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AnHoTanmusa. B cnektpambHOM  paguorenuorpade
Munraatry (MUSER) ectb 11Be aHTEHHbIE pEILETKH.
MUSER-I 1 MUSER-II oxBaTpIBaroT quamna3oH 4acToT OT
04 o 2 ITu u ot 2 o 15 I'Tu coorBercTBeHHO. B OIint-
JKalIme roabl OyIeT co3/[aHa TPEThs aHTCHHAS PEIICTKa,
OXBaTBIBAIOIAs YacTOTHBIM muamazoH 30-240 MI'm.
Jlornmeproanyeckasi aHTCHHA SBISIETCS OJHUM U3 BapH-
aHTOB I HHU3Ko4dacToTHOro muanasona MUSER, ona
H3Ty9aeT CTPYKTYPHI, KOTOpPHIE CIOCOOHBI MOIACPKHU-
BaTh IMOCJIEOBATEIbHBIC HMIICTJAHCHBIE XapaKTePUCTUKU
B IIMPOKOH1 MoJtoce nmpomnyckaHus. bruaromapst BeicokoMmy
KOX(PUIMEHTY YCHJICHHUS, OHA MIHPOKO HCIOJIb3YETCsI
BO MHOTMX HIMPOKOIOJIOCHBIX IPUIIOXKEHUAX. B asToi
MporpaMMe CIOKEHHBbIE W Pa3BEPHYTHIC JIOTTIEPUOIH-
YecKHe aHTeHHBI MOJICITUPYIOTCs [Ts mpoekTa “Meridian”.
Jl71st Toro uTOOBI YMEHBIIUT MOTEPU HA OTPAKEHHUE, ITa
AQHTCHHA ONTHMHU3UPOBAHA C YYCTOM HIUPUHBI KaXIOTO
MOJIFOCa M BBICOTHI OTMOPHI. JTOT ONTHMU3UPOBAHHEII
mporecc OBUT pealln30BaH B CMOMACIHPOBAHHOM IIPO-
rpamMmMHOM obOecrreueHun HFSS.

KiroueBble ciioBa: aHTeHHas pellerka, (uuepHoe
B030YKJICHHE, JIOTTIEPUOANYECKAs] aHTECHHA.

Abstract. There are two antenna arrays located in
Mingantu Spectral Radio Heliograph (MUSER).
MUSER-I and MUSER-II cover the frequency band
ranging from 0.4 to 2 GHz and from 2 to 15 GHz re-
spectively. A third antenna array covering 30-240 MHz
will be established in the coming years. A log-periodic
antenna is one of the choices for MUSER low frequency
band; it radiates structures capable of maintaining con-
sistent impedance characteristics over a wide bandwidth.
Due to the ability of achieving high gain, it is widely
used in many broadband applications. In this program,
folded and unfolded log-periodic antennas are simulated
for the Meridian project. In order to improve its return
loss, this antenna is optimized with the width of each
pole and the height of the substrate. This optimized pro-
cess has been implemented in the simulated software
HFSS.

Keywords: array, feed, log-periodic antenna.

INTRODUCTION

MUSER [Li et al., 2016] is an aperture synthesis solar
radioheliograph. It is located at ~400 km away from Bei-
jing. Another new telescope with a 30-240 MHz frequency
band is now being tested for observing the Sun in a lower
frequency band. The main specifications of MUSER-I
and MUSER-II [Li et al., 2015a] are shown in Table 1.

Now, MUSER-I and MUSER-II has a routine pro-
cedure to observe the Sun every day. In solar radio ob-

49

servations, the Sun exhibits a variety of large dynamic
phenomena in different frequencies [Lesovoi et al.,
2014]. Meanwhile, it transmits constant energy to Earth.
These phenomena reveal links between solar astronomy
and other branches of physics. The gyro-synchrotron
emission has been taken as an explanation for most
broadband types of bursts, which are observed due to
plasma emission processes. Hence, the study of meter
wavelength solar radio bursts leads naturally to the theory
of waves in plasma.
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Table 1
The main specifications of MUSER
Parameter MUSER-I MUSER-II
Frequency band 0.4-2 GHz 2-15 GHz
Wavelength 75-15 cm 15-2 cm
Number of antennas 40 60
Channels 64(25 MHz) 520(25 MHz)
Spectral resolution 10.3"(2 GHz)- 1.4"(15 GHz)-
51.6"(400 MHz) 10.3"(2 GHz)
Flux sensitivity 3-10*sfu/beam (integration time is 1 s, bandwidth is 25 MHz)
Time resolution 25 ms | ~200 ms
Dynamic range more than 25 dB
Circular polarization R, L
Longest baseline 3 km
Field of view 2—7 degree | 0.2-6 degree
Table 2
Specifications of MUSER-MDA

