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 On Alternative Approaches to Design 
of Corporate Feeds for Low-Sidelobe 

Microstrip Linear Arrays 
Stanislav Ogurtsov and Slawomir Koziel 

Abstract—Two design approaches, illustrated by simulations and 
measurements, aiming at a systematic computer-aided design of printed 
circuit feeds for low-sidelobe microstrip antenna arrays are described. The 
novelty of these approaches resides in identification of the optimal feed 
architectures with subsequent simulation-based optimization of the feed 
and array aperture dimensions. In this work, we consider microstrip 
corporate feeds realizing nonuniform amplitude excitation of linear arrays 
of microstrip patch antennas. Two types of the microstrip corporate feeds 
are considered: with equal power split junctions, and with unequal power 
split junctions. For each feed type, we identify candidate prototypes of feed 
architectures using numerical optimization of the corresponding fast feed 
models. Subsequently, the architectures are implemented as microstrip 
sub-circuits within the antenna array electromagnetic (EM) models. For 
the sake of comparison, the antenna array circuits are defined with the 
same linear array of microstrip patch antennas featuring the half-
wavelength element spacing, and implemented on the same microstrip 
substrates. Finally, the EM models are tuned—using simulation-based 
optimization techniques—to ensure an appropriate input reflection 
coefficient and minimum sidelobe levels. Selected optimal designs of 
antenna array circuits with twelve microstrip patches and different feeds 
are manufactured and measured. 

Index Terms—Antenna array feeds, antenna measurements, computer 
aided design, corporate feeds, linear antenna arrays, microstrip antenna 
arrays, printed circuit feeds, sidelobe levels, radiation patterns, 
optimization 

I. INTRODUCTION

Realization of low sidelobes becomes challenging for printed circuit 
antenna arrays, microstrip antenna arrays in particular, for sidelobe 
levels lower than –20 dB. Factors affecting realizable sidelobe levels 
of microstrip antenna arrays were studied [1,2]. Corporate feeds with 
unequal power split junctions can realize nonuniform amplitude 
excitations required for low-sidelobe antenna arrays. Designs of such 
feeds have been demonstrated for printed [3‒9] and waveguide [10] 
circuits. Wilkinson and branch-line dividers can improve feeds’ 
performance at the expense of complexity [9,11,12]. Series feeds for 
microstrip antenna arrays can be more economical in terms of feed 
footprints and also realize low sidelobe patterns to certain extend 
[13,14]. On the other hand, corporate feeds allow for better control of 
amplitude and phase of radiating elements, thereby allowing design 
approaches developed for fixed beam arrays be extendable for phased, 
multibeam, and shaped-beam antenna arrays [15,16].    

A systematic approach to design of corporate feeds for broadside 
microstrip linear antenna arrays was demonstrated [17] for Chebyshev 
excitation. The approach identifies the candidate feed architectures and 
corresponding sets of power split ratios. However, low sidelobe levels 
(SLLs) of the entire microstrip antenna array circuits, with the 
corporate feeds built with unequal power split T-junctions, can be 
challenging to realize in practice due to manufacturing non-idealities, 
interactions within the circuit, radiation from the feed, as well as signal 
emission to the substrates.  

Another approach to design of corporate feeds for low sidelobe 
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linear arrays has been proposed in [18], where, for a given linear array 
aperture with an even number of radiators, only equal power split T-
junctions were used. The adopted T-junction configuration is with a 
lower impedance section of a matching section at the input. Feed 
architectures with the lowest SLL, and the simplest routing were being 
detected.  

The approaches of [17] and [18] include identification of the optimal 
feed architectures with subsequent simulation-based optimization of 
the feed and radiating aperture dimensions. To our understanding, 
these approaches can be useful as alternatives for design of printed-
circuit low-sidelobe linear antenna arrays where the post-
manufacturing tuning of the radiating aperture and the feed is limited 
or even impossible.  

In this paper we outline the two approaches to CF design, describe 
their similarities and differences. Numerical results and measurements 
are presented for 5.8 GHz twelve element microstrip linear arrays. We 
compare the simulated and measured reflection coefficients and 
radiation patterns, including the realized SLLs, for selected 
manufactured designs obtained with the two approaches.   

II. CORPORATE FEED DESIGN APPROACHES

We consider symmetrical broadside linear antenna arrays with an 
even number of radiators, as depicted in Fig. 1(a), producing the sum 
pattern. The arrays should be implemented with microstrip patch 
antennas. Design task includes minimization of the SLL and the 
reflection coefficient at the feed input. The feeds are designed with 
simple T-junctions. The T-junctions should be made matched at the 
input and allow unequal power split for Approach I [17], as the T-
junctions drawn in Fig. 2(a) and (b). For Approach II [18] only equal 
power split T-junctions will be adopted, as T-junctions in Fig. 2(c). For 
the sake of clarity the results will be presented for 5.8 GHz twelve 
element linear antenna arrays with half-wavelength spacing.  

