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Abstract A contactless phase shifter using an electromagnet is proposed and used for design of a single bit reconfigurable
reflectarray. Magnetostatic force penetrates a reflecting plane of the reflectarray and attracts a reflectarray element. As a result,
height of the reflectarray element is tunable and phase of its high frequency scattering field shifts. Although magnetostaric
field can penetrates the reflecting plane, high frequency field cannot penetrate the reflecting plane and the electromagnets are
completely isolated from the high frequency field. Therefore, insertion loss of the proposed reflectarray element is negligi-
ble. In this report, scattering performance of the proposed single bit reconfigurable reflectarray is clarified numerically and
experimentally.

Key words Method of monents

- 46 -
This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.
goooooboooO00oobDoOoO0ooOoOooooO0OobDoOooboooOoOoDbDboOoobDooo Copyright ©2025 by IEICE



1. FANE

ERFBUERITRICBWT, il 7 YT FE2 D X5
EFVUITED, LW RISIERICEERMETH S, HIEL
K7 V7 FOETY V7OV E O F FBUEFH AR R
EizkinR - T 2729, BUREELARS T VT FOETY &~
TOHEEH>TWB Y, 7Y TFREITRETERNTH 5.

TERESFBERTED | D THBE—X ¥ METD, HELAKS
7T FICEATREZETV VT OMEDBRINTEL]. E—
XY MK, BELRSR T VT I TR ERRESEERDD
Wiz 3 & D REBERA R EAMTERERNBE L, ThE
EINCRD 2 FETH 5. RHMOEBERFALOBME S, BEL
W7 VT FOBHIEMODEAT T4 v 70—V BKEED
BAABEROETRE SN, THIFEXZMEL 2 TRAIOE
maRdDoNE. ZHET, RT V7 FPHIRT VT FOE
T, BLUBERODWEREETT Y V275572012, Ik -
MR - SLARTEIR D EEBIR D E N2 URR I N T E 2 [2]-[5].
Fiz, IR ¥ 7 FOERS 2 EBINCHIRO BRI TR
HEBEDDTAYRA YL 2aEFY V7%, MIROEERKL
HROBEEF BRI R T 27200 af ¥ bRy FE
TRy MNEPRBRINTWVWS [6]-[9]. HEMEDETY V2K
B LT, 7AEXry THRESPI VAR Y ¥y v TEE,
WIRRABESEIER SN TETWS [10]-[12]. H2IEEH-7-
HIR7 > 7%, ZRLEMiRIRIKT ¥ 7 FIcERT 57200
g ¥ SRR D EFNNB /R I N T WA [13]. IETE, KRERIC
BIZ7 T FOEKETY VI BE—X Y MER—ATITS
FER BRI TV S [14]-[16].

CZEFTHRNRNTELE—RXY MERBY 2HELKRSL7 > 77
DETV YT DOFEZ, WTRHEELIEAPR T VT F O EEE
ERAyTallRBT32LECEDEIRCETVIITEN, &
WO BRI > T HETHZEPHEL TWE., D X5RG
X, BELAS 7 ¥ 7 F oY EE TG U B R
LTEL OT, BENCO2 DT VWKE, BEHSRP T > 770
P A XK EL R 2 e BANCE AR R 25 & v 5 EA
EHLTWS., ZOMRE, KELRBELRS T > 7 F ORUEMRNT
WIEWDHW 3 EHE— X ¥ MEPRLEE 25 [17]-[22]. Z2D—
FC, ERHCABIAR 5 7R Y, BRI L TR E RHELR
X, ZOBEAD D ZZEMD ) — Y ERERDZ 8T, X v
a7 V—TETVYITEBILHPHSLNTWS[23]-[28].
Bl 2 \REERRHAR D B 2 DR A 75 4 v 7277V — Y EEEH
Wae, ZOXATT 4w 770 —VEEDHRD SN2 ER
FURIRIRIIAR T2 bsitife TR E R BB 23
DT, HERHRZD S O EAMTERAELREAT S X 5LE
TERAEE UTHEDENZ. ZORE, ERHRDH 3
ZHOEA T T 4 v 7 70— VBERWZE—X Y METIE,
RN DBELIR R 7 > T F DA E X v > 2127 HI LT,
ZIRFCRADOEREZEFIEL DT, HERMIRKDX v a
TV—F Y VIDPAERETH B, MR, ~4 272 Y v
7T FORMEFRITC LR LIZAVWSh 2 2 EIRE M 7
V= VBEBEHWEE—X Y METD, ZREEEIEIA Yy 27

