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Abstract

This study proposes the design and fabrication of a wideband (C-Ku-band) active electronically scanned array (AESA) antenna unit,
developed for applications in electronic warfare jamming transmitters. The transmitted beam characteristics were evaluated employing
near-field measurements. The proposed AESA antenna unit features a 16 x 12 rectangular lattice array and utilizes a wideband body
of revolution (BOR) antenna. The system comprises 192 transmission channels, each incorporating a wideband gallium nitride (GaN)
high-power amplifier and true-time delay device, enabling beam steering of wideband signals with minimal beam squint. The electronic
beam-steering range spans 90° in azimuth (—45° to +45°) and 69° in elevation (—12° to +57°) in elevation. The transmitted beam
pattern was characterized using a near-field measurement facility. The effective isotropic radiated power (EIRP) of the designed system
exceeds the target EIRP by 4.58 dB. Additionally, the 90° azimuth and 69° elevation beam steering capabilities meet the specified
requirements across a wide 3:1 bandwidth (fyn:fna=1:3).

Key words: Electronic Warfare, Wide-Band Active Electronically Scanned Array Antenna, True Time Delay, Near-Field
Measurement, Beam Squint
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Fig. 1. Block diagram of active electronically scanned array
antenna unit.
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Table 1. Measurement table of antenna radiation assembly.

No, Parameter Design value Meas. result
| Frequency & | Average <—6 dB| Max. —859 dB
Self Return loss | (F~F+12 GHz) | (F~F+12 GHz)
2 Gain >2 dBi Min. 2.42 dBi
3dB BW <—45° ~ #45°<| —52.1° ~ +56.6°
4 Active RL Average < —10 dB| Max. —12 dB
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Table 2. Measurement table of high power transmission

assembly.
No Parameter Design value Meas. result
| Frequency & Average >14 W Min. 147 W
output power (F~F+12 GHz) | (F~F+12 GHz)
<0.5 dB Max. 0.46 dB
2| Ampli

plitude error (RMS) (RMS)
<2 ps Max. 1.85 ps

3 TTD error (RMS) (RMS)
4| Channel isolation > 30 dBc Min. 42.84 dBc
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Fig. 9. Picture of active electronically scanned array an-
tenna unit.

731



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 36, no. 8, August. 2025.

Near Field Chamber

Hear Field
Scanner

ouT
Control

RF
Measurement; a RF IN
Data
Scanner| Network ~ Amplifier
Control Analyzer

e

Near Field Chamber Scanner  Measurement  System
Control Computer Position Analyzer Controller
Controller

8 10.
Fig. 10. Block diagram for transmit near field measure-
ment.

$ 2H0A Y PAE

1™ 103 2ol F41 ZHAA Ae A UE
YAEA7IPNA-X)E T3l £ W HE 545 A5

W) o
A 548 AU 2407 4 2 A

—l
i
e
r_|_4
)
:L;
an}
O
HU
g
l‘;‘
ofr
2
5
053
r> do
o

FHEEF u‘ 5-3}0] 7}*& 27<} o4 A ’)6\“

= 9 4 AAE gelstr] Hs) AA &
(F~F+12 GHz)el A W1zt 27t Ao 4]
EeekE 20709 W 23 A A W si™
H= gelstinh 18 112 AA 85394 Y
3} oM FAFI4=(F+6 GHz)o141¢) 2D ¥ ="
S s AAA e 2EF I
Yo AIZAA FoE W 23 Alojste] B
] Ho] & A 9o] | =] Z38Fo) 7]-_‘:6’1-£L 3ol a4t
T3 2 Boresight ¥ 23F QoA 41 W #fH
o] WA B Z(half power beam width)} FHF=9 =7]
(side lobe level)9] ¥$1ztzt 77} whko] vl Al &2 OW
TAAT AA 4450 I8 28 59 $E F

2 g N AN N BN ofo X Rl o oX
) E Wy i

< |

it

oz

PN

099

il

N 2 o o oX 0% N off N i ol of

d

732

Ppu— Pborn Sentto 14 o Scniho 83 ot Sorans Pattorn Scatto B

P o G O G

(AZED=(-33,45)  (AzED=(-17,43) (AzEN=(0,42) (Az,E)=(17,43) (Az,ED)=(33,45)
[ eminsosen P semors vt s
6‘3" ‘@" '@' @ ' @ |

