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Doppler backward scattering (DBS) reflectometer has become a powerful technique to
study the plasma turbulence and transport through measurement of the perpendicular
velocity of density fluctuations, their intensity, and the radial electric field in magnetically
confined plasmas [1-2]. Two 8-channel (Q/V bands) DBS systems with the channel
frequencies of (34, 36, 38, 40, 42, 44, 46, and 48) GHz and (52.5, 55, 57.5, 60, 62.5, 65,
67.5, and 70) GHz have been developed on the HL-2A tokamak [3]. They will be delivered
to MAST-U to joint study the turbulence and plasma rotation in high confinement plasmas
under the SWIP-CCFE collaboration before the end of 2019 [3-4]. This work describes
characteristics of a novel quasi-optical system for the MAST-U DBS system. A focal lens
and a rotatable polarizer are used to focus and rotate the polarization angle of the incident
microwave from the Q-band and V-band systems. Due to the possible sensitivity of
measurement interpretation to aspects of the components in quasi-optical system, detailed
measurements to characterize them are presented.
A small microwave beam in plasma is of crucial for the DBS measurement to get enough
wavenumber sensitivity [5]. A novel quasi-optical system with a focal lens and a rotatable
polarizer has been designed to focus and adjust the launching microwave beam. Figure 1
shows schematic diagram of the quasi-optical system. It was designed to implement the
Q/V-band DBS systems due to the space limitation and port access constraints. The scalar
horns (launcher and receiver) of each system are installed in the orthogonal positions. After
the horns, the beams are combined via a rotatable polarizer, which can be adjusted to match
the magnetic field pitch angle, so each system ideally operates in one linear polarization
within the plasma. Due to 45 degree tilt arrangement, the linear polarized wave will be split
and travel both ways: pass through and be reflected by the polarier, i.e. the polarizer grid is
also acting as a 3 dB polarization coupler to combine/power-divide the launch and receive
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beams. Then a lens is used to optimize the beam size. The distance between horn and lens
is slightly longer than the lens focal length. Their locations are calibrated by laboratory
tests. After that, the combined beams are reflected by two mirrors. The beamline can be
remotely steerable in two dimensions for scattering alignment in plasma [6]. Short
fundamental waveguides are used to connect the horn launcher and receiver to the
microwave hardware.

Fig.1. Schematic diagram of the DBS quasi-optical system

Fig. 2. (a) optimization of the lens position, (b) beam radius profiles at 40GHz and 60GHz in
plasma. The dashed lines are fits to expected beam size variation for a Gaussian beam. The window
location, and approximate plasma location are annotated.

To simplify the beam profile calibration, laboratory measurements of the beam profiles
without polarizer have been carried out. Figure 2 shows the beam profiles without polarizer
at two frequencies with the scalar horns used for MAST-U. The window location, and
approximate plasma location are annotated. The lens is made of Teflon with the diameter of
23.8 cm. Its focal length is about 35 cm. The distance between the horn and the lens is
optimal to 38 cm. Data for each frequency and each location are fitted to the expression for
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the expected radius of a Gaussian beam. The dashed lines are fitted to expected beam size
variation for a Gaussian beam. At the plasma edge, the beam size at low frequencies of the
Q-band system are expected to be larger than 9 cm, while it is about 5 cm at high
frequencies of the V-band system. The wide beam size in Q-band system may degrade the
intended k⊥ selectivity ( Δk⊥≥3 cm-1) [5] and limit the beam steering range in plasma. A
large window clear aperture (> f200 mm) is necessary to overcome the limitation.

Fig.3. The electric field distributions when the beam pass through the polarizer with the grid line
angles of 0, 22.5, 45, 67.5, and 90 degree.

Simulations of the electric field of the beam pass through the polarizer have been carried
out. The electric field is perpendicular to the polarizer. To save computer time, the
polarizer size is defined as 30×30 mm in the simulation model. As shown in Fig.3, the
electric field is significantly changed as the polarizer angle increase. When the electric field
is parallel to the grid line on the polarizer, the power isolation of the polarizer is > 20 dB,
while the electric field is perpendicular to the grid line on the polarizer, the power
transmission efficiency is > 90%, which corresponds to the direct power loss of ~0.5 dB by
the polarizer.
The polarizer is made by a microwave printed circuit board with a 0.2mm thick Teflon
substrate. The lithography technique is adopted to fabricate the grid lines on the adhesive
copper. The copper lines on the substrate are 0.1 mm thick, 0.1mm width with 0.1 mm
gaps. Figure 4 shows the laboratory measurements of the beam profiles as a function of
grid copper line angle.
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Fig.4. Sensitivity of the polarized power on the wire angle for a 45 degree tilt installed polarizer.
(a) Q-band (36, 46GHz), (b) V-band (56, 70GHz)

As shown in Fig.1, the polarizer is 45 degree tilt installed relative to the launchers and
receivers. Both the transmission and reflection of the microwave beams are shown. The
polarized power is sensitive to the grid angle on the polarizer, which can be remotely
steerable during discharge. In the case of microwave beam pass through the polarizer, the
power profiles are similar to a cosine/sine function of grid line angle. In the case of
microwave beam reflected by the polarizer, the power profile is quasi-linear increasing as
the angle increase. This suggests that the polarization efficiency of transmission is much
higher than that of reflection.

Fig.5. Frequency response of the polarizer. (a)polarization efficiency, (b) insert loss

To quantify the efficiency of the polarizer, the power difference between 0 and 90 degree
polarization is defined. Figure 5 shows characteristics of the polarizer as a function of
microwave frequency. In the case of the beam transmission, the power difference is larger
than 30 dB from 30 to 70 GHz. In the case of reflection, the power difference is about 10 20 dB. The different response between transmission and reflection might be caused by the
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direct reflection from the polarizer substrate. The reflected wave can contaminate the
polarized wave. The insert loss of the polarizer has also been tested. It is less than 0.5 dB
when insert the polarizer into quasi-optical system, which agree well with simulation.
Although the polarization of reflection under-perform that of transmission, there are several
ways to optimize the polarization of the probing beam: (1) orthogonally arrangement of the
launcher and receiver, so that the entirely polarization for one system is in an acceptable
range, (2) design a new polarizer with a thinner substrate, (3) install the polarizer vertically,
and select small launchers and receivers which can be installed at the same position on the
axis line.
In summary, a novel quasi-optical system for the DBS reflectometers has been designed
and laboratory calibrated for MAST-U. It consists of a focal lens and a rotatable polarizer.
Characteristics of the rotatable polarizer and the beam profiles are presented. The tests and
calibrations illustrate the measurement capabilities of the DBS systems on MAST-U. This
work is supported by the National Magnetic Confinement Fusion Science Program of
China (Grant Nos. 2017YFE0301203, 2017YFE0300500), and Sichuan Science and
Technology Program (Grant No. 2018RZ0123).
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