V—7Vvrxh5b.

Y IZAT, EETRERXRZ<T Y 7L BUERKR,
RIS(Reconfigurable Intelligent Surface) 72 ¥ O A #AMEEH 7 >~
TFO—E e LTHWSHNS K 51272 o TETW3[29]-[31].
O &SRNGS X, BRI L TREER#ETHE
MZNDT, Wb Floquet D EM % F W THERR & kg
W25 2BV DET A L TBIERT S 2 DB EATH
5 [32], [33]. &A%, AMEEE zo—cK>7 7+
&, 7 ¥R L R BIATES XA TWw B IR
572D T, Floquet D EF % T HERR EHIRS 2 B 3 AL
LA DET VA L CTBUIERNTS 2 2 WO EABHZ R,
ZOFEER, FEEE 2 0—RIcio 7 v 7 F OBUERT T,
SR &7 v T ek e BROMEL LTETV V7L
THEUEMRNT T 2 fthig g, andodb, 27y v 7F2kE
Xy aBET s rEZHERDT, BVHERKMES»2%. &
D &SI, FHINESEOBUERITEEE D ORMNATS 2 e
TE2H00, AMER 20> 7 > 7 F DI
ZER P ORNBINCAT O DIFBEG TR, 2O XS RFED
BFZEIE D 720 [34]- [38].

Z ZTAME T, 2 ROuERAEAMEEZ X v 27 —T
BTV ITTEFEERREL, T—X Y MEANZLEICHT
% [39]-[41]. $RFEERE, HEHRSCZEREOXA 7T 4 v
7' — BRI ERERT, 2 KOrEREBED & O Kt
DFGHE, ZORMREREEOCRA 7T 4 v 7 7)) — VBB
RTRETZ. BAT7T 14 v 27270 —VEBOFRRAE, Kt
{%%% % & s Propagation Factor D7 IAMIENTHIC KD 5 Z
EWTE, RIMRE DTS 7201 Floquet D ER % W 7= &R
FEAREGE O BUEMRNTIC X > TRDZMEEFIHT 2. 2 TR
FEHRE bicd 2 ZFHOMEERKEIE, Z0X5ICLTKRDE
BAT7F 4w 7V —vEBICE—X Y MERBEHALTAD -
HHEA Y E—X Y ADBTRHT 5. EEHIKSCZEHED X
AT T4y 70— VB FERRIC, $REETE 2 TR
s E 27 ) — VEBIERTET Y VL TWEDT, Z0F
BizXy a7V —TEFV I TES. ZOME, HEET
X, 2 KOCEEREIIRGE Licdh 3 7 > T F OBIERRNT D 5hEH
WHEITTES. £, 2 ZOrEREEGED & O KROS5
D—EREETHNC, RO ZEERNICERIT 2 22T, £EBIR
DEFPHM 5 2 ZUHREAPBEDA v > 27 ) —ET Y ¥
IWAREL I o TV D, AHE T, REEOME & JfHEHHE
flzRL, ZOEMEZHSH»ITT S.

