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Abstract ─ This paper presents a low-profile, high gain, 

beam-tilted continuous transverse stub (CTS) array 

antenna at W-band. The antenna compromises 32 

radiating slots and is fed by a parallel plate waveguide 

(PPW) network with a linear source generator. To deflect 

the outgoing beam, the principle of linear array scanning 

is adopted to design inverted T-type structure in each 

stub to introduce wave path difference. PPW network 

allows the antenna to obtain lower profile compared to 

other transmission lines. The design procedure, and the 

antenna characterization are described. The main beam 

of the antenna is titled 12 degree in H-plane. The 

simulation and measured results show that this antenna 

achieves peak gain of 32.4 dB and a 12 degree beam tilt 

angle at 99GHz. S11 parameters of the antenna is less 

than -10 dB in a broadband from 96 GHz to 103 GHz. 

This antenna has an advantage of miniaturization over 

other high-gain antenna solutions. The promising 

performance of this proposed CTS antenna reveals the 

possible candidate for Millimeter wave (MMW) 

telecommunication applications.   

 

Index Terms ─ CTS array antenna, pillbox, W band. 
 

I. INTRODUCTION 
Millimeter wave (MMW) technology is becoming 

increasingly attractive in the future of telecommunications. 

Stringent requirements are imposed on the antennas 

which not only need high gain but also require a titled 

beam. We can refer to several solutions to try to satisfy 

these previous requirements such as classical parabolic 

systems and electromechanical scanning planar antenna 

arrays [1]. However, the parabolic systems are bulky, 

and its size is too big to flexibly move on the platform, 

while the high requirements manufacturing precision of 

electromechanical scanning planar antenna arrays leads 

to high cost [2,3]. Therefore, it is necessary to study a 

miniaturized, low-cost MMW antenna with high gain 

and tilted beam. 

Due to the attractive performance and manufacturing 

stability, Continuous Transverse Stub (CTS) array 

antennas can be considered as good candidates for 

advanced antenna systems. The profile of CTS array 

antennas can be reduced at lower cost and radiation 

performance could be improved [4]. The CTS array 

antenna was first proposed in the early 1990s [5-8], 

which is evolved from the parallel-plate waveguide. In 

1998, Chu of EMS Lab used the Floquet mode method 

[9] to analyze the radiation theory of CTS array antenna 

and perfect its basic theories. The main structure of a 

CTS array antenna is a one-dimensional (1-D) array of 

parallel-plate waveguide with parallel lateral openings. 

The electromagnetic waves are radiated from the 

parallel-plate waveguide and the impedance can be 

optimized by adding series of stubs. Over the past two 

decades, the CTS array antenna has evolved many types 

and been applied in various fields, such as True-Time-

Delay (TTD) CTS and Multi-channel Video and Data 

Distribution Service (MVDDS), etc. [10]. Moreover, the 

increasing number of stubs can enlarge the antenna  

gain. In such a way, CTS array antennas have the ability 

to improve performance in high gain and broadband 

conditions. On the other hand, the increasing demand  

for satellite telecommunications and radar applications 

stimulate the increasing development of waveguide-

based CTS array antenna, such as coaxial-waveguide 

type [11,12], coplanar-waveguide type [13,14] and 

rectangular-waveguide type [15]. However, those CTS 

antennas in conventional configurations adopt normal 

radiation. That is, when there needs an azimuth angle- 

between the antenna’s normal direction and the target, a 

titled beam that deviates from the normal direction of the 

antenna plane would be required. 

Motivated to design a low-profile and beam-tilted 

CTS array antenna at W-band, a 32-slot CTS array 

antenna and 12 degree beam deflection angle working in 

the frequency band of 96-103 GHz is proposed. The 

antenna is fed by a pillbox, whose structure has a lower 

profile compared to the multiplexed power split structure. 

The impedance transformers in the design are introduced 

not only for the feeding network, but also for the 

radiation stubs. This method can optimize the return loss, 

reduce the size of the entire antenna and improve the 

antenna efficiency through structure and parameter 
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optimization. The radiating stubs of 32 slots are adjusted 

which are based on the principle of linear array scanning 

to contain an inverted T-type structure for realizing   

an azimuth-angle inclination. The final thickness of   

the antenna is 30 mm and can be further reduced by 

dielectric filled (parallel plate waveguide) PPW feeding 

network. Measurements of antenna performance are very 

promising and reveal the possibilities of CTS array offers 

for MMW communication applications.  
 

