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Ku-band antenna array based on Fabry−Perot cavity
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The work is devoted to the development and study of the antenna array based on Fabry−Perot cavity in the

radio band. The antenna array element in the form of a Fabry−Perot cavity with circular polarization is proposed,

the semitransparent mirror of the cavity is realized in the form of a two-layer frequency-selective surface (FFS). A
power divider based on thin waveguides to feed the antenna array with size 2× 8 was developed. A model of the

antenna array was manufactured. The power divider is made by laser cutting of sheet aluminum, semitransparent

resonator layer is made by photolithography. The total efficiency of the antenna array was about 50% in the 5%

frequency band with a VSWR of no more than 1.5.
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Rapid progress in satellite communications and commis-

sioning of new satellite constellations in the last few years

specify additional requirements to ground satellite commu-

nication terminals. New satellite constellations
”
Express-

RV“ and
”
Skif“ are not geostationary and require constant

satellite tracking even from stationary terminals. Satellite

terminals based on parabolic mirrors with mechanical

scanning often fail to satisfy the requirements as to the

antenna system profile and have a limited beam motion rate.

Although antennas based on foreign specialized mi-

crochips (Beamformer) provide fine performance and have

a relatively small profile, the current high cost of compo-

nents makes these devices too expensive for an average

consumer.

The present study is focused on the design of a low-profile

antenna system with a low fabrication cost for satellite

communication terminals with mechanical scanning.

A Fabry−Pérot cavity is the most basic type of an optical

cavity made up of two co-axial parallel mirrors facing each

other. A resonance standing optical wave may form between

them. In laser technology, one mirror is often made semi-

transparent for radiation to be output in the corresponding

direction. Fabry−Pérot cavities operating in the radio-

frequency range have been studied extensively in the last

decade. While having a relatively simple design, a radiator

based on a Fabry−Pérot cavity provides a high efficiency.

The gain of individual cavities is as high as 17−20 dBi

at an efficiency of 60−80% [1–4]. Although the gain

increases with cavity size, the radiator efficiency decreases

due primarily to a reduction in the efficiency of operation of

the peripheral part of a larger cavity. The key drawback of a

Fabry−Pérot cavity is its narrow bandwidth (the resonance

condition is established at one frequency only). If a special

frequency-selective surface (FSS) with a positive reflection

phase gradient [4,5] is used as a semitransparent mirror, the

resonance condition may be satisfied within a fairly wide

frequency range that is sufficient for certain communication

systems. Cavities with a bandwidth of 30% and more have

been demonstrated [6,7], but their efficiency is at the level

of 20−40%. No reports on cavities with a bandwidth in

excess of 10% and an efficiency greater than 50% have

been published. In the present study, the existing design of

a Fabry−Pérot cavity operating with linear polarization [4]
and having an efficiency of approximately 60% within the

frequency band from 12 to 12.7 GHz was taken as a basis.

This element features low phase and amplitude aperture

distortion. It was proposed to use a short-circuit planar

rectangular waveguide with two L-shaped slots in the broad

face (Fig. 1, a) to feed the pre-designed cavity with circular

polarization. This feed arrangement provided an ellipticity

in excess of 0.8 and a voltage standing-wave ratio no

greater than 1.5 within the operating frequency band. The

semitransparent mirror was a two-layer FSS with a positive

reflection phase gradient.

A 2× 8 antenna array was constructed based on this

radiator (Fig. 1, b). The array pitch was approximately 3.8λ,

since this radiator size turned out to be the optimum one

in terms of efficiency. A power divider based on thin

waveguides was constructed to feed the cavities in the

array. This divider was engineered with a view to minimize

losses, dimensions, and the fabrication cost. The designed

feed circuit contains five planar aluminum layers with their

topology defined by laser cutting. Radiators are positioned

in the first layer (Fig. 2, a); the second layer features two

stages of binary power dividers; the third layer contains

transition slots from the fourth layer to the second one; two

stages of binary power dividers are located in the fourth

layer; the input port is positioned in the fifth layer. A

transformer matching the antenna input to a standard WR75

waveguide was constructed from seven planar aluminum
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Figure 1. a — Structure of the Fabry−Pérot cavity; b — model of the antenna array based on Fabry−Pérot cavities.
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Figure 2. a — layers of the power divider of the antenna array; b — prototype models of antenna arrays based on Fabry−Pérot cavities.