2. REZEDHEE

X 112, 2 RonEERE RS b 2 IR BRlR e RT.
BIR e B R OB RAE T 2 ERFUE, BIR:BHSOBOE
By, 2 JOuERE S, S ORI TH 5. 5, 2 Tk
REHHEE»SETC I TT 7 2 v Y MEQRHEDNEHTE 2
CARGET 5 ¥, 2 KoTHERR ARG 2 & O KEHRIE 2 T Floquet
DERE-FOBWATERITLIL2TES. ZOLE, 2
TOTHER ARSI D 20 b ERRD XS AR T I ENT
%, ZEHED ) — VEB R, SR TORHRE - &

-47 -



z

Observation
point (z=z)

Direct wave
Source

(=)

Reflection wave

y

T
Two-dimensional infinite periodic array

12 JOCHeRR A s i & 2 IR & Bl R o —H4.

BREE W) — VBRI T2 OBRICEDSRITE 5.
Z JEE O R - FRREBSTITICE S 2 Dwexf L, 2
TOTHER E IS O 2 U3 3 L D EFTINc B s vk wgs, Bl
£ TIT BRI BUEMRNT RIS FE L T2 DT, 2 KILHERAE
WIS O RGHREL - SR ABUE T D EMEFTHE TROTHREFEL T
BRIV, 22T, B B 2 ZOTERAEE D

iz 20T, BIR - BRI Y 2 KOTHERR IS 13
WENLTHET S, Lo T, TOHRDTEBITIXIVDIZ

2 ROTHERR E NG S O SHREZ W TH b, EEHRBIIRET
H%.
2 RIERREIARE D B 2 ZIC B 2 XA T T4 v I 7
U — VBB ORMREIE, ZEEEEMO 7Y - VBB 5D
BHET, UTO LS ICRHTE 3.
= —D —TE
Grr)=G (r,r)+G

’ ]:TM ’
(r,r)+ﬁG (r,r’)

0

=) = VYV e Jkolr-r'|
G rrt)=(I+—)———
(rr)=( k2)4n|r—r’|

— 2r
S e ~ —Jk0¢¢ /

kxy' (pxy_p;cy)

FT sin6’d9d¢ (1)
— _ 1300 2 n
@TM(r, r') ~ ]k000/ ”/ " oKy (Pry=ply)

8n2

F™ sin6dodg @)

ZZT, r=xy.7) BLEr=(x,y,2) ZFNZENHIF
BIAONENZ b, k= (ky, ky, k) (& EHZER OB 2
BV, Ky = (kaoky), phy = (X\Y), pyy=(x.y) TH3. ¢
BEUOZ, ZhehREBERICBEITS ¢ HHAB LK 6 5
DUHINY MATHE. G 13, WA HENANOTHL
ﬂfBTé EEE"“FH‘?@&/( TTFA v T V—VEBTHE. G

%iUG W&, 2 ROTHERR A AN E 52 & O KA O TE B9 -

TM AW ENENNIRT 284 77 4 v 7270 — YEBODR
PIERHTH D, Floquet DEAE— FIHIGT 2T DA% &
GRETHL. FIEBLU FIM iZzh ez TE K, T™M D
Propagation Factor £ MHIN 2 HTH D, 2 KOTHEIRE NS O
SRFHRECR IR & B O 7 B, (AR OSSR YRS
PHTHS. 2D XD, 2 RnRENMEED H % ZEMics
FB3XA 7T 4 v 70— rBEBORMRRIE, BE,SOE
i e 2 TR E G2 S O AT OERE bR TRI M

%. 723, Propagation Factor, (1) B X (2) RDEHIZ, X
BR[39] ZB& 2SN,

2 RLEMRE IR E D 2 I B I 2 XA T T4 v 7 7
Y — VBB MRB 2 E R EDTERICRALTE=—X Vb
BRI % &, 2 RouHERRE IS 1 & 2 B & SR o
Micdh 2 HOMHAEA Y =X Y AIL T LS IcRHE 1 5.