II. ANTENNA DESIGN 
Among all antenna structures, CTS array antennas 

are very different from other types of planar array 

antennas in the field of radiating realization, coupling 

mechanism, transmission-line properties, and feeding 

network [15]. Figure 1 illustrates a typical CTS array 

antenna structure, realized by a wide and continuous 

array of short transverse radiating stubs. CTS array 

antenna is of limited height, extending from the upper 

conductive plate of an open parallel plate transmission 

structure, internally excited by a linear source. These 

stubs interrupt the longitudinal current component 

within the parallel plate transmission structure and 

effectively couple and radiate propagating energy from 

the parallel plate structure into free space as a linearly 

polarized wave. 
 

 
 

Fig. 1. Typical cross-sectional view of a CTS array. 
 

In order to achieve a low-profile and high-gain CTS 

array antenna with an angle of beam inclination, the 

number of radiating stubs required is significant, all  

parts of the antenna need to be simulated and tolerance 

analysis according to principle of phased array beam 

control [16]. As shown in Fig. 2 (a), the CTS array 

antenna proposed in this paper consists of two main  

parts: The CTS array (CTS radiation stubs and parallel 

plate waveguide network) and a linear source generator. 

The CTS array contains 32 radiating stubs which are 

connected to the end of the power divider, the pillbox 

structure effectively reduces the overall height of the 

antenna by using an embedded two-dimensional (2-D) 

parabolic reflector. The beam emitted by the CTS array 

antenna is at a fixed declination to the antenna's normal 

direction, the application scenario rendering of the CTS 

antenna proposed in this paper is shown in Fig. 2 (b). 

Details of the CTS array antenna proposed in this paper 

are shown in Fig. 2 (a), inverted T-type structure is the 

reason for the tilted beam of the antenna. The overall  

size of the CTS array antenna is 60mm * 60mm * 30mm, 

which mainly compromises the CTS array and the linear 

source generator.  
 

 
 (a) 

 
 (b) 

 

Fig. 2. Perspective view of the CTS array antenna: (a) 

Front view and (b) application scenario rendering. 

 

A. The CTS array 

As shown in Fig. 3, the CTS radiating stubs which 

are composed of 32 sections attach to the parallel plate 

waveguide network. The reflection coefficient of the 

radiation stubs depends on the width of stub (a), the array 

spacing (d) and dielectric constant of filled material 

within an operational frequency range. In order to achieve 

a good impedance match for broadband transmission, the 

radiating stubs are fed with the same amplitude and 

phase by the parallel plate waveguide network which 

consists of a parallel 1-to-32 power divider [17]. 

The beam inclination angle can be achieved by 

using an inverted T-type structure [18]. In such a way, 

the inverted T-type structure in this paper has been 

designed to steer the antenna beam to 12 degree in the 

azimuth plane. Phased array scanning and positioning 

are used here. For phase-controlled scanning of the beam 

in space, each radial array element is connected to a 

variable phase shifter. Inverted T-structure creates a 

wave path-difference between adjacent radiating stubs. 

In the direction of deviation from the antenna 

normal to θ degree, the phase difference between the two 

adjacent array elements: 

 2 / ,BФ dsin  =  (1) 
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where d is the width of two adjacent periodic stubs, λ is 

the wavelength at the center frequency. It is caused by 

the wave path-difference of the target echo. Due to the 

nonzero phase difference between the array elements, the 

antenna normal direction of each array element of the 

radiation field strength cannot be summed, such that the 

antenna normal direction is no longer the direction of the 

largest field strength. In the direction of deviation from 

the antenna normal to θ degree, the maximum value is 

obtained by adding the field strengths in the same phase, 

and the beam direction changes from the array normal to 

the direction of deviation from the antenna normal to θ 

degree. By changing the phase difference ФB between 

neighboring cells in the array, we can have a titled beam 

at θ, which can change the direction of the antenna beam. 

Then, the wave path-difference can be calculated as: 

 .d dsin =  (2) 

This will give the wave path-difference as needed. 
 

 
 

Fig. 3. Perspective view of the CTS array. 
 

