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Abstract—A new 3-element multi-sin-shape corrugated 

antipodal Fermi tapered slot antenna (MSC-AFTSA) array 

integrated with a grooved spherical (GS) lens operated at 57-64 

GHz is introduced. Multi-corrugated patterns are implemented to 

obtain better matching performance when the antenna feeds the 

GS-lens with broadband coverage. An implemented design for 

grooving the lens profile presents a new principle to obtain an 

optimum focal point feed using the tapered slot antennas. This 

technique gives more freedom to enhance the E- and H- plane 

characteristics with a gain of 20 dB, radiation efficiency of 83% at 

60 GHz and wide angle multi-beam coverage. It is a relatively 

small spherical lens antenna with three feeds of MSC-AFTSA 

array, 44.2 × 51.6 × 25.4 mm3 in size. There is a good agreement 

between calculated and measured results. The proposed antenna 

prototype with its wide-scan performance is suitable for 

broadband multiple-input–multiple-output (MIMO) 

communication systems operating at mm-wave bands.  

 
Index Terms—60 GHz, tapered slot antennas, wideband 

antenna feeds, lens antennas, millimeter-wave, 5G 

communication, MIMO antennas.  

I. INTRODUCTION 

60 GHZ FREQUENCY RANGE has become a reasonable 

band for high data rate services, which are seeing 

increasing demand nowadays for short range MIMO 

communications for fifth generation (5G) applications [1], [2]. 

To overcome high propagation loss encountered within the 60-

GHz band, an antenna with high gain, stable radiation 

characteristics, and an ability to cover a full unlicensed 

worldwide bandwidth of 5–7 GHz is required. These features 

are satisfied in utilizing the printed tapered slot antennas (TSA) 

[3-6], which provide a wide bandwidth, high gain end-fire 

characteristics, high radiation efficiency, and are easy to 

fabricate. The planar design of TSAs makes them easier to 

employ in low profile beam steerable directional antennas for 

indoor applications, base stations and/or as portable devices. 

The choice of a 60 GHz broadband for MIMO applications 

has been reported in [7]-[11]. The indoor 60 GHz applications 

presented in [7] have introduced a hybrid system of downlink 

beamforming with phased antenna arrays using a division of 

multiple access channels to support a multi-user MIMO system. 

 
Z. Briqech and A. R. Sebak are with the Department of Electrical and 

Computer Engineering, Concordia University, Montréal, QC H3G 2W1, 
Canada (e-mail: z_briqec@encs.concordia.ca, abdo@ece.concordia.ca) 

In [9] it conducted a wireless data speed of up to 51 Gb/s at 60 

GHz, performed with a 2 × 2 spatially multiplexed MIMO with 

an orthogonal frequency division multiplexing system. A 

successful characterization of underground mine conducted at 

a 60 GHz band with MIMO radio channels has used a 2 × 2 

planar microstrip antenna array demonstrated in [10]. In [1], 

Rappaport and his team have presented intensive outdoor 

measurement scenarios to demonstrate operations within 

several millimeter wave (MMW) bands, including 60 GHz, for 

MIMO 5G applications. A 60 GHz single-polarized horn 

antenna and 2 × 2 dual-polarized array front-ends have been 

employed in [11] for short-range MIMO communications.  

Despite the good performance of the antenna elements 

reported in [8], [10], and [11], a large array design with 

relatively low gain per single antenna element and a complex 

array structure increase the overall system losses. The selection 

of an efficient antenna that can deliver a high gain and high 

radiation efficiency is essential in order to increase the MIMO 

system performance.  

