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A 60GHz lens antenna for high-speed short-range communications
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The paper presents the results of experimental studies of a 60GHz lens antenna, which were aimed at improving

the antenna characteristics based on the photon jet effect. It is shown that placing a dielectric cube at the waveguide

open end according to the
”
plug-and-play“ principle leads to an increase in the antenna gain up to 5 dBi without

changing the design of the lens antenna itself. When the antenna operates in the
”
receive“ mode, the gain increase

is approximately 7 dB at the frequency of about 67GHz.
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Antennas are among the fundamental components of

the millimeter-wave (MMW) and terahertz (THz) imaging,

detection and high-speed communication systems. The

60GHz frequency band is provided free of charge and

is used in industrial, scientific and medical applications.

However, resonant absorption by oxygen molecules in air

causes an increase in the attenuation losses at 60GHz

to above 13 dB/km [1–3]. This attenuation can restrict

the range of wireless communications; however, such high

losses may be compensated for by using high-gain antennas.

MMW 5G
”
point−point“ antennas are to be of low

profile, low cost and high gain since they may be mainly

deployed for small cells in urban environment. Range V

(57−66GHz) is one of the candidates for the 5G small

cell communications. For instance, MMW systems at the

unlicensed 60GHz frequency have already been standard-

ized for short-range high-speed communication channels for

wireless personal area networks (WPAN) (802.15.3c), wire-

less streaming of high-definition video (WirelessHD), WiGig

networks and
”
point−point“communication systems [4,5],

as well as for antenna systems for ground terminals of

advanced satellite communication systems.

Lens antennas are more attractive for various MMW

applications due to the good compromise between the

directivity and insertion loss level. To improve the antennaś

gain and directivity, lenses of various types are used to

focus electromagnetic waves [6–9]. In [10], the MMW

and THz lens antennas fabricated by 3D printing were

investigated; as the antireflective layer, variable-height square

dielectric pillars were used. Under this concept it is possible

to improve the lens’s directivity by introducing a periodic

antireflective structure at the air−lens interface. Such lens

antennas possess high gains and wide bandwidths with low

profiles.

Lens antennas are known to consist of two main com-

ponents: the lens itself, which focuses the incident energy

at the specified point, and radiation receiver; the receiving

part design may be absolutely different, changing from

the horn antenna to microstrip antenna and open-ended

waveguide [11]. However, the existence of fundamental

diffraction limitations prevents the lens antenna from focus-

ing the incident radiation into a spot smaller in size than

the diffraction limit; the transverse size of this focusing spot

is typically larger than the size of the waveguide open end.

This means that a portion of energy focused by the lens gets

lost.

The above-mentioned limitations prompted us to propose

an alternative approach to constructing an MMW/THz

antenna; this approach is characterized by a high degree of

integration into already existing antennas according to the

”
plug-and-play“principle.

One of the methods for reducing the focal spot size

down to the MMW/THz subwavelength range is to use

the so-called effect of photonic jet [12,13] generated by an

arbitrary-shaped 3D mesoscale dielectric particle [13]. Note
that the first experimental confirmation of the photonic jet

effect was obtained in the microwave range (see [13] and

references therein). Remind that the photonic jet formation

(field localization and amplification in the dielectric particle

shadow part) is observed under the condition that the par-

ticle characteristic size is no less than the incident radiation

wavelength [12,13]. The photonic jet effect in the near-field

mode for the subwavelength THz imaging was for the first

time investigated in [14]. In [15], far-field investigation of

the cubic mesoscale structure at both 300GHz and 24GHz

showed that the far-field gain of such an antenna (14.22 dBi)
is 1.9 dB higher than that of a horn antenna of the same size.

The radiation pattern widths (FWHMs) were approximately

21 and 34% lower than those for the horn antenna in the

E and H planes, respectively. We have also demonstrated

wireless data transmission at the 17.5 Gbit/s speed in the

300GHz band by using a 1.2× 1.2× 1.36mm dielectric

cubic antenna. At this frequency, the maximum antenna

gain was approximately 15 dBi [16].
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At the same time, to our knowledge, so far there has been

proposed no solution or study demonstrating utilization of

the photonic jet effect in a millimeter-wave dielectric lens

antenna, which would allow increasing the antenna gain

without modifying the lens itself.

The goal of this study was to demonstrate a method for

increasing the lens antenna gain by localizing the field at

the input of the receiving waveguide open end with the aid

of a mesoscale dielectric particle forming a photonic jet.

