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Abstract

The Chinese Spectral Radioheliograph is an aperture-synthesis telescope observing the Sun in ultra wide bandwidth on
the ground. It contains two arrays Chinese Spectral Radioheliograph-I and Chinese Spectral Radioheliograph-II from 0.4
to 15 GHz. In order to obtain ultra wide-band performance, the cascaded folded dipoles are used in this feed. At the same
time, in order to get circularly polarised signals coming from the Sun, a wide-band 90◦ hybrid is added in the output
ports of the feed. This feed has characteristics of about 10 dBi gain, less than 1.5 voltage standing wave ratio. It also
has characteristics with low axial ratio, fixed phase centre location, and constant beam width in operating frequencies.
Through cross-correlating all combinations of two orthogonal polarisations at each antenna, the polarisation state of the
waves is measured and give a differential instrumental delay between two data channels. The relationship between the
own polarisation degree of the Sun and the observed polarisation degree is also measured for cross-polarised delay in
observing the Sun in this paper.
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1 INTRODUCTION

Recently, many radio interferometers (Taylor, Carilli, & Per-
ley 1999) observing the celestial sources are developed or
updated in the world. For example, Nobeyama Radio He-
liograph at 17 and 34 GHz (Nakajima, Nishio, & Enome
1994), Nancay Radio Heliograph at 150, 164, 237, 327,
and 410 MHz, and Siberian Solar Radio Telescope at 5.7
GHz (Lesovoi et al. 2014) are being used throughout the
world. These Radio heliographs cover a few discrete fre-
quency points. There are also some other planned radio he-
liographs like Brazilian Decimetric array with 15 antennas,
the updated Multifrequency Siberian Radioheliograph with
10 antenna prototype, and the Frequency Agile Solar Ra-
diotelescope which has a subsystem Testbed with three an-
tennas under observation. These instruments are providing
powerful tools to probe the polarised structures from the ob-
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served sources. Now, in China, a heliograph named Chinese
Spectral Radioheliograph (CSRH) (Yan et al. 2012) is being
built, it will observe solar radio emissions (Kane et al. 2003),
radio bursts from the primary energy release sites of the solar
energetic events, unique measurements of coronal magnetic
fields, shock wave formation, and plasma heating. This in-
strument consists of two interferometer arrays (CSRH-I and
CSRH-II): CSRH-I array is comprised of 40 reflector anten-
nas with 4.5-m dishes over 0.4–2 GHz and CSRH-II array
is comprised of 60 reflector antennas with 2-m dishes over
2–15 GHz. All the 100 antennas are arranged in three spi-
ral arms and spread in 3.87 × 104 m2 quiet radio frequency
(RF) zone surrounded by small hills (Niu et al. 2013). It will
output solar radio images with multiple frequencies.

In contrast to other interferometer arrays (Thompson,
Moran, & Swenson 2008), CSRH (Yan et al. 2008) is in-
tended to be a powerful instrument observing the Sun (Wang
et al. 2013). It is proposed to obtain images with high spec-
tral resolution using Aperture Synthesis method (Tingay et al.
2013) in a wide bandwidth. Corresponding to the characteris-
tics of radio emissions, the polarisations of radio bursts may
vary quickly in milliseconds in solar activities, which are
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different from other celestial sources. Radio heliograph with
good UV coverage could exploit the diagnostic potential of
radio emission from the Sun, where the circularly polarised
degree of the feed has an effect on the accuracy of solar
radio image. When we observe the Sun with different an-
tennas at the same time (Liu et al. 2013), the four stocks
parameters I,Q,U,V between two arbitrary antennas should
be detected from the instrument. Here, I means total intensity
of the wave, Q and U represent the linearly polarised com-
ponent and V is the circularly polarised component. These
parameters could be calculated from the correlations of right
and right circular signals, left and left circular signals, right
and left circular signals, and left and right circular signals
of the Sun. Other Radioheliographs antennas are arranged
by the same distances. They do not need to calculate all the
Fourier components of each antenna pair. But in our case,
we have to detect four times of 1 770 antenna pairs in or-
der to get the correlation of each antenna pair in CSRH-II.
This paper is intended to introduce the characteristics of the
Eleven feed with designed feeding part. Comparing the feed
introduced in the patent (Kildal 2008), the present feed uses
more folded dipoles with a compact size and the impedance
matching part using a curved balun to cover the frequency
range of 2–15 GHz. In addition, this paper introduces how
to calculate the polarisation degree measurement of the so-
lar radio signal using antenna HC3 observation (HC3 just
represents the number of the antenna).