 In addition, wide angle scanning antennas are desired for 

several MMW applications, such as automobile radars [12], 

broadband MIMO communications [11], and imaging systems 

[13]. Dielectric lens antennas have been employed for a wide-

scan with TSA, reported in [12], [14]-[15]. As experimentally 

conducted in [9], spatial arrangements with angled antennas can 

increase the system robustness, especially when employed with 

spatial multiplexing MIMO for 60 GHz wireless systems - 

which effectively increases the system capacity. In [12], 

Schoenlinner et al introduced a wide-scan system using a 33-

beam array of TSA-fed spherical Teflon lenses for automotive 

radars operating at 77-GHz. A planar linear TSA-fed two-

dimensional cylindrical Luneberg lens antenna based on a 

partially-filled parallel plate technique conducted at 30 GHz has 

been introduced in [14]. A similar approach in [15] has a wide-

scan coverage for multi-fan-beam applications.  However, in 

most reports, as in [12], [14], the conventional employment of 

the TSA fed lens is similar to those used in a broadside 

microstrip antenna at a focal point of spherical lenses. It is very 

difficult to obtain a focal feeding point for the spherical and 

cylindrical lens, especially when utilizing an endfire antenna. 

The behavior of a traveling wave antenna generates multi-

resonance between the tapered slots leading to the creation of 
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several focal points along the slot. This paper proposed a 

solution, which is to contain these focal points by inserting the 

tapered slot antenna through the grooved spherical lens, making 

the grooved lens deflect the propagating waves in the endfire 

pattern much better than any other design, such as a 

hemispherical lens. 

This work presents a new high-gain antipodal Fermi tapered 

slot antenna (AFTSA) element as a feeding element to small 

spherical lens antenna and proposes an array orientation for 

wide angular coverage by transmitter (TX) and receiver (RX) 

terminals for MMW MIMO systems. A multi sin-corrugation 

antipodal Fermi tapered slot antenna (MSC-AFTSA) is loaded 

with the grooved lens to cover the 57 - 64 GHz band. The multi 

sin-corrugation (MSC) is applied to increase the degree of 

optimization when the MSC-AFTSA is loaded with the lens. 

This different sin-corrugation pattern of the antenna enhances 

the radiation characteristic and matching impedance, and 

reduces sidelobe and backlobe levels. A new grooved spherical 

lens (GS-Lens) is investigated when loaded to the MSC-

AFTAS antenna. Results are presented for the proposed GS-

lens of 20dB at 60 GHz. Utilizing a 12.7 mm radius lens made 

of polymathic methacrylate (PMMA), a lightweight transparent 

thermoplastic with a relatively low dielectric of εL ≈ 2.6 [16] 

achieved a radiation efficiency of 83%. The simulated and 

measured results for a non-uniform 3-element array prototype 

feeding the GS-lens and generating a wide-scan beam are 

presented. The design exhibits a high gain, low cost, light 

weight, and compact size compared to a standard horn antenna 

operating at the same frequency bandwidth, as in [8], [12] [14], 

and [15]. A good agreement between calculated and measured 

results is observed. In summary, the main contributions of this 

work are as follows: 

 Presenting the antenna design and engineering aspect of 

the MSC-AFTSA integrated with the GS-Lens, and the 3-

element wide-scan profile proposed for MIMO 

applications in Sec. II. 

 Investigating the impact of proposed grooved sphere 

design in the full wave analysis, and performing a 

parametric study of the feeding mechanism that includes 

the effect on antenna gain and optimization procedure in 

term of surpassing of the sidelobe at the E - plane and H-

plane obtained in Sec. III.  

 Investigating the electric field distribution and 

understanding the behavior wide-scan MSC-AFTSA array 

fed to the grooved spherical lens antenna, analyzing the 

diffracted wave through the lens and scattered back waves 

and coupling between the elements in Sec. IV, this 

elaborating the advantage of proposed array profile for 

MIMO communications.  

 Prototyping, and measuring the proposed designs of single 

element MSC-AFTSA and of 3-element scan array loaded 

with GS-Lens, including return loss and radiation pattern 

results in Sec. V. 

II. ANTENNA DESIGN TECHNIQUE 

This section presents the antenna design and configurations 

of the MSC-AFTSA integrated with the GS-Lens, and the 3-

element wide-scan profile, illustrated in Fig. 1. 

 
Fig. 1.  Proposed (a): AFTSA with multi sin-corrugation patterns; (b), MSC-

AFTSA loaded with a grooved spherical lens; (c), Three-element MSC-AFTSA 

array profile; and (c), the array loaded with a grooved spherical lens. 