A. Architecture Selection and Optimization with Approach I 

First, we searched for feed architectures realizing Chebyshev
excitations for twelve element arrays with the –30 dB and –35 SLLs 
[19]. To avoid too narrow microstrip sections in the subsequent 
implementation of T-junctions, the lower and upper bounds for the 
power split were set to 0.33 and 0.67, respectively. Optimization of the 
fast feed models [17] has been implemented in Matlab [20]. Two 
architectures, most accurately approximating the Chebyshev 
excitations, are shown in Fig. 3(a). Because of the symmetry, only 
halves of the feeds are shown in Fig. 3(a). The central junction of the 
feeds is for equal power split and not shown in Fig. 3.  

Next, the junctions of the best feeds were implemented in CST MWS 
[21] with microstrip T-junctions residing on the 0.762 mm RF-35
laminate [22]. The line impedance of inputs and outputs is 50 ohms.
The junctions were tuned for the required power splits and matching
at the input (denoted with 0s in Fig. 2). Numerical optimization of EM
models of the junctions was applied for tuning. Because of a low-
dimensionality of the junction problem, gradient-based optimization
embedded in the trust-region framework was utilized [24]. The 
primary objective was minimization of the reflection coefficient at 5.8
GHz. Power splits were controlled using the penalty function approach
[25].

Further, the feeds were implemented as microstrip circuits comprising 
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individually optimized T-junctions. Based on the simulated transmission 
parameters of the feeds the geometrical lengths from the common input 
to the ground plane slots of all antennas were corrected to have the 
transmission parameters all in phase. The uncorrected feeds had the 12 
degree spread of phase shifts. 

Finally, the feed was included in the circuit comprising the feed, the 
array aperture, and an SMA connector [26]. The aperture is on a 1.574 
mm TLP-5 substrate [27] and described in Section IIC. The entire 
circuit was validated with high fidelity EM simulations. Figure 4 
outlines the entire design flow with Approach I.  

B. Architecture Selection and Optimization with Approach II

Here we utilized T-junctions of the equal power split with a
matching section at the input as shown in Fig. 2(c). Then the feed 
architectures as those outlined in Fig 3 realize certain nonuniform 
excitation [18]. The array factor served for identification of the 
architectures with reduces SLLs [18]. 

At the next stage, the architectures with the lowest expected SLLs, 
depicted in Fig. 3(b), were implemented using CST MWS in the 
aperture-feed integrated microstrip circuits. Geometrical lengths from 
the common input to the ground plane slots of all antennas are set to 
be equal at the initial design. EM-based optimization were applied to 
the EM models of the entire integrated circuits, There were 24 design 
variables (controlling dimensions of the antennas and the feed) in the 
EM model with the feed with element levels [2 2 3 3 3 3] and 26 
variables with the feed with levels [2 2 2 3 4 4]. A one-side array with 
element levels [2 2 3 3 3 3], was also optimized for comparison. Figure 
5 outlines the Approach II design flow.  



  (a)     (b) 

Fig. 1. Linear array aperture: (a) an aperture with symmetrical amplitudes and 
spacings; (b) an array element, a microstrip antenna energized through a ground 
plane slot. 

      (a)                                        (b)                                       (c) 

Fig. 2. T-junctions: (a) and (b) used with Approach I for unequal power splits; 
(c) used with Approach II for equal power split.

      (a)                                                             (b) 
Fig. 3. Feed architectures without crossovers: (a) the best two with Approach 
I for the –35 dB Chebyshev excitation, where the one marked with the dashed-
line box, is the best also for the –30 dB SLL Chebyshev excitation; (b) the best 
two architectures with Approach II with element levels [2 2 3 3 3] and [2 2 2 3 
4 4] where the one marked with the dashed-line box is the best (–16.5 dB of the 
array factor SLL) for half-wavelength spacings.  

Fig. 4. Design process with Approach I where xT is the vector of design 
variables per junction, xf is the vector of the feed design variables, xa is the 
vector of the aperture design variables.  