Frequency band 30-240 MHz

Wavelength 10-1.25m

Antenna number 100

Flux sensitivity 3 sfu

Spectral resolution

1.7'(240 MHz) 14.0'(30 MHz)

Time resolution

100 ms

Longest baseline 3 km

Considering solar flares at various heights in the at-
mosphere ranging below the chromosphere through the
corona and into interplanetary space, it is not easy to
identify manifestations in one wavelength because flares
often include a wide range of phenomena. At each
height range, observations in specific wavelength bands
have provided different information. The magnetic field
strength in the corona within active regions is rather
uncertain because there are yet no reliable techniques
for direct measurements. The best values to date come
indirectly form radio observations. Over the whole elec-
tromagnetic spectrum of the Sun, the meter wavelength
band [Chen, Chia, 2000] is unique, the photosphere and
chromosphere and longer wavelength come mainly from
interplanetary space, meter waves alone are generated
inthe tenuous plasma known as the solar corona, and
they reveal a spectacular range of undreamed-of phe-
nomena.

Since we have already built decametric and centimet-
ric telescopes, the next plan is to construct a telescope
with a 30-240 MHz bandwidth, which is named
MingantU SpEctral Radio Heliograph Metric to decamet-
ric Array (MUSER-MDA). It differs from the former
ones and is designed as folded log-periodic antenna; all the
antennas are also located in three spiral beams. The main
specifications of MUSER-MDA are shown in Table 2.

UNFOLDED LOG-PERIODIC
ANTENNAS

A series of printed log-periodic antennas [Lai et al.,
2017] have been proposed, and most of them are
evolved from the traditional LPDA; a cross feeding
structure has been adopted which feeds on one side of a

50

short dipole. Such a feeding method cannot be integrated.
The log-periodic dipole antenna (LPDA) [Wang et al.,
2011] is, however, widely used due to its simple struc-
ture, good performance and wide bandwidth. The basic
concept is the gradually expanding periodic dipoles ra-
diating most effectively when the array is nearly reso-
nant so that antenna characteristics in a cycle change
little, therefore LPDA belongs to the non-frequency-
dependent antenna and it is the representative of the
popular wideband antennas.

LPDA is a classic non-repeat form of frequency var-
ying antenna [Zhengguang et al., 2006]; its impedance
and radiation characteristics are repeated by the loga-
rithm of the frequency. The transmission of electromag-
netic energy is from the feed point along the antenna
structure to push forward. The resonance occurs at the
teeth of a quarter-wavelength and then the radiation
occurs. The remaining part of energy moves forward
and then is reflected back at the end of the antenna,
where the energy is weak. When the frequency is changed,

Figurel. The schematic of the LPDA
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Figure 2. Model of log-periodic antenna

dB{GainTotal)
8. 419%+008
- 4.1131e+0080
' -1.9374e-001
W~y 5PD6E+D00
-8.8874e+B00
-1.3114%e+001
-1.7421e+881
~-2.1728e+881
,ilr -2, 6035e+@01
-3.8342e+081
-3, 464B8e+001
-3, 8955e+881
-4, 3262e+081
-4, 7569e+081
-5.1876e+801
-5.6182e+881
-6.045%+081

Figure 3. Radiation pattern at 30 MHz

the resonant point moves too. But the geometric form of
the antenna is not be affected by the move of the reso-
nant point. The feed way of LPDA is a cross power
feeding. The feeder is a cross-connection between two
adjacent poles, and the purpose is to ensure the poles in
the radiation area can obtain appropriate phase relation-
ship. So that the phase of long poles is before the short
ones, thereby the result is the end fire pointing to the
vertex direction. Figure 1 gives a schematic of the log-
periodic antenna array.

