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Design of Tile-Type Rx Phased-Array Antenna for
Ku-Band Satellite Communications
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Abstract

In this paper, we describe the design, manufacture, and performance test results of a highly integrated tile-type Rx phased-array
antenna for Ku-band satellite communication. The designed tile-type receive phased-array antenna is composed of three multilayer
boards. The first board consists of 8x8 arrayed patch antennas and a core chip with a low-noise amplifier and phase shifters. The second
board includes a true time delay(TTD) circuit to minimize the beam squint in the wide frequency band and amplifiers. The third board
consists of circuits to control the phase shifters and TTD circuit in boards 1 and 2, respectively. The manufactured tile-type antenna
has the size and weight of 33x96x96 mm’ and 250 g, respectively. The results of the electrical performance test of the antenna are
that the antenna gain and beam width are 24 dBi and 12° at the center of the operating frequency in the Ku-band. Further, the beam
squint performance is less than 1° when steering through 0° and 40° in the ¢ and 6 directions, respectively. A conformal phased-array
antenna can be produced for satellite communication in the Ku-band using the proposed tile antenna.
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Table 1. Design specification of Rx tile array antenna.

Item Freq. band Design target
Max. steering phi Ku 0~360°
angle theta 0~60°
500 MHz
Operating frequency Ku fi=fc—250 MHz
firfct250 MHz
Antenna gain Ku > 21.2 dBiL
Antenna beamwidth Ku < 14°
Beam pointing error Ku < 5.6°
Noise figure Ku <3 dB
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Fig. 2. Block diagram of Rx tile phased array antenna.

704

o] HEd 32k FXE ro] WA stith A E BE
+ SHIWRF EE, 1A}, 22t MLB(Multi-Layer Board)=
ol Xt

g]_l/]_o] /v\ oLO_ 47H94 /K-ﬂi q.}dﬂr/} /14]3 o]-l.;ﬂ\,]./
RF HE¢} 12} MLB| 2] A€ o]9 9% 2 TTD
(True Time Delay)e] A& $g+ MCU(Micro-controller
Unit)7F QFEIV/RF BE 3 22 MLBll 72t A7 =] i
A9 FdE A8l 16709 ARS S5, 130l
2o 16:1 297 7F QHFEHIVWWRE BE)] AA 83T
o]9] &, Fub W B A AAS A% A 1A}
MLBO A = ¢l ek

AAE A B eteEluE 64719 Ku tlg 98 4lE
S Agste Ul LY 28215 E At e <
Hue Ao S 3 A%E F3l °F 100 dBY] ©|5& 7
=0 4 Z5E N EUE Ku te 4¥AIE7}
—150 dBm ¢l 7, 21 gl A o]5d wf AY &

< o 2o A 537 2 161 AR1E 5%

OJEﬂ WRF HE9] £82 oF —130 dBme|H, T34~ W
3 9 TIDE %3¢ 14 MLBY] Lt 82 F —80 dBm
ot} AA ¥ VGA(Variable Gain Amplifier) 2 4:1 27|
g 5 8 HF 282 oF —50 dBme|th

2-3 QHE|LIRF 25 A

A QMU= d 4] bV 2R &5 74;—5
3 Kuthy Fapo] Hogk Ay &

, A e B 9y Ay 548 9lste] F A
¥4 TEE LS AA

nlo]| ARAEY XU EAf sk 719 X‘]‘Pl‘/—ﬂ
£ Teflon A &(e=22)9 1.02 mm FHE AHE3192
feed-lineo] =A3h= 7|1 H LFHAE ZAL 7 H(e=
3.35) %7 0.51 mm= A}%é}oq feed-line 2 Zof 27+
= FHEETE 19 30 9 EARAAS] AAE YE
Witk 18 3b)e G HARARALY] 8x8 wi < <tElu
A& Uehdth Ku U] &8 ForE 237] $lste 7l
H Qe Y= 6 mmE AASA O, QHel U 7HA S
A291 12 mmE QHE|UE wigstith &4 s x| Qe v
o] HRAHAI = —182 dBE ZH=E AT AAE

H o



Strip Line
H-pol

Strip Line
V-pol

Patch

Slot GND 9 mm

(@) &L BAaAe] A EE
(a) Design concept of unit radiating antenna

(b) 8x8 W& FEHL}e] AA
(b) Design of 8x8 array antenna

a8 3. A B39 Qv A
Fig. 3. Design of array antenna in Rx tile.