1. Set up array aperture: number of radiators N, spacings sn

Final design

2. Sort (optimize) feeds for SLL:
constrains: min. power per element,

beamwidth, min./max. spacings

3. Sort out feed architectures with crossovers:
tree-type architectures only

4. Implement feed

Vector of the elements’ levels kn

Array factor

EM modeler / 
solver

transmission an, 
reflection IS11|

5*. Tune (optimize) feed
EM-based 
optimizer

6. Implement array aperture:
implement array element (antenna)

implement array of antennas (aperture)

7. Tune (optimize) array aperture

xa

xf

xf

an

xa

pattern SLL, 
reflection per input ISn|

8. Implement aperture-feed circuit

xa

xf

9. Optimize aperture-feed circuit

xa, xf pattern SLL, 
reflection |S11|

xa, xf

Fig. 5. Design process with Approach II where xf is the vector of the feed design 
variables, xa is the vector of the aperture design variables (including those of the 
array element (antenna). In this work, Step 5 (optimization of the feed) was 
implementd within the final Step 9 (EM-based optimization of the entire circuit). 
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C. Modelling and Optimization of Antenna Array Apertures

Four apertures consisting of twelve half-wave spaced linearly
polarized 5.8 GHz microstrip patch antennas operating at the dominant 
TM010 mode [15] have been designed and the realized arrays are shown 
in Figs. 6-9.  Figs. 6-8 are designs based on Approach II while Fig. 9 
is a design based on Approach I.  Fig. 7 is a single-layer design where 
the antenna elements and the feed structure are coplanar.  The other 
three designs are two-layer structures.  The antenna layout for the two-
layer circuit is depicted in Fig. 1(b). Antenna dimensions are 
parametrized. Antenna inputs continue the feed. Lengths of the open-
end microstrip sections, sn, are element-specific. The line impedance 
of the inputs is 50 ohms. Before being connected to a particular feed 
in the EM model, the apertures had been tuned for 5.8 GHz using 
simulation-based optimization [28]. Aperture set up and optimization 
within Approach I are depicted as items 1, 7, and 8 in Fig. 4, and within 
Approach II are depicted as items 1, 6, and 7 in Fig. 5. 

D. Realized Design Processes with Approaches I and II

The process of Approach I (outlined in Fig. 4) comprises more steps
per design and optimization of the feed than that of Approach II 
(outlined in Fig. 5). This is due to a more demanding task imposed on 
the feed built in Approach I with unequal split junctions. At the same 
time, because of the lower dimensionality of the design problem with 
Approach II utilizing equal split T-junctions, EM-optimization of the 
feed (Step 9 in Fig. 5) energizing the antennas had been carried out.   

III. DESIGN VALIDATION

Layouts of the circuits were created from the EM-tuned and 
optimized designs. Photographs of the manufactured designs are 
shown in Fig. 6 through 9. Nylon bolts fix the dielectric layers of all 
two-side designs. All circuits are with 18 μm copper metallization. The 
circuits were measured in the anechoic chamber of Reykjavik 
University. The measured responses are shown in Figs. 10 through 14. 
Summary of the patterns at 5.8 GHz is given with Table I. 

IV. DISCUSSION AND CONCLUSIONS 

Measured and simulated results are consistent according to Figs. 
10—13 and Table I. Moreover, the measured and simulated SLLs of  

(a) 

(b) 

Fig. 6. Photographs of the 5.8 GHz 12-element microstrip array with the element 
levels [2 2 3 3 3 3]: (a) radiating aperture on two layers of TLP-5 (nominal 
thickness 1.574 mm in total). The TLP-5 layers are 329 mm × 35 mm. Microstrip 
patches are 14.85 mm by 14.85 mm; (b) feed on the 0.762 mm RF-35 layer with 
equal power split T-junctions. Ratiating elements are energized through ground 
plane slots. The RF-35 layer and the ground plane is 329 mm × 133 mm.  

Fig. 7. Photograph of the 5.8 GHz 12-element microstrip array with the 
element levels [2 2 3 3 3 3]: one side realization on the 0.762 mm thick RF-35 
layer. The microstrip RF-35 layer is 333 mm × 117 mm. The feed is with equal 
power split T-junctions. Microstrip patches are 13.74 mm by 13.80 mm. 

(a) 

(b) 
Fig. 8. Photographs of the 5.8 GHz 12-element microstrip array with the 
element levels [2 2 2 3 4 4]: (a) radiating aperture on two layers of TLP-5 
(nominal thickness 1.574 mm in total). The TLP-5 layers are 329 mm × 45 mm. 
Microstrip patches are 14.85 mm by 14.85 mm; (b) feed on the 0.762 mm RF-
35 layer with equal power split T-junctions. Ratiating elements are energized 
trough ground plane slots. The RF-35 layer and the ground plane is 329 mm × 
145 mm.  