2 DESIGN AND PERFORMANCE

In reference to many ultra wide band feeds, the Eleven feed
was chosen and used in CSRH to receive signals coming
from the source. The original Eleven feed was designed for
Square Kilometer Array telescopes and were clearly intro-
duced in reference Olsson, Kildal, & Weinreb (2006) and
Yang et al. (2012). Another circular Eleven feed (Jungang
et al. 2013) shows that the measured S11 is below −8 dB in
14 GHz. However, this performance still does not fulfil the
requirement for the solar radio observation with fast chang-
ing signals. The specification of the Voltage Standing Wave
Ratio (VSWR) of our CSRH feed is below 1.5 (except 10% of
frequency band is below 2), the first side lobe of the antenna
and feed system specified less than −15 dB in the whole
frequency band. In aim of achieving these parameters, we
optimised the feed design. The basic element of the Eleven
feed is folded dipoles, it has ‘active region’, this portion is
radiating and receiving radiation efficiently and it varies with
frequencies. The longest element is active corresponding to
the lowest frequency, the shortest element is designed by the
highest frequency. Figure 1 shows the half log-periodic ge-
ometry of this design, l represents the half wavelength of the
folded dipole, d represents the separation between two adja-
cent folded dipoles, σ is known as the ‘relative spacing con-
stant’ and along with τ determines the angle of the antenna’s
apex θ , the relationships between these parameters are as

Figure 1. The log-periodic antenna configuration of CSRH feed.

follows:

di(i − 1) = 0.5 × (li − li−1) × cot(θ )

cot(θ ) = 4σ

1 − τ
. (1)

Based on the theory of log-periodic array (Yang et al.
2011), the Eleven feed used in CSRH-II was optimised in the
simulated and manufactured phases (Yang et al. 2009). The
folded dipoles are arranged in log-periodic array, distance
between two opposite dipoles with same height is half wave-
length according to different working wavelength (Qing &
Chia 1999). The longest and shortest dipole lengths are 12.45
cm, 0.642 cm respectively. The scaling factor τ is 0.83, θ is
34.8◦, σ is 0.06 and the number of the dipoles is 16.

The antenna works as follows, assuming the middle el-
ement is resonant, two adjacent dipoles are slightly longer
and shorter, the spacing shows that the transmission line flips
180◦ in phase and resonant with the middle element. When
the frequency goes upwards, the active region goes onward.
The limit of upper frequency dependents on the shortest ele-
ments of the antenna array. In the impedance matching part,
the balun was a printed stepped circuit board with dielectric
constant 2.2 and it was bent to form an L-shape, including a
more curved and slim strip section with two ends was used
between the unbalanced impedance of the feed and the 90◦

hybrid, this balun transforms the feed impedance to 50 �. The
impedance characteristics of the balun ends are fixed accord-
ing to the feed impedance and the coaxial line impedance, the
sizes of the two ends of the balun are designed in reference to
these impedances, and then we use a hyperbolic curve to link
the two ends of the balun. Dipoles at the highest frequency
were connected with the front end of the balun, the back
end was weld with an Sub-Miniature-A (SMA) port, then
a coaxial line was connected with the 90◦ hybrid. Figure 2
gives the simulated model of Eleven feed for 2–15 GHz.
Figure 3 shows the simulated radiation patterns with nearly
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Figure 2. The simulated model of CSRH feed.

