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Abstract—A broadband, low sidelobe level (SLL), microstrip 
array excited with a Dolph-Chebyshev distribution that is 
implemented with a periodic-stub loaded slow-wave transmission 
line (SW-TL) feed network is presented. The desired Dolph-
Chebyshev excitation of the uniformly spaced microstrip array is 
achieved simply by modulating the widths of the stubs along the 
SW-TL feed network. Simulated results demonstrate that the 
array is low profile, 0.023λ0 in height, has a broad fractional 
bandwidth, 10.18%, and exhibits SLLs as low as -30dB. 
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I. INTRODUCTION 

Antenna arrays with low sidelobe performance are highly 
desired in many radar, wireless communication and radio 
frequency identification device (RFID) systems that operate in 
heavy clutter and jamming environments [1]-[3]. In order to 
obtain an antenna array with a particular sidelobe level (SLL), 
various synthesis schemes, e.g., Dolph-Chebyshev [4], Taylor 
[5], and binomial [6] methods, have been adopted to achieve 
the required tapered excitation distributions to feed the 
radiating elements of the antenna array. In general, corporate 
(parallel) and series feeds are two kinds of popular excitation 
networks [7]-[9]. Among them, the series-fed arrays cascade 
all of the antenna elements along one direction. This leads to a 
more compact feed network and high radiation efficiency, but 
at the cost of less design flexibility and larger array lengths. 
Slow-wave transmission lines (SW-TLs) facilitate the 
miniaturization of the associated electric components [10].  

A low sidelobe Dolph-Chebyshev array is synthesized in 
this work with a periodic-stub loaded SW-TL. The SW-TL is 
implemented to achieve a series-fed network with Dolph-
Chebyshev excitation distributions. The simulation results 
demonstrate that the antenna array is compact, being 3.2λ0 × 
0.6λ0 in size, and has the outstanding advantages of low SLLs, 
below -30dB; a low profile, 0.023λ0 in height; and a broad 
fractional bandwidth, 10.18%. 

II. ANTENNA ARRAY DESIGN 

The configuration of the periodic-stub loaded SW-TL is 
depicted in Fig. 1. It is one-sided with a period p = 2.5mm and 

is printed on the upper surface of a grounded Arlon AD450 
substrate with relative dielectric constant εr = 4.5 and a thickness 
h = 1.524 mm. The width of the microstrip line is wm, and the 
width and height of each stub is w and d, respectively, as 
illustrated in Fig. 1(b). The other unit cell parameters have the 
optimized values wm = 0.64 mm, and d = 5.0 mm. The width of 
the stubs, w, can be modified to modulate the characteristic 
impedance of the SW-TL while maintaining its propagation 
constant (waveguide wavelength). This feature has great 
significance in the synthesis of the desired, broadside radiating 
Dolph-Chebyshev excited array. 

 
(a)                                              (b) 

Fig. 1. Periodic-stub loaded SW-TL. (a) Top view. (b) Unit cell geometry. 

TABLE I 
STUB WIDTH  W  FOR A SPECIFIED CHARACTERISTIC IMPEDANCE Z0 

Z0 (Ω) 40 37.5 34.9 32.1 31.0 

w (mm) 1.06 1.31 1.56 1.83 1.93 

 
The configuration of the Dolph-Chebyshev antenna array is 

illustrated in Fig. 2. Its 10 radiating elements are in the form of 
inset microstrip-line-fed square patches. The inter-element 
(center-to-center) spacing of any two adjacent radiating elements 
is set to 20.0 mm, the desired guiding wavelength λg. 
Consequently, all of the elements are excited in-phase. With the 
periodicity of the SW-TL, p = 2.5 mm, there are 8 periods 
attained within two adjacent elements. Two periods form a 
quarter-wavelength transformer. The characteristic impedance Z0 
of this array is then determined to be 40-Ω. Setting Z0 = 40-Ω, the 
impedance ratios Zi/Z0 (i =1, 2, 3, 4) are specified according to 
−30dB Dolph-Chebyshev current distributions [3]. The requisite 
stub widths to obtain the desired Dolph-Chebyshev excitation 
distribution are determined by the Zi values. All of the final 
values are summarized in Table I. The array is center-fed with a 
50-Ω SMA connector with its inner conductor connected to the 
microstrip line and its outer conductor connected to the ground. A 
transition region composed of gradient-height stubs is introduced 
to ensure good matching between the microstrip line and the 
quarter-wavelength SW-TL sections as shown in Fig. 2.   



 
(a) 

 
(b) 

Fig. 2. Configuration of the SW-TL-based Dolph-Chebyshev excited array. (a) Top view. (b) Side view. Matching is attained with gradient stubs of height d1-d3 with 
d1= 1.4, d2= 2.6, and d3 = 3.8. Other design parameters: la = 14.9, ls = 7.2, lf = 7.7, wf = 1.8, lsub = 210, and wsub = 40. All dimensions are in millimeters (mm). 

 
The radiation performance was simulated with 

ANSYS/ANSOFT HFSS. The simulated |S11| curve of the 
proposed antenna is plotted in Fig. 3. It shows that the -10 dB 
impedance bandwidth ranges from 4.38 to 4.85 GHz. The 
corresponding fractal bandwidth (FBW) is 10.18%.  

 
Fig. 3. Simulated reflection coefficients of the SW-TL-based Dolph-Chebyshev 
excited array. 

The simulated realized gain patterns in the H-plane at 4.6 GHz 
are plotted in Fig. 4. They demonstrate that stable broadside 
radiation patterns with narrow beamwidths and low sidelobes in 
the H-plane are realized. Specifically, the simulated realized gain 
and SLL values are 11.6 and -29.7 dBi at 4.6 GHz, respectively. 

 
Fig. 4. Simulated realized gain patterns at 4.6GHz. 

 

III. CONCLUSION 
A compact, low sidelobe level Dolph-Chebyshev array fed by 

a periodic-stub loaded SW-TL was reported. The antenna 
exhibits a peak realized gain of 11.6 dBi and has compact 
transverse dimensions: 3.2 λ0 × 0.6 λ0. Its SLLs are below -30dB. 
Other outstanding merits of the prototype array include its broad 
bandwidth performance, 10.18%, and its low-profile 
configuration, 0.023λ0. 
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