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Abstract: In this paper, we have proposed a novel structure of Ka-band
based phased array antenna with calibration function. In the design of Ka-
band antenna, the active phased array system is adopted and the antenna
would work in the dual polarization separation mode. We have given out
the schematic diagram for the proposed Ka-band antenna, where the Ka-
band antenna is in the form of waveguide slot array antenna, with 96 units
in azimuth and 1 unit in distance. Each group of units is driven by a single-
channel Transmitter/Receiver (T/R) component, and the whole array contains
192 T/R components in total. The size of the T/R component is 55 mm (length)
x S0mm (width) x 5.8 mm (height), 3 Sub-micro Sub-Miniature Push-on
(SSMP) blind sockets and a 21-core low-frequency socket are designed on the
two sides of the T/R component. In order to meet the technical specifications
of phased array antenna, the Ka-band transceiver component is designed
based on Low Temperatrue Co-fired Ceramic (LTCC) technology to achieve
miniaturization and lightweight. In our approach, the feed network includes
two parts: transceiver network and calibration network. The transceiver net-
work consists of 24 1:8 time-delay power dividers, 12 two-way power dividers
and 2 six-way time-delay power dividers. The power supply required by the Ka-
band antenna unit is provided to each active component by the power module
after Ka band wavelet control distribution. Simulation and measurement
results are given in the form of standing wave and scanning capability.
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1 Introduction

At present, the phase array technology is widely used, such as satellite communication [1],
radar detection [2], and environmental and resource technology [3]. Phased array technology has
the following advantages: flexible beam, multiple independent beams can be formed simultaneously,
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high target capacity, good adaptability to complex target environments, and good anti-jamming
performance. As the core component of phased array radar, the research on phased array antenna
is very necessary [4—0].

In the development and use of phased array systems, calibration is the most important aspect.
The currently available calibration methods, such as the direct method [7], may no longer be sufficient
for a wide range of application environments. When dealing with broadband phased arrays with a
large number of components, field calibration techniques may not be appropriate due to the size and
number of radio frequency sampling devices. In addition, the analytical calibration may be erroneous
due to the specification requirements of the relevant application environment.

There are many research works for the calibration of phased array antennas. Shi et al. [8] designed
low attenuation, low voltage standing wave ratio and transmission double-line for the calibration of
x-band active phased array antennas. The transmission double-line is used to monitor and correct the
element phase error of an active phased-array antenna. Li et al. [9] proposed a broadband high-gain
uniform circular array with calibration unit for smart antennas, and designed and fabricated an array
antenna consisting of 15 array units and a calibration unit. Zhang et al. [10] proposed an improved
phased array calibration method based on the complex array signal measured by a single probe. Hong
et al. [11] proposed a method for inbuilt testing and calibration of phased arrays in free space using
coded modulation embedded tests.

In this paper, a Ka-band phased array antenna structure with calibration function is designed
for Ka-band. For Ka-band, we design the antenna operating mode of dual-polarization separation
mode by using an active phased array system, and give the antenna schematic diagram for the relevant
Ka-band. The main contributions are given as follows,

e Each group of units is driven by a single-channel T/R component, and the whole array contains
192 T/R components in total. The size of the T/R component is 55 mm (length) x 50 mm (width)
x 5.8 mm (height), 3 SSMP blind sockets and a 21-core low-frequency socket are designed on
the two sides of the T/R component.

e In order to meet the technical specifications of phased array antenna, the Ka-band transceiver
component is designed based on LTCC technology to achieve miniaturization and lightweight.

e In our approach, the feed network includes two parts: transceiver network and calibration
network. The transceiver network consists of 24 1:8 time-delay power dividers, 12 two-way
power dividers and 2 six-way time-delay power dividers. The power supply required by the Ka-
band antenna unit is provided to each active component by the power module after Ka band
wavelet control distribution.

The whole paper is organized as follows. The system overview is introduced and discussed in
Section 2. The designed module for the Ka-band phased array antenna is given in Section 3. It is
simulated and measured in Section 4. We conclude the whole paper in Section 5.