 

A. Feeding Element Design  

 The MSC-AFTSA is designed on a thin 0.2 mm microstrip, 

RO4003 (εr = 3.55, tanδ = 0.0027) substrate that has a 17.5μm 

copper thickness, as shown in Fig. 1 (a). A 50 Ω microstrip feed 

line with a width of Wf, and a grounded width of Wg, is gradually 

fed to the circular slot rc ( = a + dh), which is a partially 

corrugated sin-shape defined by Avsin(kvt) - where Av is the 

amplitude, kv is the period, and t is the fraction of the variable 

x-axis. This circle radius (radius, rc) slotted feeding is used as 

the balun for matching. The corrugated edges along the y-axis 

are formed in four sine wave patterns of Ansin(kt) with different 

amplitudes (A1, A2, A3 and A4) and a period (k). The At and 𝑘 

have empirical guideline ranges of 𝜆𝑔 3⁄ ≥ 𝐴𝑡 ≥ 𝜆𝑔 10⁄  and 

𝑘 ≥ 1.5𝜆𝑔, which could be optimized to a sufficient reflection 

coefficient and antenna gain, as well as to reduce the sidelobe 

level. 

The tapered slot profile is defined by the Fermi-Dirac 

(b): Antenna with Grooved-Spherical Lens 

(a): MSC-AFTSA Profile 

(c): 3-Element Profile (d): 3-Element Profile with 

Grooved Spherical Lens 

Lens 

C0 φ φ 43.8 mm  
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function, first reported by Sugawara et al [4] as 

𝑓(𝑦) =
−𝑎

1+𝑒−𝑏(𝑦−𝑐)                       (1) 

where y is a variable of the Fermi-Dirac function from −𝐿𝑓 to 

𝐿𝑠. The length from the input feed line to the start point of the 

corrugation is 𝐿𝑓, and  𝐿𝑠 is the length from the start point of 

the corrugation to the end of the slot. The constant 𝑎 is the 

asymptotic value of the width of the taper, which is Wa = 2a. 

The value 𝑐 is related to the y-coordinates of the Fermi-Dirac 

function inflection point, and 𝑏 is related to the gradient at 

inflection point c. The range of these variables in [5] are 

recommended to be 5λg ≥ a ≥ 3λg, 1.5λg ≥ b ≥ 0.8λg,                                  

and 2λg ≥ c ≥ λg - where  λg is the guided wavelength. 

 

The optimum substrate thickness of MSC-AFTSA involves 

identifying the desired operating band, which has been reported 

by Yngvesson et al in [5] and [6]. The substrate thickness ℎ of 

the antenna is  

0.005 ≤ (ℎ =
𝑐0

 𝑓1(√𝜀𝑟−1)
) ≤ 0.03                   (2) 

where f1 is the lowest frequency in the selected band, c0 is the 

speed of light and εr is the dielectric constant of the substrate. 

The optimized dimensions are listed in Table I.  

 
TABLE I 

OPTIMIZED DIMENSIONS OF THE PROPOSED ANTENNAS 

Parameter dg Lf Ls W Wf Wg kv 

Value 3 7 16 9 0.46 8 20 

Parameter dh a b c rc g rh 

Value 1 3 0.4 4.5 4 0.27 1.98 

Parameter Av Lt Lts Lts2 hg rs A1 

Value 1.5 27 39.7 31.5 0.36 12.7 0.67 

Parameter A2 A3 A4 k dn 
Value 0.45 0.33 0.27 9 3.66 

     All dimensions are in mm. 
 

B. Antenna Lens Design  

The proposed grooved spherical lens is loaded to the MSC-

AFTSA, as shown in Fig. 1 (b). The lens, with radius rs, is made 

with polymethyl methacrylate (PMMA), a lightweight 

transparent thermoplastic with a relatively low dielectric 

constant of εL ≈ 2.6, tanδ ≈ 0.0026 at 60 GHz [16], [17], which 

is chosen to achieve the optimum high gain and low profile 

design. As shown in Fig. 1 (b) the MSC-AFTSA is inserted in 

the groove up to the center of the GS-lens. The antenna feed is 

modeled to excite the TE wave mode at the rear end port. The 

optimized dimensions of the antenna are listed in Table I. 

