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Development of Polarization-Controllable Active Phased
Array Antenna for Receiving Satellite Broadcasting
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Abstract

We herein present a study on the active phased array antenna for receiving satellite broadcasting that can electrically align its
polarization to that of target transmitters in its moving condition or in the Skew angle arrangement of the broadcasting satellite receiver.
Hence, we have developed an active phased array structure composed of the self-developed Vivaldi antenna and multifunction core
(MFC) chip, receiving RF front end module, and control units. In particular, the new Vivaldi antenna designed in the Ku-band of 10.7 -
14.5 GHz to receive one desired polarization mode such as the horizontal or vertical by means of an MFC chip and other control units
that can control the amplitude and phase of each antenna element. The test results verified that cross-polarization property is 20 dB
or higher and the primary beam can be scanned clearly at approximately +£60°.
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(a) Block diagram of MFC chip
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(b) Picture of manufactured MFC chip
a8 1. MFC 3
Fig. 1. MFC chip.

326

1(b)¢F 7+e] TSMC(Taiwan Semiconductor Manufacturing
Company) 65 nm &322 A 2= Tt
J9 2@)~()= 1AE MFCY AN EAS 54
Aztolth. 10.5~13.0 GHzol A AN 505 |
=9 WS —10 dB W9] 9] v g <fad 4 A3}
£ Hoth 9 2d)E MFCY #4452 235
dB ©]32 ZA ATt F8 Ao v E o) MFCY 9
R o5 Al BAE ST 245 I¥ 2e)~ (D)l
Uehd oAtk 2-oA 9182 6-bitS AHE-3He] 0~360°2]
9ol A 5,625 9] 7HA O & Ao} 7hEEtn, o] 5 5-
bitS AHg-ste] 0~31 dBO] W14 1 dB] A 2.2 A
o7} 7hsstth 19 29] Al ol B A Aol kb
] ate]7} AR o] tolHE H7A st HGelA
gtolof Edof oJgt F3tof 7|Qlet 0T BT
A2 MFCO] A& & 1] elstelen, 99k 2
o] Z4H SACE HS wf, Adste s 55 A
g QHElvol A §o] 7hsstttal At

. QHEfLtel AA & A&

T A WE <tElveA 9 QtEuE mle]dR
EY A EHURE H29 Eud £F Y F
Fej 7t wol ARt 2y ol sh e o] el
TAAQ HY SR skl Ku 9439 41 o
10.7~12.75 GHz 92 TlEA $4 tj9<1 13.75~
5 GHz® AU 9E Fdshs Alo] E7Fsstth wahA

GHz
=& A= 10.7~14.5 GHzS] Ku $1449] @A 421
Q3 NE FHQ 2719 olF HATE FAA FE 7t
St s WY QHIUE SF 4 M HEHUE 7
FA AL FF5 9 ulE rElVEE tho] ofd, %
ery Small Aperture Terminal)®] £21-8& $14 <tel
Lol &= Z#% = As HHOE gt

v Qrelvke] FEl= 119 3(b)st 2ol PCBY| &%
Holl= A& RYSZ gpenH o] e 50 Q vlo|AE
2EY 3443, diid AR Fe o] 2709 A,
AR shete] Y E ReFe] o R FAH o] g
v QU mhold R AEY FAMCERE A
% (balun)= F30A41 270 9]

=

7 3H(magnetic coupling)¥



30

S21 (dB)

==== Measurement
— Simulation

S
Frequency (GHz)
(@ 22505 54

(a) Small signal gain property

10

==== [Measurement
m— Simulation

$22 (dB)

20|

4 —_——

30

10

1" 12
Frequency (GHz)

(© AT 54

(c) Output reflection coefficient property

200
1w <
160-|
140-|

120-|
100
80
60|
o ¥ 00— K

Phase Shift (°)

20

100 105 11.0 11‘.5 12I.0 125 13.0 135
Freq. (GHz)
() 917 Aol 54
(e) Phase control property
J& 2. MFC 3 &4 23
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HE 1. MFC A2 Ap
Table 1. MFC specification.

Measurement result
10.7~12.75 GHz

Small signal gain 15~20 dB
Input / Output return loss | Input: <8 dB/Output: <15 dB

Frequency

Noise figure <35 dB

Phase control 6 bit, 0~360 °

Gain control 5 bit, 0~31 dB
12.3 mm

() &
(a) Balun

(b) 71 "Y<L

(b) Basic Vivaldi antenna

Boundary Condition
« y-z plane : PEC

« x-z plane : PMC

« x-y plane : Open
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(c) Final Vivaldi antenna
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(d) PCB dimension
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Fig. 3. Design process of Vivaldi antenna.
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Table 2. Active phased array antenna main performance.

Specification
Frequency 10.7~12.75 GHz
Polarization Hor%zonthal, Veﬁic?al,.
+45° direction polarization
Scan angle range +60 °
Array size 256(16x16)
Cross polarization discrimination >20 dB
Antenna gain >22 dBi
Half-power beamwidth <95
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