2 System Overview

The Ka-band antenna adopts the solid-state one-dimensional scanning active phased array system
and works in dual polarization separation mode [12,13]. It can complete the power amplification of
the transmitted signal and radiate electromagnetic energy to the specified airspace, while achieving
low-noise amplification and reception of the echo signal. The antenna has the ability of one-
dimensional beam scanning with large bandwidth. With calibration function, each T/R component
can be calibrated.
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2.1 Schematic Diagram

The Ka-band antenna consists of 96 H-polarized radiation arrays, 96 V-polarized radiation arrays,
192 single-polarized T/R components, 24 eight-way time-delay power dividers, 12 two-way power
dividers, 2 six-way time-delay power dividers, 12 sixteen-way power dividers, 2 six-way power dividers, 1
two-way power divider and 12 Ka-band segment wavelet controllers. Among them, 16 radiation arrays,
16 T/R components, 2 eight-way time-delay power dividers, 1 two-way power divider, 1 sixteen-way
power divider and 1 Ka-band segment wavelet controller form a Ka-band antenna sub-module, and
the antenna has 12 sub-modules in total. The Ka-band antenna schematic diagram is shown in Fig. 1.
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Figure 1: Principle-block diagram of Ka-band phased array antenna element

2.2 Antenna Array

Ka-band antenna is in the form of waveguide slot array antenna, with 96 units in azimuth and
1 unit in distance. Each group of units is driven by a single-channel T/R component, and the whole
array contains 192 T/R components in total.

Fig. 2 shows the structure of antenna transceiver array. The electrical size of the array layer is
576 mm (azimuth) x 27 mm (distance) x 2 (horizontal polarization and vertical polarization), in which
there are 1 unit in the distance direction and 96 units in the azimuthal direction. The antenna array
adopts the arrangement scheme of rectangular grid. In order to realize the scanning requirements of
the antenna, the azimuth distance of the units is determined to be 6 mm.
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The antenna radiation unit is designed in the form of waveguide slot antenna. The azimuth length
of the single horizontal polarization waveguide is 6 mm, and the distance length is 27 mm. The wide
edge of the waveguide is slit, and each waveguide has 4 slits to radiate electromagnetic waves. The
azimuth length of the single vertical polarization waveguide is 6 mm, and the distance length is 27 mm.
The narrow edge of the waveguide is slit, and each waveguide has 4 slits to radiate electromagnetic
waves. In the azimuthal array, the rectangular grid arrangement is adopted, and the choke groove is
added to increase the isolation degree. The array unit spacing is 6 mm.

2.3 Antenna Directivity Coefficient

The effective aperture size of Ka-band antenna is 576 mm (azimuth) x 27 mm (distance), and its
directional coefficient is 34.4 dB under uniform distribution, as given in Table 1. The difference of
in-band directivity coefficient between high and low frequencies was 1 dB.

Table 1: Theoretical value of directivity coefficient in-band flatness

Frequency/GHz 33 35 37 Flatness

Directivity coefficient of the 33.7 34.2 34.7 1
whole array/dB

3 Module Design
3.1 TIR Components

The Ka-band T/R component is an important part of the active phased array radar antenna
[14-16]. Each T/R channel includes receiving channel, transmitting channel and public channel. It
includes coupler limiter, low noise amplifier, power amplifier, multi-functional chip, series-parallel
conversion chip, etc., with the functions of amplifying, phase-shifting and attenuation of the received
and transmitted signals, and power management function to achieve low power consumption and high
efficiency.

The main functions are as follows: high power amplification of the transmitted signal during
the transmitting period, low noise amplification of the received signal during the receiving period,
and transmitter-receiving conversion under the control of T/R signal. The transmitting phase shift,
receiving phase shift and receiving gain can be programmed and controlled by the beam control
module. The antenna port of each T/R component is set with a calibration directional coupler, and
the calibration signal is coupled to output during transmission, and the calibration signal is coupled
to input into the receiving channel of T/R component during reception. Each T/R component has a
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load mode, neither transmitting nor receiving, and both receiving and transmitting are in isolation.
The radio frequency (RF) network interface is connected to the matching load. The load mode is
controlled by the beam control module. Transmitting and receiving share digital phase shifter, the
transceiver control code is separated, and the switching control is completed under the control of T/R
signal. The power modulator completes the pulse modulation of the transceiver channel power supply
under the control of T/R signal.

The size of the T/R component is 55 mm (length) x 50 mm (width) x 5.8 mm (height), 3 SSMP
blind sockets and a 21-core low-frequency socket are designed on the two sides of the T/R component,
such layout has the following advantages: it is convenient for the miniaturization and high integration
of the components and the array; and it is beneficial to the implementation of thermal control scheme.

~

The internal structure design is shown in Fig. 3.
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Figure 3: Schematic diagram of transceiver components

In addition to the shell and cover plate, the main internal structure of the module is the power
management control PCB and microwave PCB, which are assembled by welding with the shell, as
given in Fig. 4.

