dB) 

[20] 2 3 0 -9.5 

[21] 4 5 1 -9.5 

This 

Work 

8 7.48 1.55 -10 

* M.M.A.F: Maximum Measured Array Factor 
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can improve SSPP antenna performance more effectively 

than an attached ground, the proposed groundless design 

in the antenna section - which replaces the microstrip 

ground with a microstrip-to-CPW transition - offers 

superior suitability for SSPP antennas. 
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