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Abstract

Conventional microwave heating methods have the problem of uneven heating due to non-uniform power density distribution.
This study aims to realize uniform power irradiation over a wide area by controlling microwave beams using an array antenna.
We investigated the use of orbital angular momentum (OAM) mode beam patterns generated by the uniform circular array (UCA).
First, the number of antenna elements in UCA and the number of irradiated OAM modes were determined based on array factor
calculation. Second, the symmetry of beam patterns was improved by using a sequentially rotated array arrangement.
Electromagnetic simulation and measurement results of the designed UCA showed that the average power density distribution
could be made uniform over a wide area by switching the irradiation modes appropriately. These results validate that the method

of switching OAM modes is effective to realize uniform power irradiation for microwave heating.

1. #%

~A 7 BN, B Sz~ A 7 rox L b%, FOREND, BT Lo DITRFEEN D EINE
F—DPNBWNE CENC DD Z LT, MRENE 721 Tl BESTRER S LW olcfkx 7 mt R
DOMENG 5 Z ENTTREARFIETH D, MEEZON  ~OISHNBR SN TWB[1-3l, £7-, Ak - L
BURDND OREE O TR Z SN DI 2i8%  HICBIT 2R EATH Y | ROSHE O md ks
OIEATFIEICT LT, @il DR MBS FTRET  (KIHEBE/MENEBL STV 5 (4-6], FEBIZNRIC &

25



JEMEA Journal Vol.7 (2023. 12)

HEMELOAR BIER S TEY .,
2R DHEDHIF STV D,
~A 7 BB T RO E R 2 O T INELT
ERESHWONTWD, IS NITINEGURL 2 3 E
L., ¥ 7 el Eifses 2 L TREHC~ A 7 a i
ZIREG 5, 7o, SR ORI & RS Lo RS O
HE O, BN S e o To~ A 7 v il % SO
SHFERBHCRANT 5 Z &1k 0, LY &Rl
BNAREE 725 [4], —5 T 2D ORI O NEL
EEITENZARH - HRT2EREOT— FIC L0 2%
BN CTH— 72 IRE A5 DL D EEAHIR S 57
D, RIS L TR OE— BN IR & Th D,
FORERRBEZNAT H7200%EFE L LT, EF L
VURRE LT HYATFE— T Y r—E NEET
%o IHRERND~ A 7 il &4 L SO ER T —

REFHRAESEDHZ LT, RN SN~ A 7 v
BENL VI — L7225, LML, ZOFEL EEROE
— REFRAEIEDLTH, TR L > I EZR
bivsldl, £z, 7o X Lt — RO LD HEiE
WO IERER T IRIE AT 2D 2 E N TEIRVEH K
RThD,

R 7 O RRECHENTZEREZHH L
A7 BPIEFIEE LT, T T TnbD~A 7 vk
WRENZ LA MEDM T T AT, BHET T e L
TTVv—Tr7FT2H\H T, BE—AT74—3I
ZIC R VFTEOH N~ A 7 a2 ER L THRFNT S
ZLEMHRETH D, 2. T L—T 7 Hr b —24
T4 —=IV T TR, BhE—RICERSELET TR
<. BIEBENILEHHTY—L2577y My 7'E
—LOERNATRETH DI8l, ZD KD )~ —La%
R HZ & T RHEIPIC A TR~ A 7 a gt
THIENAREL 2D, TEROY)—EIIE—LDAERK
1. sinc BRSO IVIRD B — L8 F — L DB
IZRDFENRLV9-11], —FT. ZHHDOFEITERK
THE—LENELJBHETH Y, 122507 T
T EMELT 5, 2T, AW CTIE BRI O#LE 4
JE#)E (orbital angular momentum: OAM) E£— K23
H O — L RNE—NCER LTEHT IR E B E D
B AbTFEERET D,

<A 7 aiSHAD

26

2. OAM E— RO E—L/IE—VERAW-BHBED
¥—EFik
2-1. OAM E— FOEEF S
RIS S O ER RIS, WEICERT A A
W2 LT,
ZE DA AR DIFHRIZER 5 OAM 2MFAET 5 Z
&EDENIH AL T D [12] ARHEE » OO BRI T
— N cREh, £ — FOEMIEIT Fig. 1 1R
T &I O A > TEi T 5, =it
JE& U OAARIE 2wl rad 72T EHRT 5, A OE— RIZO0
TSR #RE L 725, ZhbOE— RICIEE
R H O | A B K D RO S ERED ATHE
Tdh5Z L5, OAM E— NITIESEBE BB T
IR e ST 5 [18,14],
Fig. 1 TR L7-ATFAEHRORFHEIC K
— NIl EAMARRR R & 720 |
L7725, ZHUT XY | ASHBI Z FREL R 1 CA T
Do3AiIE Fig. 2 D L 5 72MEiko a2 — e %, |
DOHIMZfE- TE—LAENRKE L 2D HERORIZ
RaL 725018l

&SN (spin angular momentum: SAM)

IF0OTHD
i&ﬁ%@*#

Fig. 1: Helical phase fronts of OAM modes.
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Fig. 4: Generation of OAM modes using UCA.
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Table 1: for OAM mode

generations with sequentially rotated array.

Excitation phases
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#1 Oo Oo Oo Oo Oo Oo
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#3 -90° 90° 0° 180° 90° 270°
#4 —135° 135° 0° 270° 135° 45°
#5 —-180° 180° 0° 0° 180° 180°
#6 —225° 225° 0° 90° 225° 315°
#7 —-270° 270° 0° 180° 270° 90°
#8 —315° 315° 0° 270° 315° 225°
Observed Phi
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Fig. 12: Comparison of simulation results for axial

ratio of single antenna element.
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Fig. 15: Fabricated 8-element UCA.
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