g Qrelvte] AlEd o)A JJrT‘Z‘ G7t0°d | —15dB

g Ueiliglon, o A3kl 60° Gl A= Fake
of W} —7.2~—10 dB9] active retun lossE LER Stk
N ote|Ue] VSWR(Voltage Standing Wave Ratio)= &
L3 12~1.5 dBE =S AAS

19 4= RF7|R9] AAES Yeith RF 7]92 A%
= oE7], $1°4701719k o]¢] Alo]§ SPC(Serial to Pa-
rallel Converter)7} H A€ FoJ3 3} o] 9] A4S A
< 913 MCUY 21 A58 23] A 16:1 297
2 F9 FAEJT V-pol, Hpol?] A3 2 43 AdE
219817 S8 NE <l 2719 4 AZ27F D3}
B2 F 128709 ZoJ3& RFEE A w5t gich 744
T Ku & tellA o] 5 10 dB, T4+ 2 dB
2 4 bit Y7L 7hs e AAIE AT Fo1 e 9
FAIOTE S8 RF B0 MCUE 87 v A8kl oH, 171
¢l MCUIA 167]¢] FolRs Alofgieh.

Ku o 4548 B9 £40 9409 creiel 44

T2l 4. 224 RFEES] A7
Fig. 4. Design of Rx RF board.

RF 7]%2 RogersAke] RO4350B, RO4450B, RO4003C
J12]3 FR4ZE o|Foix 235 7]#o 2 FAEUTE RF
7138 Ao Foi3 3 MCUZF &1, 16:1 2971+
713 Wi 235 o]&3te] AHSTH

AAR 161 A A971E HA HAsHE A8l T-junc-
tion 722 AASHOH, AEH)AE 16:1 A7)
AYEA Adks oF 2.5 dBolt o]9] AAE 19 5a) ol
Uehidth 18 5b)E RF HE9 ARHS Yehdt
RF HE 456l E Vopol, Hpols &4 &2at7] 918k ¢F
B 995t AAEo] glom, SteuEESe] He
3l SAQMEVE FEe Foh AEHe] AAFHE
QG B F7ke] 7H 2 FAstelr] s FA ol

RF 7]3%3} <t U 7|32 A2 o2 A HTh o
2hA] QEEIVRF EE A sjX Qe vE A =m, 5
L iOV‘ 2 MCUZF v x| ® ), 5241 EFL Qe W)
FolA AE S5EE I9 60 etk 7 siX]
Qte Vel A FAlE ii F AR5 E719 91745017
7} zlx%g].% Cﬁ 1:] JULE]U% 16:1 /\]_—ggtg-ﬂg =
3 Ag€E ol AYEHE Fdll 12 MLBE Ag9H .
MLB %, at¥el F2r8 Azt Fall 19 29 As 4=
£ 3ol AEES AASSTE REQEIV BE /Afstd
233 Adol 9t ey 7Y &4 <F 0.5 dBolth. ¢t
BlWRFEE A5 Aol Ao FA 9 7]+ 5.5%96x96
mm’o|th REE.E Q] £/ 2 F7]E= oF 4x96x96 mm’©| 1,

705



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 9, Sep. 2019.

1\
3

ot s
16:1 signal output
AN

©

E’_‘
L
L9

1? =13 14

l'-E-

() 16:1 A5 AF7](V-pol) A7
(a) Design of 16:1 signal combiner(V-pol)

(b) SHEILLRF BE HeHH 474

(b) Design of antenna - RF board attachment
J8 5. 4 899 RE7|H A7
Fig. 5. Design of RF board in Rx tile.

Patch antenna

ANT board :
RF board 1
(23 layer) CLT\IrZ c;nspi lgg_cgn_wlglger
connector
—1- |« = —
Mixer Amp
MLB1
TTD ¥
""""" > —
connector
N <~ = ————— |
14:1 combiner
MLB2 I
VGAY

J2 6. 4 g9 YR 235 s2%
Fig. 6. RF signal flow in Rx tile ANT.