C. 3-Element Antenna Design  

Fig. 1 (c) and (d) present a new profile for a three element 

switched-beam MSC-AFTSA design loaded with a grooved 

homogeneous PMMA spherical lens with εL ≈ 2.6. The angular 

spacing for the 3-element MSC-AFTSA elements is 30° along 

the x-y axis, and they are designed on a thin 20 mm RO4003 (εr 

= 3. 55, tanδ = 0.0027) substrate. The single element is designed 

to cover the unlicensed band, and the optimized dimensions are 

listed in Table I.  The angular spacing, φ = 30° between the 3-

element MSC-AFTSA elements, can be utilized to cover a 60° 

radiation angle. Both elements, the right and the left, are rotated 

by φ = 30° around a common center point C0. This point is 

placed at a distance of 43.8 mm from the input port at the center 

element, as shown in Fig. 1 (b). The three-antenna orientation 

is modeled to cover line-of-sight (LOS) and non-LOS at the 

MIMO’s receiver and transmitter sides. Furthermore, the 

orientation diversity of the antenna can increases system 

robustness, especially when employed with the spatial 

multiplexing MIMO for 60 GHz wireless systems, which can 

effectively increase the system capacity [9]. This 3-element 

design fits the chosen lens diameter, and in order to increase the 

antenna elements to cover a broader scan area, a larger lens 

diameter is required.  

 
Fig. 2.   A time snapshot of the electric field for MC-AFTSA-SC antennas 

with HS-lens, and MC-AFTSA-SC with GS-lens 
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Fig. 3. The reflection coefficient and antenna gain comparison of MSC-

AFTSA, and MSC-AFTSA used with the GS-lens. 
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III. ANTENNA WITH GS-LENS AND PARAMETRIC STUDY 

A full wave analysis is carried out and performed within the 

time-domain solver of the CST Microwave Studio 2014. To 

understand the behaviour of the antenna, the electric field 

distribution for two antennas is calculated using a CST-MWS 

simulator at 60 GHz, as shown in Fig. 2. The leakage-wave 

behaviour through the substrate is determined and observed as 

the waves propagate along the open end of the taper slots. It is 

observed that the propagating wave of the MSC-AFTSA  is 

more focused when fed with the grooved spherical lens 

compared to a hemispherical lens as illustrated in Fig. 2. The 

groove in the spherical increases the diffracted wave through 

the lens and decreases the scattered back waves, which 

increases the gain and lowers the sidelobe level.  

 

Fig. 4.  The impact of varying the inserting distance through the grooved 

spherical lens. 

 

The return loss (S11) and antenna gain responses for the three 

antenna types are presented in Fig. 3. The proposed design of 

MSC-AFTSA with GS-lens achieves a high normalized gain of 

20dB at 60 GHz, which is higher by 5dB compared with the 

other antenna, as shown in Fig. 3. The S11 for two antennas are 

< - 10 dB. Meanwhile, inserting the antenna in the groove 

suppresses the scattered field in the end-fire antenna direction. 

This fact makes the proposed antenna loaded with grooved 

spherical lens capable of increasing the antenna gain and 

decreasing the return loss. 

Extensive parametric studies of corrugation amplitudes A1, 

A2, A3 A4, Av and period, k, kv are carried out using CST-MWS 

to investigate the effect of multi-corrugation on the grooved-

lens antenna performance. The optimized dimensions of the 

proposed grooved lens antenna prototype are presented in Table 

I. These multi-corrugation variables are able to provide a 

further scale in optimizing the antenna when it is inserted to a 

grooved lens in order to obtain a low sidelobe in the E- and H-

planes, better matching impedance, and high gain performance.  

In further investigation of antenna parameters, dL presents 

the inserting distance; when dL= 0, the MSC-AFTSAs are 

placed on the edge of the lens, and when dL= - 12.7, the antenna 

is inserted into the center of the grooved spherical lens. The 

insertion position of the antenna is an important parameter; in 

order to understand the impact of dL on the sidelobe level in the 

E- and H-planes, and antenna gain, dL is varied from -12.7 to 0, 

and the results are illustrated in Fig. 4. In conclusion, the 

optimum inserting distance is at dL= - 12.7, which makes the 

design sufficient to deflect the propagating waves into the end-

fire pattern direction.  

