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Automatic Calibration Method of Tile-Type Phased-Array Antenna Using
Back-Projection Measurement
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Abstract

In this paper, we describe an automatic calibration method and test results for a tile-type subarray consisting of a Tx phased-array
antenna for Ku-band satellite communication. For array antenna calibration, the aperture electric field distribution, which is supported
by the planar near-field measurement system, is used to minimize the phase variations across the array aperture. All the calibration
procedures are performed automatically through interoperation between the planar near-field measurement system and array antenna
control board. As conditions for ending the automatic calibration process, the far-field gain, beam width, and pointing direction can
be used. The tile-type Tx phased-array antenna used for verification of the proposed method is an 8x8 array of microstrip patch antennas
operating in the Ku band and having a phase shifter with 22.5° resolution.
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Fig. 1. Near-field measurement system.
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broadside® A &8 7%-9| array factorS o EAHste] 1
@ 5ol EASk AT AUTR AHEE W geeue) k2%
I A EZ] MU A7 o] AAZ 7L 1057 mmE FY
at7] ool 22t Wk array factore F 9t
19 50 A ¢} 72o] Array factoroll thdh FolR-A A}
AFETE(f)AA WEZL oF 128°0] 7, A WA Bjaw
2 —128 dBedl ASZ YEPth E Al Fol e AUTZ
AREE Qb V] 91 o] 7] EEl el 22.5°%
M Alo] 770] You], o|SAle] Sito] glo} wy
P g Aigke) AtEel AR oS0 BRdS

&to] broadside WA 3F Waell ot ARG #E =
& E 19 2ol Aae

R
S

()

— 1280

-10 X 20.9

Y 2.8
»
20
25
30 . L . . s L
-80 50 40 20 0 20

angle [degree]

40 60 80

% 5. Broadside A %A] 1425 GHzolA AUTSl A+fst
¥ array factor
Fig. 5. Broadside direction array factor of AUT at f,.



1. A5EY ¢85 =7
Table 1. Auto calibration target condition.

Auto calibration target specification
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Table 2. Far-field beam pattern results after the proposed
auto calibration.

Horizontal polarization (f )

Beam pointing error (broadside, h-cut) —0.035 deg

Beam pointing error (broadside, v-cut) 0.664 deg
3 dB beam width (h-cut) 12.219 deg
3 dB beam width (v-cut) 12.375 deg

Vertical polarization (f.)

Beam pointing error (broadside, h-cut) —0.051 deg

Beam pointing error (broadside, v-cut) 0.168 deg
3 dB beam width (h-cut) 12.125 deg
3 dB beam width (v-cut) 11.984 deg

1039



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 31, no. 12, December. 2020.

22 Yol Eo]Q& FAolth & slue] AgEY 48 X
1913 dB W A3E Byl /44 fvh B
3 a7t ‘ﬂo“%kgi 12°~124°9] &5 71AH, £8

4o oY & TEETE A3 TR
5E UEE 2/ EHERH B
,5%~ =2 BA 2344 FEx1
et webd A¥ A 22 ~
7 G , 2% 10 env's A3t 6 cmis 9] AU
BE £52 243 0 Asiyo) oF 2080] ARFE, B
A SEIIA 4R ~60%0] 2R FHUTH

o
Fu

i} mZ:
_0|L O.\_,

d Af e e
QL
X2

A3

[
e =
= _E e

A=
3] Tkl

=
o_|>i

A1

=
fiu
I'D: —
oX, H1

tlo
N

!

g T
rir
AN
-3
>

c
do
S~
>,
=
e
2
=
-
it
rd
m
=
X
¥
o
o

to,
¢

offl
ol
£
_>i
ol
o |o
fu
[t
= o2l
tjo
4
o
ek
>
%2
rlr
o
rO
o
N

A, Ku B 9143548 88 B9
FAE Ao 1 Il Beae
Tl A AR 9/l E Qe el EH
S deteite) 1y o) 2
;<4j].7<4 11‘14%—].9. §]—E]_‘6]— 2= 0] 0O

e Ao 7hsE e

i
2R oy
oft o 1>
A

[

o 2 O—>:
>

o =

N O o R

ol
i -1317 o

H & rlo

:m-:
ne
fitl
-
oX

4 71 ® [AEAAY)
https://orcid.org/0000-0003-2564-7313

2018 2¢: AEdgw Az (35

/\})
202013 29 AEo) sty Az} (38
A Ah

20199 1€ ~3A: Jgx A+4
[F ZAZ0H gWig= Al2E" AREAl
Al2H

.lt‘

1040

g gigF Ak 22 58 7HsAS 7EAA
References

[1] K. Hassett, "Phased array antenna calibration measure-
ment techniques and methods," in EuCAP Conference
Invited Paper, Davos, Apr. 2016.

[2] H. Chae, H. S. Kim, D. K. Lee, M. D. Jeong, and J.
Park, "Transmit-beam pattern measurement of the active
phased-array antenna using near-field measurement faci-
lity," The Journal of Korean Institute of Electromagnetic
Engineering and Science, vol. 22, no. 12, pp. 1155-1164,
Dec. 2011.

[3] T. Joo, K. Kim, Y. Kim, C. Hwang, and J. Seo, "Design
of a conformal Rx phased array antenna system for Ku-
band satellite communications," The Journal of Korean
Institute of Electromagnetic Engineering and Science,
vol. 31, no. 6, pp. 495-509, Jun. 2020.

[4] C. A. Balanis, Antenna Theory: Analysis and Design,
Hoboken, NJ, John Wiley & Sons, pp. 260-272, 1982.

oA 8 [dYAFYa ]
https://orcid.org/0000-0002-5650-9792
2014 39: =i ot AAbgstat (et
2
- 2016 8€: Adthsha A7+
B3 (384D
20161 8E~&AA|: A A FAATH

‘ il - [ ZHAZ0H RF System, Embedded System



=
°

A E 4 [FEEA A AT Y]
https://orcid.org/0000-0001-6784-2745
2000 2¢¥: 3
st
2002\ 2€:
s
2017 2€:

‘ shapab)
f‘- 2002 19~ FiaterelTa 499

79 QER 1%)
[F ByR0N 9 S, AR 2ue3,

24€ 4% BAY LAt 450 Wy

F o & [t/ d )

https://orcid.org/0000-0002-8750-9779

2008 249: Ak st 7] 2 Ak et

(T

20109 24 @=ASTIed AT
stk (& 344h

20149 298 F=HrIed AN
st (F 3

2016 10€~A: st ra A9

<
Al
=

=0} RF Transceiver, Ho|E1Z 2 A ~H]

1041