706

Aol A7) 019 1/49] 4x46x46 mm (MCU EgH)o|t},

241X} MLB &4

12+ MLBY| F8 752 QHWRFEEMNA 3%
% Aol= Kuﬂl ASE JrobA] TF tQl Ltjo o
2 F34 W3 & TTD(True Time Delay) 2AHE o] 43}
o ‘)“T?Hoi Kl -%iol glo] ¥l A Aol E gt 2 Ed Y
QHll U= A FAIS Slal 4l A oF 500 MHzE A
A 7hsete s AAsf ok gt

weba] o)A Foba W Ho] A HAssh,
F7e] Wl A3 Ad5S Ku e 9] 91 el71¢h L
o] TIDE & FAJstsith v & etel 1,}01] A TID| 9%
= 58 Wgo R R} o) Bag 7} el s

S

Az il Foed ARtEE A3AAS st TID
ez yAste], Fokd §) HolddS H4as) st
itk TIDS] F2& L thejol wixgdo =M, Fzto] ot
T A AAALE Qe AL 5 = e FH As
= A28t skl 167] @919 Qe Wi el = Kuth o
ol 17 Hol71E o &3 WS AHEeleH, o
A A el Lol A= TIDE ol &3t AA AL
TR WH2E, A7 A whE E4A 2 2t

ps, 400 ps, 800 ps, 1,600 ps<]

5 bit B35S ZHEE TTD
£ AASATE TID 222 AJ7EA AL Zhzt

Fol $1Ask= RF 292§ Alojste] o] Fojziny, B
RF switch7} @=tE ™ TIDE +-8J3t= Z2E S8 A7

Aol WA etA] g AA AT AAE Sbit TID
AES 19 70 YERRdth

AlEdolde Tl FA S EgtEiLke] W Hol A
< Hlazste] T19 8ol UERSITh S ol 7R ARE-
74, 500 MHz =3k th ol A 7 60° A1 gF A oF

et off

_d 100ps b__ T || 0 | o L] 1o |
— . 200ps 400ps 800ps 1600ps

Bypass

TTD 100ps

J& 7. Sbit TTD
Fig. 7. Configuration block diagram of 5 bit TTD.



2°9] W A gLAE YehAT, 943 0)7]9 TIDE &
A AR A A Hol LAt BAEA e #relet
SATH

Ku tfejol A L S oz o] Fub Heks 28] PLLO]
39 J488 245 AHEE °l 8 B 25 MHz
9] 71FA 59 QIO Kutj o2 i wghs &
T ACEE, 32 HA 745 73] sto] MLBE &9
T4 3 AY & gaad Ak BdelA Fakg |

3k A= V&H-pol 2t 47 AHEE AT

2-5. 2t MLB &4

22 MLBS] 2 7]%5& MLBHE A2¥ L9 V &
H-pol 27 4709 232 E 41 AY71E o439 V &
H-pol 2t} 17]) A %e}, o —77 dBm A 57} <17} o
—50 dBm £32 =5 A TE T 23 MLBOIA
RF BT 9] 94 del7] 3 12k MLB9] TID A|¢f 4
S5 MCUE 538 A4 2 dgdrt

0\
1\~
AN

‘

[

Al
At
H |

60

o
I

Radiation Pattern[dBi]

A AN
: i JJL |

+
|
1}
ILL,L\A
-180 -120 -60 0 60 120 180 50 70 8 90
Angle[Degree] Angle[Degree]

(a) 9733017] AHE Al
(a) Simulated beam squint error with only PS

fe
20 "

tion Paf

o w

ja
h oo w

Radi

180 120 60 O 60 120 180 30 40 50 60 70 8 90
Angle[Degree] Angle[Degree]

(b) §173 171, TID AR Al
(b) Simulated beam squint error with PS and TTD
8 8. 1 "ol a AlEdolA

Fig. 8. Simulation results of beam squint error.

Ku the $145A0E B 4l s gtelvkel 27

. B 4 2QHE QLS & & 5
M EHE 4 Y QL HIE

Bt E A obe| U= 33x96x96 mm’e] 7] 9} oF
250 ¢ FAIEHY X£3hE 2 S AAEA <Y 5
S 93te] 5V,33V,05V, -3V Ago] AREEH,
F AR A 25 W FFolth I8 9= Al gy

@ A S g E ek,

ku)
me
oflt
o
&
s
rr
K
rlo
m
)
1
fiu
e
e
(] mg
Sl
2
N
>,

B
B QA B4 $ES 459 B 9
3

Aol $E FEE H§5 GRS 1 ST o)l
W BA LS gAY WIFRE A8 A FA

o
54 A2 5 9

32 BfEE U FAYHME L dSAE Y

EFAE A Q1] Gt
Kuthef <ty 2704, 9=
lyzer), 25 MHz 71 28 3+ 5 A F5°] 223tk
Tk AAE 7 B Ku to 23 g3 Lg Y &

. g

Ho|E 2 network analyzerZ -4

J8 9. Bdd A s <ty
Fig. 9. Manufactured tile type Rx phased array antenna.