Using as an example a 3D-printed 60GHz lens antenna

with the feeder in the form of an open-ended circular

waveguide [10], we have demonstrated here that placing

a cubic mesoscale dielectric particle at the waveguide open-

end output increases the gain by approximately 6 dBi.

The experimental 60GHz MMW lens antenna was based

on a diffraction lens described in detail in [10], in which

open-ended waveguide WR-15 was used as a lens feed.

At the frequency of about 60GHz, the used dielectric

had relative permittivity of εr = 2.9 and loss tangent of

tan δ = 0.01. As the lens unit cells for phase compensation,

variable-height square dielectric columns were used. To

minimize reflection from the lens, an antireflection layer

was created in the form of an artificial dielectric consisting

of rectangular columns whose geometric dimensions were

selected as per recommendations of [17]. The column

dielectric permittivity and thickness were εAR ≈ 1.7 and

t ≈ 0.95mm, respectively. The lens developed had a

square aperture with 19× 19 rectangular dielectric columns

providing the necessary phase compensation (Fig. 1). The

focal length to lens diameter ratio (F/D) was 0.42. The

lens was fabricated by using a 3D printer with the base

resolution of 42× 42 × 28µm along the x , y and z axes,

respectively. To minimize the sidelobe level, optimization

of the diffractive lens Soret−Minin−Webb reference phase

was used [8,9,18]. A more detailed description of the lens

is given in [10].

Figure 1. A 60GHz antenna fabricated by 3D printing.

The radiation pattern and gain of the proposed antenna

were measured using planar-scanning near-field system

NSI2000 [19] in an anechoic chamber. The measured gain

of the original antenna shown in Fig. 1 ranges from 19.4

to 23.5 dBi; therewith, the sidelobe levels are below −18

and −14 dB in the H and E planes, respectively. When

the mesoscale dielectric particle (fluoroplastic, cube edge

of 5mm) is installed at the circular waveguide open end

(Fig. 2), the antenna gain increases significantly (Fig. 3, a).
Thus, the measured gain of the antenna with the cubic

particle at the waveguide open end ranges from 19.4

to 23.5 dBi, the sidelobe levels being below −18 and

−14 dB in the H and E planes, respectively.

The figure clearly shows that the effect of the gain

increase is observed at a frequency exceeding 60GHz. The

source of such a behavior of the gain is the size of the

dielectric cubic particle: at this frequency the cube edge is

equal to one wavelength, while at higher frequencies the

cube effective dimensions are greater than the wavelength

(Fig. 3). In this case, the benefit from the gain of antenna

with a simple dielectric particle at the waveguide open end

is up to 4 dB. As the measurements have shown, placing

a dielectric cube on the waveguide open end leads to

narrowing of the radiation pattern of the antennaś main

scattering lobe by approximately 1.4 times.

Finally, Fig. 3, b presents a frequency characteristic of

increasing antenna sensitivity in case a cubic particle is

used as an additional receiving element to be installed at

the waveguide open end. The frequency characteristic is

normalized to that of the open waveguide. As the feed

antenna, a conical horn connected to a waveguide was

used. The measured feed wavefront parameters have shown

that the wave incident on the lens may be considered as

plane. Higher sensitivities were achieved in the higher-

frequency part of the range under consideration, while

the gain increase by approximately 7.3 dB was observed

at the frequency of about 67GHz. These characteristics

are approximately the same as in the case of placing

mesoscale particles of various shapes (sphere, cube) directly
on the THz receiver [20]. It is worth noting that, when

a cube is used, the signal gain does not exhibit resonant

characteristics, which indicates its broadband nature. The

latter is very important for wireless MMW and THz

communication applications.

The concept of modifying the lens antenna design, which

was briefly discussed above, is applicable to other types of

antennas; this gives a
”
new life“ and opens up new possibil-

ities for the existing and future MMW and THz antennas.

The main factor restricting the increase in the mesoscale

particle operating frequency for various-type antennas is

the loss in the dielectric material. Nevertheless, such a

solution has certain advantages at least up to frequencies of

about 300GHz; among those advantages there are a wide

bandwidth, high directivity, and small pattern FWHM with

small physical footprint. The demonstrated here
”
plug-and-

play“approach to the lens antenna modification may be an
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Figure 2. a — original antenna with an open-ended circular waveguide; b — circular waveguide with a mesoscale cubic particle.
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Figure 3. a — modified gain of antennas with circular open-

ended waveguide (1) and waveguide with a cubic particle (2). 3 —
gain of a conventional horn antenna. b — increase in sensitivity

of the receiving antenna with the cube at the receiving waveguide

open end.

important step towards practical application of MMW/THz

communication, radar and imaging systems.
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