Figure 3. The co-polar and cross-polar radiation patterns of CSRH feed.

same beam-widths in different frequencies, the 10 dB band-
width is about 110◦ within the operating frequencies, front
to back ratio is better than 28 dB and the radiation patterns
are very symmetrical in the co-polar direction.

According to the simulated size of this feed, we manufac-
tured and tested the Eleven feed. Figure 4 gives the photo
of the manufactured feed. The main material of this feed is
copper and the surface is silver plate. Figure 5 shows the
impedance matching part of the feed. Figure 6 shows the
block of the feed network. By carefully choosing the feed
points and optimising the impedance transformer, we mea-
sured the feed and the VSWR was measured using an Agilent
E8363B PNA network analyser. The simulated and measured
results are shown in Figure 7, for discrepancy, we think there
are some reasons, one is the mechanical art, the manufacture
and test error interfere the discrepancy of the measured and
simulated VSWR. The other is the different settings between
the simulated and measured models. We choose sweep type
‘fast’, ‘lump port’ as an ideal feeding in the simulated model
and drew this result. In addition, much debugging work on the
folded dipoles and balun were done on the measured model.

Figure 4. The manufactured CSRH feed.

Figure 5. Impedance matching part of CSRH feed.

Figure 6. The block of feed network.

The impedance is 50 � in different frequencies. But for the
measured model, the actual balun and hybrid are added in the
ends of the shortest dipole, these did affect the whole system.
This means in different frequencies, the dipoles are feeded
with impedance 50 � , for measured model, although we
have added a balun in the end of the dipoles, the impedance
is not always 50 � in different frequencies, so there is a
discrepancy between measured and simulated VSWR. The
measured VSWR is almost less than 1.5 within the wide
bandwidth, corresponding to the return loss better than 13.9
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Figure 7. The measured and simulated VSWR of CSRH feed.

Figure 8. The measured radiation patterns of CSRH antenna system.

dB, compared to Yang et al. (2009), with improvement 5.9
dB in the whole frequency band.

Next, we put this feed in the focus of a 2 m reflector an-
tenna. The radiation patterns of the whole antenna system
are measured by using the far-filed pattern system. The dis-
tance between the source and the feed under test is about
15 m. A frequency interval of 1 GHz is used and the an-
gle range is limited from −90◦ to +90◦. The radiation pat-
terns of CSRH antenna system are presented in Figure 8 for
4, 7, 11, and 15 GHz. It can be seen that the higher the
frequency, the smaller the beam width. The first sidelobe
is less than −20 dB. Figure 9 shows the measured aper-
ture efficiency of CSRH antenna. The antenna efficiency is
above 45%. Figure 10 shows the measured axial ratio of the
feed is less than 1.5dB.

3 POLARISATION DEGREE MEASUREMENT

Polarisation degree measurement is also performed in this
project, because polarisation degree of the radio source can

Figure 9. The measured aperture efficiency of CSRH antenna.

Figure 10. The measured axial ratio of CSRH feed.

provide a lot of insights into the magnetic field morphology
in solar radio bursts (Yan et al. 2008), and such observation
gives clearly variation in the emission and transport mecha-
nism and reveals differences in solar radio source properties.
The polarisation measurement is based on the interferometer
polarimetry. In the observation stage, dual circularly polari-
sations are recorded at each antenna.

The former measurements are made by detecting two or-
thogonal polarisation states in a pair of antennas. In order
to calibrate the observed result, all the detected correlations
must be added in the instrument because of geometric path
and the interference through the atmosphere. The difference
caused by the outer space is modified by a front arrival time
of a coming wave, so the difference in different frequency
channels would cause the delay of the radio signal. In or-
der to fully sample the polarisation states of the Sun, the
phase and amplitude offsets in each channel are recorded
by the signals propagating through the atmosphere, feeds,
and receiving devices. Because for signal transportation, the
original polarisation degree of the Sun is usually affected
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Figure 11. The gain ratio of different powers coming from right and left circular channels.