Zij=ja)po‘//5//5’fi(r')~E(r,r’)-fj(r)dr’dr

=zP 4 ZTE L 7IM

—D
ZB =jw#0/5-/5’ f;(r')- G (r,r') -f;(r)dr’'dr

=jwﬂ0f/,fi(r/)‘(i+%)

e—Jkolr=1’|

T' f] (l')dr dr (3)

TE _ - vy =IE ’ X ’
Zij = jwug f,(r)-G (r,r)-fj(r)dr dr

~ w,uoko /‘2ﬂ/ {/ j(k)‘y'l’xy+kzz)(fj(r) &)dl‘}
Flfd(e, ®) { / el Mxy Py =k (£ (") - &)dr'}
SI

sin 0d6d ¢ 4)

Zl.TjM_]wﬂO//f,(r) G (rr) f;(r)dr’dr

2
. a)/JOkO/ / {/e j(kxy'pxy+kzz)(fj(r) é)dl‘}
™, 9) { / ol o P2 (£ () 9>d"}
sin 0dOd ¢ )

TIT, fi(r) BEOL;(n) 1%, 2z i PROER % EH
T BRBIRL, B BN OERE EM T 55T TH 5.
S BIUSIE, zhehf(r) L fir) PERIN TV S
DEMTHE. AT T 4 v 277V —VBEROEMKRBAFH
KEFOETRHINATVIDT, @) XBXU ) ROKHT
&, & BRU S ICHY 2 =R O BERIC R S h Y
Ko TWwd., 2B, HEROFGITOWTE, G) Xhsd

LMD T 75yt MEOFEETERETHILNTES.

3. REZXEICK ZHMEFSG

I ITIEREBEC X2 BUEF AR Z RS, K2R3 &S
72, BROBIRE A R—L7 L —D 572 2 FIRECERR D LIz,
RAR=NT VT FrEVMELHICE 5. ERORIKRK A
R—=IVT L =2 572 5 BREGERUE, Wb 258 H D JE
BEGEIIRTH 2 Z e IO TED, FEE DRI O BREK
ERETL, ZhLANOREBOBHIEIEEET 3 [33]. KR
DROYICT ¥ T FE RANFERBGERIRE BB L7 2D & 57
WiEx, 7> 7oL —X—fELMmEz R e2b, 7>

-48-



2 HEROHIRE A R—IL7 L — 572 2 ERECERR Licdh 3 &4
RK=7 77,

#=90°

] JUSIOIFO00 UONO[FAI JO dSBYJ

0.5 m, w=0.01 m,

Magnitude of reflection coefficient [dB]

7 J-120%
dx—d_y—0.6 m, /=300 MHz,
TM incidence 4-150—
......... bbb ool e odd
150 10 20 3 50 60 70 80 90_180

40
A[deg.]

X 3 EEBCEIRR O KEHRE D M ERHE O —H] (yz T, Eo (TM A
4, f =300MHz).

TFELWIRCEESE 272DV S 3 [42]-[45].

3, O &S RAFEBIERIKO KR O MEERE %, B
TV — VBB ERWEE— XY MEZ K o TRD 2. HIEBEK
L AATRIEIC X RWG BEECE IV, IR T ORFEME L' Hospital
DEE FAWTRE L= [4], [46], [47). BER AT X—&Z %5
Z 7z Bwald Z#1% fv, B ) — VBEBOIGRE R iE L
7= [48]- [50].

JARRZ Y — > BER B T8 & M7 RIREGEIRIR @ f = 300
MHz 128 2 KRB OAEREO—FI 2K 3 1ITRT. yz H
DAFA 6 =0 ~ 40° RE OHIFHCII KR OIRIED 1 T, {7
HANEIE 180° 725 TWB DT, ZORFEBERIZZ DL &
BB RPIRD XS WCIREHTES Z e 35 b. ZD—HT,
yz D ASA 0 > 40° FREOH#IFATIX, RKEHREOIREH AS
A O L TIRA WD LTV DT, ZDORFEEBGERIEZ
DEEHLEPDBERTHIDPDEIICIRIEES e Bh 5.

