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Abstract

This paper proposes an array design process to determine the array interval required for generating frequency-invariant beams satisfy-
ing the target beamwidth and frequency bandwidth. The proposed process used a planar array configuration assuming a phase shifter
with 3 bits to create the target beampattern. The weights were calculated using a discrete Fourier transform and applied to the array
to produce a frequency-invariant beampattern. The frequency-invariant beam characteristics were compared based on the antenna interval,
and an optimal interval was selected based on the proposed evaluation criteria. Analyzing the beam patterns under the optimal config-
uration confirmed the frequency-invariant beampattern and the absence of sidelobes within the 3:1 frequency band. Additionally, the
analysis of the generated frequency-invariant beampatterns represented simulation results with small standard deviations below 1.7° in
the target frequency band.

Key words: Frequency-Invariant Beampattern, Design Process, Broadband, Discrete Fourier Transform, Array Antenna

.M 2 2 GASE 71ed 0P 20t A 28T 9
NP, QupmoE BA AEe W FA s
A2 A3 O EEA S8 Ropol) R AF W Wi helUsh AR EY, 7 W St oe) 4415

287169 471883 (Department of Electrical Engineering, UNIST)

*LIGY A9 (LIG NexI Co., Ltd)
- Manuscript received August 31, 2023 ; Revised September 18, 2023 ; Accepted December 26, 2023. (ID No. 20230831-068)
- Corresponding Author: Gangil Byun (e-mail: byun@unist.ac.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial 865
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 12, December. 2023.

Ho
ox
oxl
219
il
N
FE
|o

T

N
=
o

>,
>,
ol
ol
&

N
=
I
2,
X
2

o
:|o
N 12
i<
3
AN
o|N
AR
ok
&
O, rL TS
ox

o

ol
o3t

o

N
oX,

o

=

ox M8 >

=5
==

o
of
)

ol
ol

A At ol *Jz‘zim
_/I: 011’4-. 1:1:3]. }\]/\E'ﬂ
of wet AT Ae W
71€] bit 77k nd W 7HE Qe
& 3602"0) g wjut 7St E
A&ARL 3= 7H 92719 bit 7t A
379 7Hsg 9173 T ask o= Qs |
A oH, whehA bitz A
& 7hsg Wl vt
M FEHEZ 7R NS 28T | 270 EERIE

°] ”“gfé‘ T S’\l“/k 53], AR BoklA = 3:1 o149
A

1o

(ST 127

ofd
o

XN g > 1o fir
> A2 o
ol
tlo g oo
o
i\
(o3
o
>

ofN
z °)
X
>,
N
>
am

—l>
= 2

I ox
N
o
;ﬁ
¢ o
1&13
>,
e
2

&
X
r
Ho
ox

mlo
do oF 4y

Ny flo BN

4z

1o

W

N

~

o[\

N

o Mt

N 4>

)vO
d
oR oA

1

T
12 O ox > u mr o do ot U fol

r_{

S7HEE, IFTg
= AFLE A% AV FEHA,
0131 Xﬂg fdshs WteZA, Fu #d §

(frequency-invariant beampattern, FIB) 7|&¢] 282 & 3l
o7 U 53X FIg g gox g4 UEE 7H
S Adste 7leolH, thedt g 71vke
74 W A Aprh AsE Ao Ty okey
g Ao wel 79 W 54S W, o) F 53 F
Ao wjd s AAlste dFe 53 A%t

B AlME Bk 79 ¥ 54 nE 27HE F
A9l QU il g g R8s AA ZEAAE AlSet
At ZRA 2NN E BE YAE S A, g W
RS F gl A7) A8 9 W teAE A
Atk #d W 7HEAE MATLABS #43ke] IDFT
inverse discrete Fourier transform) Al4HS F3l] L& 4
Rom, AE 7FEAE isotropic source WAFNE S 7F
Ak Mg ey A&t oEN Y WS AT F

Atk AAE 74 W SAE H7tsk] A8 #dE UE
= FA%e FI4 o Y(frequency-invariant bandwidth
ratio, FIBR), ¥ 7AW A, 942 Z (half-power beam
width, HPBW), grating lobe free range A Al 3Tt A A] ¥
H7t 7102 Mg A mE AAE 7Y W S48
7tsta o] 7IWO R HEHOR Ex Y BEA4s T

1=
1
Zohe g 1AL BEUT £, Ak A Z2A

866

229] oA E AAEIH Y T3 TS 6~18 GHz, $l
Ao 719) bit F= 302 7HASIA T AA ZEAA
g8sle] HAHo g 7H4S &8 #d ¥ 54
gelstoith

o ru

II. MOotel i MA Z=2M 2L

2% 18 BE YR Aol sl 44 E

T e Y ML EEste ZEA 2R FUY &
4 W HEE Ae] AsA, BA Eskll A
WEH BY $F 52 Tl ST A9 ARU 1
F el 51 AdS oA st At
ol $89 WD G e a7 $8 AR BT 44
Start
Set target pattern
(HPBW . SLL)

'

Set antenna number
& array configuration

'

Array interval sweep

/

FIB weight calculation

'

FIB generation

\

No
Evaluation criteria — Exclusion
‘ Yes
Array configuration
candidate

="Array interval decision =

'

End

J2 1, o 9 AL 93 F& ujd A Z2AH X
Fig. 1. Optimal array design process for frequency-invariant
beam generation.
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Table 1. Evaulation criteria of FIB characteristic.

FIBR >3
Beam coverage +45°(Az), £25°(El)
HPBW,, (0) > 16° (6=0°)

HPBW (frequency)

< HPBW,(0) £2° (6=0°)
< HPBW,(0) +5° (>40°)

Grating lobe free range 0 <45°(Az), 0 <25°(El)

Normalized gain (dB)

Grating lobe free range |
—— >
HPBW,, i

28 2. Yoy 3 W) B e
Fig. 2.

Target beampattern for generating frequency-in-
variant beam.
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Fig. 3. Array antenna configuration for frequency-invariant
beam generation.
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