by the instrument. If we want to get a much more precise
solar radio image, the polarisation of the instrument should
be measured. As radio telescopes are sensitive to the electric
field, the impact on the polarisation degree of CSRH-II could
be measured by the gain difference and the isolation between

right- and left-handed polarisation outputs of the polarised
switch. CSRH-II receives different polarised signals when
changing with the switch and correlations between parallel
circular feed are sensitive to total intensity and the polarisa-
tion of the circular source, which is quite weak. When using

PASA, 32, e013 (2015)
doi:10.1017/pasa.2015.14

https://doi.org/10.1017/pasa.2015.14 Published online by Cambridge University Press

http://dx.doi.org/10.1017/pasa.2015.14
https://doi.org/10.1017/pasa.2015.14


6 Li et al.

this weak polarised source, the calibration of the instrument
can be assumed to have no circular polarisation.

In our case, if we assume the original polarisation degree
of the solar radio emission is Poldsun and the intensity coming
to the R-polarisation channel is Pright, the intensity coming to
the L-polarisation channel is Lpol × Pright. Here,

Lpol = (1 − Poldsun)/(1 + Poldsun). (2)

Although the major polarisation component is assumed to be
component coming from the right-handed circular channel,
it is also assumed that Iso works in both directions (R channel
to L channel and L channel to R channel), ER and EL are the
electric filed from right and left channels. AR represents the
axial ratio of the feed.

Iso= (EL/ER)2= (AR − 1)2/(AR + 1)2. (3)

The ratio of the gain coming from right channel with respect
to the left channel is G = 1 + �G. As a result, the total
right-handed polarisation power Pto(right) is

Pto(right) = Pright × (
1 − Iso

) + Lpol × Pright × Iso. (4)

The total left-handed polarisation powerPto(left) is

Pto(left)= [Pright × (1−Iso)×Lpol + (Pright × Iso)]
×(1 + �G).

(5)

So, the observed polarisation degree Pold(obs) is

Pold
(obs) =

(
Pto(right) − Pto(left)

)
/
(

Pto(right) + Pto(left)

)
. (6)

In Equation (5), the gain difference (�G) between the two
channels is measured by the spectrum analyser. From these
equations, we could get the error between the polarisation
degree of observing the Sun and the polarisation degree of
the original solar radio emission. In CSRH-II, the solar RF
are mixed with three frequencies corresponding to three local
oscillators, thus the intermediate frequency is 50–450 MHz.

In Figure 11, it shows the gain ratio of different powers
coming from right and left circular channels in the listed
frequencies, the gain difference is less than 0.2. Figure 12
shows the difference between the observing polarisation de-
gree Pold(obs) and the original polarisation degree Pold(sun)

varies with the original polarisation degree, the true value of∣∣Pold(obs) − Pold(sun)

∣∣ is less than 9.4%.
For every receiving band, the gain difference of right-

and left-handed polarisation intensities for solar emission
(assuming that the solar quiet emission has no polarisation)
is measured and in the future stages, the amplitude of the
radio signals will be calculated according to measured data.

4 CONCLUSION

In this paper, we document the characteristics of the CSRH
feed and reflector antenna and conclude that the CSRH dish
perform well to meet science goals of CSRH, and this prime
focus reflector dish shows good sidelobe performance for in-
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terfering sources far from the main pointing direction. This
feed with bent impedance transformer with a simpler profile
makes it easier to design and manufacture. The proposed feed
exhibits good radiation patterns, the main measured speci-
fication VSWR is less than 1.5 over the whole frequency
band, which is suitable for solar radio burst observations. At
the same time, this paper also gives a method for measuring
the polarisation degree by using CSRH-II data. It also gives
the measured relationship between

∣∣Pold(obs) − Pold(sun)

∣∣ and
Pold(sun) of HC3 antenna. The difference between the mea-
sured and the original polarisation degree gives us a reference
for analysing the solar radio image.
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