As shown in Fig. 4, every node of the parallel plate 

waveguide network is composed of an E-plane T-section 

and a multi-stage matching step. A multi-stage matching 

step based on Chebyshev impedance transformation 

theory [19] is designed, and the final size is determined 

in accordance with simulation and optimization. 

The final array consists of 32 radiating stubs, and the 

original array spacing is set as λ/2 (λ is the wavelength 

at the center frequency). The center frequency of the 

design is 99 GHz (corresponds to a wavelength of 3mm 

in vacuum). The dimensions of stubs is illustrated in  

Fig. 5 (a). By setting fc=99 GHz, the stub width 

a<amax=λ/2=1.502mm. On the other hand, as discussed 

in [19], for a given width of two adjacent periodic stubs 

d, the real part of the active slot impedance Zact in the 

H-plane of a CTS array increases when a decreases. The 

active slot impedance of an infinite CTS array with this 

value for (d+a) has been computed for different slot 

widths, approaching its upper bound of (d+amax), by 

using the numerical model presented in [19]. Each active 

impedance is normalized with respect to the characteristic 

impedance Z0=ηa/ω of a PPW line having its height 

equal to the slot width a and a unitary length ω, where  

η is the free-space impedance. Bringing back to the 

numerical model presented in [19], calculation results 

demonstrate that for (d+a) = 1.5 mm, the imaginary part 

of the slot active impedance experiences limited variations 

and in low resistance. Therefore, the stub width a is set 

as 0.66amax = 1 mm and d =0.5 mm. According to the 

mathematical model used to calculate d, the wavelength 

difference between two adjacent radiating stubs dτ is set 

to 0.104mm. As shown in Fig. 5 (a), after analysis of the 

simulation results, the best impedance matching is 

achieved when the inverted T-type structure is set at 

0.76mm from the top of the radiating stubs and the length 

is 0.64mm. The equivalent circuit diagram of the end of 

the radiating branch with the inverted T-type structure 

added is shown in Fig. 5 (b). Phase difference between 

adjacent radiating stubs at the Y-port due to the difference 

in signal transmission distance 

As shown in Fig. 5 (c), the E-plane T-section is a 

classical power divider in PPW technology associating 

to a quarter wavelength transformer, so the input and 

output ports have the same characteristic impedance and 

width (0.7 mm). The quarter-wavelength transformer of 

width 0.5 mm is used to halve the impedance value at the 

output ports before joining the section with width 0.36 mm. 
 

 
 

Fig. 4. Cross-section view of the CTS array. 
 

    
 (a) (b) 

 
 (c) 
 

Fig. 5. E-plane cross-sectional view: (a) inverted T-type 

structure; (b) inverted T-type structure’s equivalent 

circuit; (c) E-plane T-section. All dimensions are given 

in millimeters. 
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B. Linear source generator 

The selection of feeding network is crucial. Existing 

feeding network contains a combination of a power 

divider and a radiator, pillbox, lens array, etc. [20]. There 

are two combinations (vertical and horizontal methods) 

to connect a power divider to a radiator. The horizontal 

method allows for lower profile compared with the 

vertical one, but both approaches are difficult to be  

used in a broadband application for the complexity and 

bandwidth limitation of the power divider. The attractive 

characteristics of pillbox are low-cost, compactness and 

miniaturization [21]. In order to achieve low profile and 

low cost, a pillbox is used in this paper. In the pillbox, 

various modes exist between the two plates according  

to the distance between parallel plates [22]. The pillbox 

supports free propagation of a principal wave (TEM-

mode) in which the electric vector is normal to the plates, 

and the velocity of propagation and the wavelength are 

the same as in free space. TE and TM modes are also 

possible in a pillbox, which correspond to the modes in 

a rectangular waveguide [23]. 