 
Fig. 5.   E – and H –plane radiation pattern comparison between the MSC-

AFTSA, and the MSC-AFTSA with GS-lens at 60 GHz. 
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The radiation patterns at 60 GHz for the two antennas in the 

E– and H–planes are presented in Fig. 5. As shown, the groove 

in the GS–lens narrows the H–plane field. The HPBW reaches 

18.5° and 13° at the H–plane (yz-axis) and E–plane (xy-axis), 

respectively. Moreover, the sidelobe levels are below -20dB in 

both E– and H–plane. The HPBW for MSC-AFTSA is 35° in 

the H–plane and 27° in the E–plane. 

 
Fig. 6.  A time snapshot of the electric field for 3-element MSC-AFTSA 

array profile on the left, and on the right, the array loaded with a grooved 
spherical lens at different excitation port. 

 

IV. WIDE-SCAN MSC-AFTSA ARRAY FED WITH GROOVED SPHERICAL 

LENS ANTENNA 

The calculated electric field distribution using CST-MWS 

operated at 60 GHz is used to understand the behavior of 3 

elements MSC-AFTSA array profile with a grooved spherical 

lens at different excitation ports, as shown in Fig. 6. The input 

port of the three elements is excited individually in observing 

the electric field distribution of each element with the lens. 

Where at the right element excitation (R), and at the left element 

excitation (L), and at the center element excitation (C). In the 

case where there is a GS - lens loaded to the antenna, the electric 

field distribution is similar to the side elements, R, and L, but 

then when the center excited, the antenna gain is at the 

optimum, since the C-element is positioned at the center and the 

diffracted waves are more concentrated through the lens.  

 
Fig. 7.  Simulated return loss (S11, S22, S33) and coupling of the center 

element to the left element (S21) and to the right element (S31) for the 3-

element MSC-AFTSA array loaded with GS-lens. 
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The grooved lens indicates a suitable design to employ the 3-

element profiles, and the distribution of the electric field is clear 

through the lens for all antenna excitation. Furthermore, this 

electric field distribution shows the advantage of this MIMO 

array profile, notably the mutual coupling between the elements 

is very low. Therefore, the grooved sphere increases the 

diffracted wave through the lens and decreases the scattered 

back waves, which leads to increase the gain and lower the 

sidelobe level. 

Fig. 7 presents the simulated results of mutual coupling 

coefficients (S21, S31, and S32) and the return loss (S11, S22, 

and S33) at each input port. Coefficient results are simulated in 

Ref. 1, in order to employ the CST MWS plane wave port for 

each input port.  The mutual coupling is < -30 dB from 50 – 70 

GHz, as shown in Fig. 7. This low coupling between the antenna 

elements is required to obtain sufficient isolation between the 

transmitter and the receiver channel in MIMO systems [18]. 

The calculated gain responses of the proposed antenna with 

and without a GS-lens are presented individually at each 

excitation feed for the antenna’s C, R, and L elements, as shown 

in Fig. 8. The gain of the 3-element MSC-AFTSA array profile 

without a GS-lens is relatively similar; although, the gain for 

the C- element is slightly higher than for the other two side-

elements, which is expected, since the substrate extension at the 

front end of the C-element increases the gain. For the 3-element 

MSC-AFTSA array loaded with a GS-lens, the gain increases 

by 2.5 dB to 5 dB, and the gain is almost stable over the entire 

frequency band. In addition, because the C-element is 

positioned at the center, the gain is higher by 1-2 dB compared 

to the side elements. 

 
Fig. 9.  Radiation patterns simulated at 59, 60, 62, and 64 GHz for the three-

element array. 