In order to meet the technical specifications of phased array antenna, the Ka-band transceiver
component is designed based on LTCC technology to achieve miniaturization and lightweight. From
the functional structure, it is divided into microwave signal circuit layer and power management
and control circuit layer. Using LTCC technology, two circuit boards on functional structure can be
integrated into one LTCC substrate on physical structure.

3.2 Feed Network
Feed network includes two parts: transceiver network and calibration network.

The transceiver network consists of 24 1:8 time-delay power dividers, 12 two-way power dividers
and 2 six-way time-delay power dividers. The design delay of T/R componentis 1 A, which cannot meet
the delay requirements of antenna beam scanning, 7.5 A delay should be added to the 1:8 time-delay
power dividers with a step of 0.5/1/2/4 A, and 2 A delay should be added to the 1:6 time-delay power
dividers with a step of 2/4/8/8 1. Due to the large delay chip insert loss, a transceiver bidirectional
amplifier circuit should be added, as shown in Figs. 5-7.
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Figure 7: Block diagram of transceiver network

The calibration network only needs to combine the calibration signals of 192 T/R modules and
transmit them to the calibration port of microwave combination. Therefore, the calibration network
consists of 12 sixteen-way power dividers, 2 six-way power dividers and 1 two-way power divider, as
shown in Fig. 8.
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Figure 8: Calibration network

3.3 Power Supply and Beam Control

The power supply required by the Ka-band antenna unit is provided to each active component
by the power module after Ka band wavelet control distribution. The control signals required by the
antenna are received by the wavelet controller and distributed to each active component. Then the
wavelet controller sends all telemetry signals back to the total wave-control module.

The beam-control part performs the following functions: receiving the wave control code from the
wave control module, sorting, and distributing it to 192 T/R components and 24 eight-way time-delay
power dividers and other controlled units; receiving all monitoring signals from each active unit and
pack them to the wave control module. Low voltage differential signaling (LVDS) interface is used to
exchange data between the wavelet control module and the wave control module. Beam control block
Fig. 9 is shown below.
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Figure 9: Ka-band phased array antenna unit beam control block diagram

4 Simulation and Measurement Results

The simulation structure diagram of the antenna and the simulation results of the unit standing
wave in the antenna array are shown in Figs. 10 and 11. It can be seen that within the entire bandwidth
range of 4000 MHz, the reflection coefficient of the port is below 1.8, which meets the requirement of
the indicator parameters. Simulation and physical figure of horizontal polarization radiation unit are
shown in Fig. 10a, and standing wave simulation and test results of radiation unit given by Voltage
Standing Wave Ratio (VSWR) are shown in Fig. 10b. Simulation and physical figure of vertically
polarized radiation unit are shown in Fig. 11a, and standing-wave simulation and test results of
radiation unit are shown in Fig. 11b. The radiation unit adopts SSMP connector to feed, and the
physical standing wave is tested by vector network analyzer 3672 C. Considering that the SSMP-
SMA (Sub-Miniature-A) converter is used when testing standing wave, the gap between the simulation
results of standing wave and the test results is within the acceptable range.

(a) Simulation and artifactitious structure diagram of horizontal polarized antenna

Figure 10: (Continued)
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(b) Simulation and measurement VSWR results of horizontal polarized antenna

Figure 10: Horizontal polarized Ka-band phased array antenna unit
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(b) Simulation and measurement VSWR results of vertical polarized antenna

Figure 11: Vertically polarized Ka-band phased array antenna unit

The antenna array adopts 96-element array, and the modeling model and physical object are
shown in Fig. 12a below for scanning capability verification. The planar near-field testing system is
used to test The antenna direction graph. The antenna scanning capability is given in Fig. 12. As can
be seen from the figure, the simulation results are consistent with the measured results at the three key
scanning angles 0°, 11° and —11° of horizontal polarization and vertical polarization arrays.
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Figure 12: Measured results of Ka-band azimuthal scanning capability

5 Conclusion

In this paper, a Ka-band phased array antenna structure with calibration function is designed for
Ka-band. For Ka-band, we design the antenna operating mode of dual-polarization separation mode
by using an active phased array system, and give the antenna schematic diagram for the relevant ka-
band. It can be seen that within the entire bandwidth range of 4000 MHz, the reflection coefficient of
the port is below 1.8, which meets the requirement of the indicator parameters. In additional, as can
be seen from the results figures, the simulation results are consistent with the measured results at the
three key scanning angles 0°, 11° and —11° of horizontal polarization and vertical polarization arrays.
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