(a) 

(b) 

Fig. 9. Photographs of the 5.8 GHz 12-element array implementing the –30 
dB SLL Chebyshev taper: (a) radiating aperture on two layers of TLP-5 
(nominal thickess 1.574 mm in total). The TLP-5 layers are 330 mm × 40 mm. 
Microstrip patches are 14.85 mm by 14.85 mm; (b) realization of the feed 
architecture on the 0.762 mm RF-35 layer with unequal power split T-junctions. 
The RF-35 layer and the ground plane is 350 mm × 140 mm.  
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(a) 

(b) 

(c) 

Fig. 10. Measured (∙∙∙) and simulated (▬) array of Fig. 6: H-plane (a) total (x-
pol included), and (b) co-pol patterns at 5.8 GHz; (c) reflection coefficient. 

(a) 

(b) 

(c) 

Fig. 11. Measured (∙∙∙) and simulated (▬) array of Fig. 7: H-plane (a) total (x-
pol included), and (b) co-pol patterns at 5.8 GHz; (c) reflection coefficient. 

(a) 

(b) 

(c) 

Fig. 12. Measured (∙∙∙) and simulated (▬) array of Fig. 8: H-plane (a) total (x-
pol included), and (b) co-pol patterns at 5.8 GHz; (c) reflection coefficient. 

(a) 

(b) 

(c) 

Fig. 13. Measured (∙∙∙) and simulated (▬) array of Fig. 9: H-plane (a) total (x-
pol included), and (b) co-pol patterns at 5.8 GHz; (c) reflection coefficient. 
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the two-side designs (Figs. 10 and 12), which have been 
obtained with Approach II using EM optimization of entire 
circuits, are significantly lower than their SLL estimated using 
their fast models [18]. For instance, the design of Fig. 10 shows 
the measured SLL of –22.8 dB versus –16.5 dB estimated with 
the array factor and the element pattern. Similar improvement 
is obtained for the design of Fig. 8. 

The measured patterns of the one layer array are shown in 
Fig. 11. The measured SLL of about ‒16 dB is close to the SLL 
predicted using the fast model before EM optimization.  
However, the EM simulated pattern and reflection coefficient 
have been significantly improved relative to those of the initial 
design, in ‒3 dB and ‒5 dB at 5.8 GHz, respectively. The higher 
SLL of this array, in comparison to the SLL shown in Fig. 10, 
as well as the inaccurate prediction of the array factor model for 
this array are, in a significant part, because of the radiation from 
the feed in the forward direction (not accounted for by the array 
factor model). Thus, the simulated and measured responses 
justify the use of EM-based optimization at the final stage of 
the Approach II design process.  

The measured and simulated H-plane patterns of the design 
implementing the –30 dB Chebyshev taper using Approach I is 
shown in Fig. 13. Figure 13 shows that the increased SLL and 
back-lobes of the measured H-plane total power pattern are due 
to the cross-pol radiation which is mostly emitted by the feed 
according to our studies. According to our experiments, the 
array assembly inaccuracy as well as mechanical deformation 
(e.g., slight bending of the aperture and the feed) may 
significantly contribute to broadening of the measured main 
lobe for relative power below ‒20 dB. As an extension of this 
work the above issues should be solved using EM optimization 
of the entire circuit within Approach I as well as with 
application of absorbing materials. 

The measured SLLs within [–90, 90] degree of the H-plane 
from 5.6 to 6.0 GHz are shown in Fig. 14 where the design 
implementing the –30 dB SLL Chebyshev taper shows the 
lowest SLL in overal in comparizon with other designs. At the 
same time, the SLL of this design is close to the SLL of the 
design shown in Fig. 6 at frequencies about 5.75 GHz. Thus, 
Approach II (with equal split junctions) can be a reliable option 
for low-sidelobe antenna arrays unless ultralow sidelobes are 
required. 

TABLE I 
H-PLANE RADIATION PATTERNS AT 5.8 GHZ 

Design 
of Fig. 

SLL [dB] 
in [-90o,90o] 

Co-pol. 
SLL [dB] 

in [-90o,90o] 

Front-to-
Back Ratio 

[dB] 

HPBW 
[Deg] 

Meas., Sim. Meas., Sim. Meas., Sim. Meas., Sim. 

6 −22.9,−22.1 −23.2,−22.2 15.8,15.8 −9.8,−9.4 

7 −15.7,−18.5 −16.0,−18.6 17.0,17.8 −9.6,−9.3 

8 −20.6,−22.5 −22.7,−22.5 16.9,14.9 −10.1,−9.8 

9 
−24.2, −26.8; 
−26.0a, −28.7a −26.8,−28.7 20.6,20.7 

18.2b,20.7b −10.7,−10.8 

 a Measured and simulated SLL in [-75o,85o] 
b Measured and simulated highest back-lobes  

(a) 

(b) 

(c) 

(d) 

Fig. 14. Measured SLL within the [-90,90] degree sector of the H-plane: (a) 
array of Fig. 6; (b) array of Fig. 7; (c) array of Fig. 8; (d) array of Fig. 9. 
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