As shown in Fig. 6, the linear source generator 

consists of a pillbox and an H-plane horn. The pillbox 

generates a linear source to excite the parallel plate 

waveguide network. The H-plane horn is fed by a 

standard WR-10.0 waveguide. The horn is located in the 

focal plane of the 2-D parabolic reflector. The H-plane 

horn and the pillbox are placed in the parallel plate 

waveguides and are same in height. Figure 7 shows a  

top view and a cross-sectional view of the linear source 

generator. It is made by two stacked PPW lines and     

a long slot with a width of 2.3 mm coupled through     

a spherical crown. The 2-D parabolic reflector in the 

common metal plate is contoured between the two PPW 

lines with the distance of 0.51 mm. As Fig. 7 (a) shows, 

the pillbox couplers designed here have the following 

parameters: the diameter of the pillbox length, denoted 

as D, the focal length of the parabola, denoted as F, the 

focal horn aperture as shown in Fig. 6. To match the 

parallel plate waveguide network, the diameter D is 

equal to length L (shown in Fig. 3) of the CTS radiating 

stubs. Once the parabola diameter has been selected, the 

focal length F and the focal horn aperture are to be 

chosen together [24]. In this work, we set the diameter  

D =19.8λ=60mm and the focal length F =15.2λ=46 mm 

together with a horn width of 10.32 mm. Finally, a 90 

degree bend with a stair-step height of 0.46mm connects 

the pillbox transition to the input port of the corporate-

feed network after a three-layer decreasing rectangular 

waveguide structure. The three-layer decreasing 

rectangular waveguide structure can filter out high sub-

modes in the structure. 

 

 
 

Fig. 6. 3-D view of the linear source generator. 
 

 
 (a) 

 
 (b) 

 

Fig. 7. (a) Top view and (b) cross-sectional view of the 

linear source generator. All dimensions are given in 

millimeters. 

 

III. RESULT 
The designed CTS array antenna was simulated   

by ANSYS Electronics Desktop HFSS 19.0. Based on 

the parameter optimization of CTS radiation stubs and 

waveguide feeding network, the results meet the design 

requirement of antenna. 

The antenna in this paper is realized by gold-plated 

copper. An efficient method based on separate module  
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fabrication and screw assembly is used to simplify    

the fabrication process. The standard method of 

manufacturing hollow the CTS array and the pillbox 

relies on an expensive joining or brazing process and 

connecting the pillbox to the CTS array. The processed 

antenna is shown in the Fig. 8. 

 

 
 

Fig. 8. Top view of antenna prototype. 

 

The S-parameters and directional maps of the 

processed antenna are measured and also are compared 

with the simulation results. We use the Agilent N5227A 

PNA network analyzer and a set of WR-10 (75–110 GHz) 

VNA extenders to characterize the device transmission 

and using the method of rotating the antenna to test 

antenna pattern. The good agreement between the 

simulation and measurement is shown as following. 

Figure 9 (a) shows the simulation and measured results 

of the antenna reflection coefficient. The operating 

frequency band is 96 GHz to 103 GHz (relative working 

bandwidth: 7%), and the reflection coefficient is less 

than -10 dB in available frequency band. Fig. 9 (b) shows 

the simulation and measured results of the gain in     

E-plane at 99 GHz. The pattern shows that the gain is 

32.5 dB at 99 GHz and normalized side lobe level is less 

than-12dB. The azimuth of the beam is 12 degree and the 

HPBW is 2.56 degree. We can see from the measured 

result that there is a peak gain of 31.6 dB at the center 

frequency of 99 GHz, the normalized side lobe level is 

less than -12dB. The gain of this antenna is over than 30 

dB in the frequency range of 96-103 GHz. The beam has 

a deflection angle of approximately 12 degree. HPBW of 

this antenna is about 2.4degree. The measured peak gain 

is slightly lower than that in the simulation. The small 

difference may be attributed by the assembly error and 

the fabrication tolerance. 

 

 
 (a) 

 
  (b) 

 

Fig. 9. (a) Simulated and measured S11 parameters of  

the CTS antenna. (b) Simulated and measured radiation 

patterns at the frequency of 99 GHz.  

 

IV. CONCLUSION 
This paper presents a CTS array antenna with   

low profile, high gain, high efficiency and 12 degree 

beam deflection angle. This antenna consists of CTS 

array (CTS radiation stubs and parallel plate waveguide 

network) and a linear source generator, which can be 

independently designed and optimized. We change the 

radiating stubs by the inverted T-type structure to realize 

an azimuth angle of inclination. This CTS antenna 

utilizes multistage impedance converter to increase 

radiation efficiency and achieve a higher gain and lower 

side lobe in feeding network and radiation components 

compared with other CTS antennas. And the pillbox 

structure of the linear source generator is also used to  
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implement this low-profile CTS array antennas. It has 

been demonstrated that the structure can be an attractive 

candidate for the through-the-wall detection system 

based on terahertz technology. 
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