The features of pattern, gain, and impedance depend
on the scaling factor t:

In — rn — dn :T; (1)

In—l rn—l CIn—l

d, =(1-7r,; )

0 =tan? ['—] (3)
rn

In these three equations, | represents the half wave-
length of the pole; r is the distance between the vertex
and each pole; d is the distance between two adjacent
dipoles; 0 is the angle. At the end of the feed lines, they
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The comparison between the simulated results...

can be connected with a resistance equal to its charac-

teristic impedance, as well as up to the back of the unit

within L ,.,/8 distance. The characteristic impedance of

the feeder can affect the input impedance of the antenna.

Its relationship is expressed as
ZO

. :
1+ Zys
4cZ,

The length of each pair of pole is half wavelength.
The frequency band is 30~240 MHz, hence the longest
length of a pair of dipole is 5 m. The traditional LPDA
shown in Figure 2 is simulated, the size of this antenna
is very large — it does not fit the requirement of the
project. So, the folded LPDA is designed and simulated.
Figure 3 gives a 3-dimension radiation pattern at 30 MHz.
Figure 4 shows the radiation patterns at 240 MHz. The
biggest gain value is about 11.7 dBi.

Z 4)

RESULTS OF FOLDED LPDA

According to the big size of traditional LPDA, this
folded antenna model is also set up in the software
HFSS [Li et al., 2015b]. The modeling process is illustrated
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Figure 4. Radiation pattern at 240 MHz
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Figure 5. The folded LPDA

as follows: major parameters are confirmed, some other
parameters are optimized in an appropriate range in the
software, and then the best parameter is chosen. When
the distance between feeder lines is too small, the cur-
rent amplitude is also inverted, so that in the far-field
region the feeder lines affect each other.

The shape of the folded LPDA is much like the nor-
mal LPDA. The frequency band width is 30-240 MHz,
the designed return loss is less than —10 dB; the gain is
larger than 6 dBi. The folded LPDA is comprised of
substrate, feed lines, and poles. A 3 mm-thick FR4 an-
tenna substrate with a permittivity of 4.4 and a loss tan-
gent of 0.02 is used; the length, width and the height of
the substrate dimension are set as 2x1x0.003 m®. Finally,
the main PCB of the dimension is the system plane.

Figure 5 shows the folded dipoles arranged in the
simulated software. The maximum length of the dipole is
2 m and the height of LPDA is 1 m. The number of the
dipoles is 27, the shortest and longest poles are designed
as lp and l,g, the distance between the pole and the origi-
nal point is denoted by d, the width of each pole is w.
The values of each pole are given in Table 3.
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At the beginning of the simulation, the widths of the
dipoles use the value listed in the Table, and then the
thickness of the optimized value is from 2 to 20 mm.

The simulated return loss is shown in Figure 6; dif-
ferent parameters show different simulated results. Figure
7 and 8 show the radiation patterns at frequencies of 30
and 240 MHz. According to this calculation, we could pick
up optimized parameters for this log-periodic antenna. The
next step is to find a more optimized parameter; the aim of
the return loss is less than =10 dB. Up to now, we have
calculated original optimized parameters. Much work will
be done later.

CONCLUSION

In this paper, we present a novel type of folded
LPDA, which is operated over the width from 30 to
240 MHz, the gain fluctuation could be improved by
optimizing the width and length of the dipoles. Com-
pared with the conventional unfolded LPDA, the folded
LPDA has compact size and similar radiation character-
istics. Hence, the next work will be done to make physi-
cal antenna model and measurement.
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Figure 6. The return loss of the antenna at three different parameters
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Figure 7. The radiation pattern at f=30 MHz
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Figure 8. The radiation pattern at f=240 MHz
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Table 3
Parameters of the proposed antenna
Dipole | Length, mm Distance, mm | Width, mm

ly 40 3.6 1.0
I, 46.8 7.7 1.1
l, 55 12.5 1.2
I3 64 18 1.3
l, 75 24.3 14
s 87.6 315 15
lg 103 39.8 1.6
l; 120 494 1.7
lg 140 60.4 1.9
lg 164 73.1 2

lio 192 87.7 2.2
Iy 226 104 2.3
I, 264 124 25
I3 308 146 2.7
lig 360 171 2.9
ls 422 201 3.2
I 494 234 3.4
li7 578 273 36
lig 676 318 4

lio 788 369 4.3
[ 924 428 4.7
I 1300 495 5

I 1480 573 5

s 1800 663 5

[ 1960 733 5

Is 2200 813 5

e 2700 893 5
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