 

 

In order to increase the data rate, a three-element MSC-

AFTSA array with GS-lens loaded operated as a single-pole 

three-throw switch can be used to switch between the three 

beams in MIMO applications. This proposed three-element 

array can be used also as independent transceivers connected 

to each element, which leads to increase the data rate in 

communications. Fig. 9 shows the simulated radiation patterns 

of the 3 - element array, and Fig. 10 shows the simulated 

radiation patterns of the 3 - element array loaded with a 

grooved spherical lens at frequencies of 59, 60, 62, and 64 

GHz. The radiation patterns are presented in the co-

polarization and cross-polarization for both E- and H-planes. 

The beam peak of the C-element is pointed at 90°, the L-

element at 60°, and the R-element at 120°, in an array of total 

radiation angle coverage of 60°. As seen in Fig. 9, the radiation 

patterns are in the endfire direction with relatively similar 

patterns for the E- and H-planes, and a very low side-lobe 

level. As seen in Fig. 10, when the proposed grooved spherical 

lens is loaded to the proposed 3-element array, the radiation 

patterns are steered with a wider E-plane beamwidth compared 

to the H-plane and covers a wider angular range, increasing 

the antenna gain and keeping the sidelobe level low. 

Therefore, this proposed antenna profile delivers a high 

performance in terms of beam switching with a wide angle 

coverage, low profile, and low mutual coupling design. 
 
 

 
Fig. 10.  Simulated radiation patterns of the 3 - element array loaded with a 

grooved spherical lens at 59, 60, 62, and 64 GHz. 
 

  

V. MEASURED RESULTS 

A. Results of MSC-AFTSA with GS-Lens  

 The MSC-AFTSA design was fabricated by LPKF 

ProtoLaser, a machine which utilizes etching metal from 

laminated substrates.  The photographs of the proposed MSC-

AFTSA design are shown in Fig. 11. Views of the top and 

bottom layers are shown in Fig. 11 (a), and (b) shows the 

prototype of the grooved spherical lens. The spherical lens is 

made of PMMM, and it is grooved up to the center by a high 

pressure water cutting system with 0.36 mm in thickness.  The 
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reflection coefficient measurement setup when MSC-AFTSA is 

loaded with a grooved spherical lens is illustrated in Fig. 11 (c). 
 

 
 

Fig. 11.  (a): Top and bottom layers photographs of the MSC-AFTSA  

design, (b): a grooved spherical lens prototype. The measurement setup 
when (c):  MSC-AFTSA is loaded with a grooved spherical lens. 

 

A comparison of results between the proposed antenna, and 

MSC-AFTSA loaded with a grooved spherical (GS) lens was 

performed. A full wave analysis was carried out and performed 

within the time-domain solver of CST Microwave Studio 2014. 

The return loss (S11) of measured and simulated results for the 

three antenna types are presented in Fig. 12. The S11 for all 

results are <-10 dB and a wide bandwidth covers the band from 

55 - 67 GHz. There is a better matching result when the antenna 

is loaded with the grooved spherical lens. 
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Fig. 12.  Measured and calculated results for the reflection coefficient 

comparison of MSC-AFTSA and MSC-AFTSA with GS-lens. 
 

A foam test fixture is made to hold the grooved lens in a fixed 

position and aligned with the MSC-AFTSA feed at the anechoic 

chamber, for radiation pattern measurements. The measured E- 

and H-plane radiation pattern comparison between a MSC-

AFTSA, and with GS-Lens, both at 60 GHz, is shown in Fig. 

13. The antennas exhibit pattern stability over the impedance 

bandwidth. The patterns show an end-fire directive in both E- 

and H-planes, and the simulated results and the measurement 

results of the co-polarized patterns (Hco, Eco) and the cross-

polarized patters (Ex, Hx) demonstrated a good agreement. 

However, the foam test fixture effect appeared only in the H-

plane, which can be eliminated in practical applications by 

fixing the lens directly to the system circuit board.  