(Az,El)=(:39, 25)‘ (Az,El)=(-20,22) (AzEN=(0,21) ’ (Az,El)=(20,22) (Az,El)=(39,25)

L Patern Scatia 113 Pater Scamo a18

@I‘ :'@I: @9:

Patect Scatia 113

P @

(AzEl=(-43,4) (Az_EI) (zz 1 (AZED= (nu) (AzE)=(22,1) (AzEl)=(43,4)

A L I Y .
| @ I @ I @ I @ S |
(AzED=(-48,-22)  (AzEl)=(-25,-26) (Az,EN=(0,-27) (Az,El)=(25,-26) (AzEl)=(48,-22)

a8 1.8 2% A 2D W HE S ()
Fig. 11. 2D beam pattern measured result of beam ste-

eting (fmia)-
2 HPBW @ Azimuth 2 HPBW @ Elevation
- - -

2 —&— Measurement 22 —&—Measurement
. ol I i
g1z £12
T T10

. .

. .

. .

; .

. .

F F+2 F+d F+6 F+8 F+10 F+12 F F2 F4 F+6 F+8 F+10 F+12

Frequency [GHz] Frequency [GHz]

(@) 9% B
(a) Azimuth beam width

DEEEE:
(b) Elevation beam width

SLL @ Azimuth SLL @ Elevation
—o— Simulation
—6—Neasurement
Design value

—e— Simulaton
—8—Measurement
Designvalue

SLL [dB]

12 12 é: : 2
En :: ; : 14

F Fr2 Fid Fi6 F+8 FHI0  FH12 F Fe2 Fid 5 F+8  FHl0  Frl2
Frequency [GHz] Frequency [GHz]

CRGRESES @ 27 T929)

(c) Azimuth side lobe level  (d) Elevation side lobe level
I8 12 9% 2 R9E9 AR 2 2523
Fig. 12. Simulation and measurement results of beam width

and side lobe level.

Atk Hd] Fappel A Wzt WES Al EH o]
3} 543°, 2R A3} 5200 17 HEZE AJEH o]
3 7.26°, 2R A 3} 7.02001 3, AA F kol A
AEe AEdod 2443 —12.13 dB o

Mr He
X X

oL i
_‘_0‘
&S

R A S )

oft
e
e
o



Effective Isotropic Radiation Power

P+15

P+10 |

P+5 E

o

E
5
T P
x
w
P-10 .
—6— Meas. result @ beam streering avg.
= = = Meas. result @ freq. & beam steering avg.
P15 ¢ = = = Design value

po5 L L L L L L L
F F+2 F+4 F+6 F+8 F+10 F+12
Frequency [GHz]

O3 13, R EFPEAEY S92
Fig. 13. EIRP measurement result.

3} —122 dB ©]3}, 17t FEE9 = AEH A B A
—12.64 dB ©|3l, 24 A3} —11.58 dB ©]3tE EFASS
mEelS golE Y, AlEd ol B Aget AYE]
AR 07 A ZAHE AL el 4 ity 19 13
FESUAEAAEERP)Y] HxA 5 912 f8) 2 5
TR 20709 W 23 A - A S48 EIRPE B £
3 Pgo 2 FAsY, BE Tl SAS W X3
A EIRPE T3 Hg o= FAsty Fo4 9 ¥ X

x| %

Z =
= - i
o), A& Al 1 dB 9] WIS

HAALAE HeFozA

frl

o
o
oX
u
=)
|o
il

V.Z E
B Rt A0 159 A $A8Ad e
T4 9, BEAY AEE B3] Ad weA 25
2AE WOE & FHG AN Y 2T W

i Error . g Error @

BeamPoirtingError(dea )
BeamPointingError{dea.)

B 4
! F+5GHz F+6GHz F+7GHz F+5GHz F+6GHz F+7GHz
e T e i e > D et watetr il sttt sty i >
-5 -15

! i3 ¢ s 7 s s omom v

: Ire;Nn
@ W7 W 23 o ) 2% W 2F oA
(a) Azimuth beam pointng (b) Elevation beam pointng
error error

Difference of SLL @ Azimuth(Boresight

Difference of SLL @ Elevation(Boresight

SLLIAB)
SLLIAB)

-
F+5GHz F+6GHz F+7GHz
e >

freqNa freqo

© W97 BRAF Aol (@) T2 RIES Ao
(c) Difference of azimuth SLL  (d) Difference of elevation
SLL

SCRVEEEERE FEBER-ER T e
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