707



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 9, Sep. 2019.

Gen. Suppl
L Band Freq.
Converter

Bag,, -

Ku Band

Rx Tile

KuBand Ku Band

Network Analyzer

28 10, BQE $4 e A5AE FAE
Fig. 10. Measurement set-up of Rx tile array antenna.

_i’_
A Bedth Y e —é@% A, B
vl 9 o) ool 2HAAZ 2HY 4 9l TAA
4% 2AUE A, il 45AR PysE
}51'
A&

7] 2 A A7) keysight©] E8363BS} ES257DE Al
STk oty 27 22D, 3D ¥ v &4 =29
& (F)AEA ] VWNF AH| S AR5t

33 T 44 QMY Ok

g V= H%ﬂix}, TEIZ I LA
oA 3 QY
QAL WA, ol %é}xl %e
2o} webA A5AE A Qe e
HAo] FQajrh 2 ey 74l 9
Stelv 2 E o] gste] A
EHC] IV S =&
Hlaste] I Apolg PGl +od
HASGTE ofnf 91742 22.5°¢ 914xe]7]
U E BAHE I8 1194 2HAA Z3
B4 A, 39 A44E veplidoh 19 119 &
SEFE IHAA JAFEE([)Q] FH HAl 5
vl 235 yepdoh BAAS 9403 A
oF 180°(5 A4 ~ M) Ueb L A, B

ro,
o)
el
¢

2
(o
frt

olr

o
=)
do X
oft
ol
]
N
N
2

R ]
ox
=2
e

ox
=)
e
2
=
o
3

>~

[
o
do ot
ot
)

o
o

[ S
i
riet
X

0

of

, T,
off =

fo 2
=(I)l=
ofl o2 T mE Y kU o orlr oo

=

o
o2

ﬁro
-,
do

O.

D« T 1/
EP" rir ox
s -\ FIO
o, &l
N

o

708

Y(cm]
153

H B B

a = - -
5§153 -23 -42  -61 -3 0 3 61 92 123 153
X [em

-180 -120 -60 07 60 120 180
Phase(degree)

(a) B QeI B A 9
(a) Before tile antenna calibration

Ylcm]
153

|| I — =" el iy B = =
-180 -120 -0 0 €0 120 180 G153 -123 <92 61 -3 00

Phase(degree)
(b) Bt eI B § 914
(b) After tile antenna calibration
J 1. 2 8 2A4S S8 2HAA
Fig. 11. Measured near-field scan results of Rx tile an-
tenna.

- -
61 92 123 153
X [em]

Blaleteut S1Ake] 259054 o2 248 e A

% gl

34 EIYE oM (Y QL dsAIE At

9 12& $41 g4 rElY V & H-pol2] bore-sight 2
D740 AT AeAE AAE UrEM‘:‘r Foa WS
REo] &4 Aols &4, MLBY o5& A 9% HA
QHEl Y HE9] o] 52 FAlFukoll A H-pol 23.17 dB©]

™, V-pol<- 25.2 dBeltt. owf W% H-pol 11.8°, V-pol
127°8 A=t
}:ﬂ ;(]6‘]: XJQ'-E nl tﬂ x]zﬂ:o;‘(}% ;3)_,.