B. Results of 3-Element Scan Array Loaded with GS-Lens  

The fabricated prototypes of the proposed MSC-AFTSA 

array Fig. 14 (a), and the S11 measurement setup for the antenna 

with a grooved spherical lens at three feeding stages, measured 

individually, at the center and left and right feed, as illustrated 

in Fig. 14 (b). The prototypes were fabricated using a LPKF 

ProtoLaser machine. The S11 of three MSC-AFTSA array is 

measured by PNA A5227N, and the proposed antennas are 

connected to Anritsu 3680V test fixture able to measure up to 

67 GHz.  

Fig. 15 shows the measured and simulated S11 results 

comparison of the 3-element MSC-AFTSA array profile, at 

different feeding ports. The excited 3-element MSC-AFTSA is 

connected either to the left, right, or center element at a time. In 

each case, the other two antenna feeds are left unloaded since 

there is a low mutual coupling effect between the elements. A 

single-pole triple-throw (SP3T) microelectromechanical 

system (MEMS), as in [19], can be used to obtain a high-speed 
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Fig. 13.   Measured and Simulated results for the E – and H –plane radiation 
patterns’ comparison between the MSC-AFTSA  without a lens and with a 

GS-lens, at 60 GHz. 
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switching between the elements at 60 GHz in MIMO 

applications. 

 
 

Fig. 14.  (a): Photographs of the 3-element MSC-AFTSA array design. The 

S11 measurement setup of the antenna with a grooved spherical lens when 

(b): element - C is connected. 
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Fig. 15.  Measured and simulated return loss results of the 3-element MSC-

AFTSA array profile at different ports. 
 

 
 

Fig. 16.  Measured and simulated return loss results of the 3-element MSC-

AFTSA array loaded with GS-lens conducted at different ports. 

 

Additionally, the S11 measured and simulated result 

comparisons for the 3-element array loaded with GS-lens, 

conducted individually at ports L, C, and R, are presented in 

Fig. 16. The S11 of <-10 dB covers the selected band from 50 - 

67 GHz for both arrays with or without a GS-lens. The 

measurement results show an adequate trace to the calculated 

ones; however, a slight shift may be caused by fabrication 

tolerance, and the tolerance in the substrate’s dielectric 

constant. Consequently, the measurement results are in a good 

agreement with the calculated results. 

Fig. 17 shows the measured and simulated radiation pattern 

results of the 3-element array loaded with a grooved spherical 

lens. A foam with dielectric constant 1.08 formed as a test 

fixture specifically to hold the grooved lens and aligned with a 

3-element MSC-AFTSA feed at the anechoic chamber for 

radiation pattern measurements, is illustrated in Fig. 17 (a). The 

radiation patterns are presented in the co-polarization and cross-

polarization of the E-plane. The beam peak of the C-element is 

pointed at 90°, the L-element at 60°, and the R-element at 120° 

in an array of total radiation angle coverage of 60°.  
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Fig. 17.  (a): Photograph of the setup. Measured and simulated radiation 

patterns at 59 GHz (b), 60 GHz (c), and 62 GHz (d), for the 3-element array 

loaded with a grooved spherical lens. 

 

Fig. 17 (b), (c), and (d) show the measured and simulated E-

plane patterns for when the proposed grooved spherical lens is 

loaded to the 3-element array at frequencies of 59, 60, and 62 

GHz. The array is beamformed in the radiation patterns, where 

the beamwidth of the E-plane is wider than the H-plane, and 

there is coverage of a wider angle area and an increase in 

antenna gain, while keeping the sidelobe level low. Therefore, 

this proposed antenna profile delivers a high performance in 

beam switching with wide angle coverage, has a low profile, 

and has a low mutual coupling design. 

VI.  CONCLUSION  

 A wide-scan MSC-AFTSA array-fed GS-lens antenna 

operated at 57-64 GHz has been presented for potential 

millimeter-wave MIMO applications. The grooved lens profile 

has been proven to obtain the optimized focal point feed for TSA 

antennas. This work has introduced a compact 3-element 

antenna array which feeds a small spherical lens as a low profile 

and low cost approach. The measured result for return loss (< -

10 dB) covers a band of 50 - 70 GHz, and the array design has 

very low coupling between the antenna ports. The GS-lens 
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antenna reduces the side lobe level, and has < -20dB in both E– 

and H–plane, with a measured gain of 20dB at 60 GHz. The 3-

element MSC-AFTSA fed GS-lens prototype is a good 

candidate for MMW MIMO communication systems and for 

imaging detection applications. 
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