plates of a varying thickness prepared by laser cutting. The

power divider layers were held together by M3 screws. The

overall thickness of the power divider and the entire antenna

array was 9 and 38mm, respectively. A two-layer FSS with

its topology implemented by photolithography on Kappa

438 (a material similar to FR4, but with reduced losses,

tg δ = 0.005) was located at a certain distance from the

power divider. FSS layers were secured to spacers fabricated

from an aluminum tube with an outer diameter of 6mm;

the error of spacer fabrication did not exceed ±25µm. Two

prototype models of the antenna (Fig. 2, b) were produced

simultaneously for their potential application in a venetian-

blind antenna array [8] or in a single extended antenna array;

a binary power divider was also fabricated for the purpose

using the same techniques.

Measurements were performed by scanning the near

antenna field with a planar scanner [9]. The nominal

FSS height dimensions were corrected by no more than

0.2mm to obtain characteristics close to the calculated

ones. The need to correct the size of prototype models

likely stems from the errors of fabrication of FSS circuit

boards. In complete agreement with the results of calcula-

tions, the measured voltage standing-wave ratio within the

11.8−12.5 GHz band did not exceed 1.5.

The measured and calculated directivity patterns at a

frequency of 12.5 GHz are shown in Fig. 3, a. A fairly

high level of grating lobes in the ±15◦ direction is evident.

This is attributable to a large array pitch and a non-uniform

resulting amplitude aperture distribution. The grating lobes

may be suppressed by equalizing the amplitude distribution,

which may be done by reducing the size of cavities.

However, the array efficiency will be reduced in this case

due to the interaction of adjacent cavities. In addition, a

greater number of radiators will be required to maintain

Technical Physics Letters, 2023, Vol. 49, No. 7



Ku-band antenna array based on Fabry−Perot cavity 3

q, deg

–30

0

–15 3015–45 450
–40

–30

–20

–10

1 – Measured
2 – Calculated

F
(q

),
 d

B

F, GHz

25

33

12.0 12.511.5 13.0
21

27

31

1 – Gain meas.
2 – Gain calc

G
, 
D

, 
d
B

23

29

0.4

0

0.6

1.0

0.2

0.8

A
R

3 – Directivity calc.

4 – Axial ratio meas.
5 – Axial ratio calc.

1

2

1

2

3

4

5

a b

.

Figure 3. a — Measured and calculated directivity patterns of the antenna array in the horizontal plane; b — frequency dependences of

the gain and the ellipticity.

the needed gain, and this will make the feed circuit more

complex and increase the losses in it. The side radiation

level in the vertical plane did not exceed −11 dB, and

the width of the directivity pattern was approximately 7◦.

That said, the aperture efficiency of the antenna array

was more than 60% within a bandwidth of about 5%.

Figure 3, b shows the measured and calculated frequency

dependences of the gain and the ellipticity. The overall

losses in the power divider and the cavity, which were

estimated by the difference between the antenna directivity

and the gain (Fig. 3, b), were at the level of 1.1 dB. The

resulting efficiency was approximately 50% within a 5%

bandwidth. The measured ellipticity in the direction of the

directivity pattern maximum turned out to be slightly higher

than the calculated one and did not drop below 0.8 within

the operating frequency band.

Thus, an antenna array designed in the present study has

a small mass and thickness and may be constructed using

domestically produced materials and equipment.

It was used successfully to receive the Ekspress-AT1

satellite signal in the Krasnoyarsk city area. A satellite

converter was connected directly to the waveguide antenna

output. In terms of the received signal level, the designed

antenna corresponds to an offset mirror antenna 350mm in

diameter, which was used for comparison in field tests.
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