A3k7] flsko]



Far-Field Chart

0
-4
-8
-12
_ 16
=
T, -20
-24
-28
-32
-36
-40
-90 -72 -54 -36 -18 0.0 18 36 54 72 90
[degree]
Frea. Beam Peak SLLLI SLLAI Beam Widh o
[GH2] Tygie | vertcal |Hort Leval Pos Level Pos Vabe | Let Right
f [ oooo | owe | -owe | -amws | 20883 | 14042 | 22684 | 12413 | 6118 | 6234 | 21901
fc [ Tooo | oo | oow | -9aa7 | 19478 | -izsee | maa7 | 116 | -5621 | B2H | 19.9%
f, ooo0 | -oew | oem | -ai4z | 8141 | 12005 | 1e141 | 103 | -as04 | sem | 18277
(a) H-pol, bore-sight =744 23}
(a) Measured result in H-pol, bore-sight
Far-Field Chart
0
-4
-8
12 /\
_ 16 \
5 20 \
24
-28
-32
-36
-40 A
-90 -72 -54 -36 -18 0.0 18 36 54 72 90
[degree]
o Beam Peak SLLLI SLRl Beam Widh o
[GHz] ["vame | verucal Leval | Pos Level | Pos | vame | Len Right
f. | cooo | -oses | s | -13001 | -z0ess | -17.225 | 2les0 | 12180 | -5638 | 652 | 23413
fo [ oo | oow | oo | 13088 | -2iaz; | 157z | 1aem | 127 | 66z | 6ua | zeme
, 0000 | 000 | -0ese | -10614 | 20028 | -1a70e | an%e | i1ee | -6om | see | 19ax

(b) V-pol, bore-sight =% Z}
(b) Measured result in V-pol, bore-sight

D 12, BLY FA AN e el s 24 A3
Fig. 12. Measured results of antenna gain in Rx tile an-
tenna.

_r]7_], 0°, 01.74. 40° H ’6&) o7 Z]éé}: /\]@6‘}‘ E]' :LE] 13°ﬂ
1) x] Ek/\] 3 2D cut 7§-‘Jr§ ER Sl om,
03

500 MHz tH o} Lol wE
V-pol 0.681° 5 YEMGITE o] & ® A

= 9% Ku
e fdzlel719h Lo TIDS] 2% ol W ¥ &
olLAE Hol A $AEE AUAT & Ak W AF

AgLe Ao 27°9 245 YeiSith o= &%
Ul 4 =71 2 okglu 27 BAL Ea) o]9) Al
o] 7b53lth 1% 14014 Hpol®l bore-sight 2 1917}

0°, Y7t 40° AFE FAT 5 Y= v 3D HE 54

Ku de] 94548 B9 £40 939 el 27

Far-Field Chart

0
-4
-8
-12
_ 16
o
3 -20
-24
-28
-32
-36
-40
-90 -72 -54 -36 -18 0.0 18 36 54 72 90
[degree]
£ Beam Peak SLLL SLLRI Beam Widh
Gain
[GH2] yaine | verical [Hor: Level Pos Level Pos Valse Left Right
fo [omo [ e | -saie - - -2.647 | -16967 | 13276 | -46668 | 3330 | 2225
e | oo | oo | -3asm - - 8683 | -16608 | 14114 | -45868 | -32754 | M.07
f ooon | 1784 | sz i1oa6 | ie27 | 1425 | as7es | 32sel | 19453

(a) H-pol, ph1 0°, theta 40° &7 23}
(a) Measured result in phi 0°, theta 40°

Far-Field Chart
0
-4
-8
-12
_-16

o

3 -20
24
28
-32
-36
-40

-90 -72 -54 -36 -18 0.0 18 36 54 72 90

[degree]
P Beam Paak SLLu SLLRI Beam widh e
[GH2] [T yaie | vertical |Hori Level Pos Lovel Pos Value Lot Fight

fo | coo | oow | -ssom| - - BBl | 1697 | 1330 | -a837 | -3zoms | 12684

fC 0000 0000 -38263 - - -10132 | -17.560 | 13452 | -45655 | -32203 | 19.352

f qo0 | oem | -ara 11085 | -17.204 | 13618 | -45009 | -31.255 | 16162

(b) V-pol, ph1 0°, theta 40° =% A}
(b) Measured result in phi 0°, theta 40°
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Fig. 13. Measured results of beam steering in Rx tile an-
tenna.
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Table 2. Measured results of beam steering angle and
beam squint error.

Beam Beam Beam Beam
steering steering pointing pointing
Freq.
angle angle error error
(H-pol) (V-pol) (H-pol) (V-pol)
1o 39.191° 38.003°
fe 39.431° 38.063° 0.918° 0.681°
Su 38.513° 37.382°
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Fig. 14. Measured results of Rx tile antenna in 3D view.
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