Z D &S R EPEEFRD FIc#iE 2 Z A K= 7> TFD
ATA Y =R Y 2D FFEEER R 4 1, ARG OAE
FEER S Iz 2iuRs. K412, fERETRD 7=
BIROZNWT YT FDANIA Y E—F VR, TxT DERD
FIBBCEIRN L icBWR T Y T FDOANA Y E—R VR 5E
DR LTWS., K4hs6, BEETHONET VT FOD
ATA Y ¥—=& > Ri%, Tx7T DERDEEBOEFR B W7

200 S L et 2100
F— w/o FSS ]
F——- w/FSS (Full-wave, 7x7)

E w/FSS (Proposed)
_150F 1 -0.4m, 1=0.5 m, w=0.01 m, 150
S [ r=03m,d=d~0.6m,L=30 =
3 E S
g f o
2 100 | 10 g
5 F 1 <4
- : N o0
I { 2
= ] =

s0F 150 2
(f 40(-)100
Frequency [MHz]
K4 A4 v¥E—X 2 20REEEERE
¢=270° _ #=90° _

Ne—————

[ —— Ww/FSS (Full-wave, 7x7)

t ——- w/FSS (Proposed)

t /,=0.4 m, =0.5 m, w=0.01 m, h=0.3 m,
10

- d,=d,=0.6 m, L=30, /=300 MHz ]
t E,on yz-plane ]

Directivity [dBi]
[
T
|

_20:1..|..|..|..|..|
O[deg.]

B 5 AREPEREOM[ERHE (yz W, Eg).

TUTFFDANA VR R R EL B LTWE I
Moo 5. BRI & O MR OFET, FICETDOR
WEERHEICY v AR SN 2D, ZOT DB & —K

LTW3. 353A, REETIIEROERECERK 12 2
72T F OBIEENT 21T > TV 2D LT, RERETITER
DEFEBOERK LCH 2 7 > 7 F OBIERT 21T > TB D, B
BEICEBUERNTOET AR ZNENRER 272D, ZhbOfER
BT LS RT3 LRV L ICHEERARETHS. ¥
5 OfRMAEFE S, IREETH LN T T FOfsmERRIE,
PERETRD T2 7x 7 OBRORBRBHERN HicE W7 > 7
FOZNEHER L —HLTNWB. K7 TFTiE, f=300
MHz IZ8WT 6 = 0 IEWHRTT ¥ 7 F 5 6 OREHE & FE
BOEFIRD & O KEHEPERED G S X 5 RiEICR-> T3
B, ZOMTBERMEICDRERNTE D, 7dBi REOFENES
NTVWBZEeRnh5.

BRI D | PESRIS FEIRBOEIRIR & 2 T HERR E HikE ©
BIRL, Ry >¥aZV—TETVVITEDT, T—X ME
12 & BEEIFNT OBRIZ A v & 21208530137 > T FHE07F
FTHY, ZOREBIIN=11TH5. ZO—5T, {EkKE
VR ECEIRNR E 2 ZOTARRERIME Y & LT v > 2 sl

-49-



LTEFY I TBDT, E— XAV MEIZ & 2 BIEER ORI
Ay ¥ alZ5EIT 20T VT F G b FRIREBCEIRRER 7 o W
FHTHYH, TODEFIIN=746 TH 5. ZOHR, HRIKC
& 2 AR O BUESRHT I3 2 ITEI D% 5 IR 5 72
WL, RERETIZ 60 EREORMABETH 7. FERE -
kiR, FHEREA A v & 2 DERO 3 BICHHIT 2729,
[ UEFAEBERNTT 2D THIUE, TF AP DOKME
B2 213y, BEREOHDFHEIZ F OB A TRERE
kO EMTHS.

o X3z, BREC &> TEREAREE Lich s 77
F OEUEIENTD, BRI O+ RIEETITZ 2 Z e HL D
ol

4. F O

ARETIE, 2 ZOUERAPMED X vy > 27 ) —EFY ¥
PHEERREL, ThEE—X Y MECHA L. #BRETI, 2
ROTHERR & WIS 2 & D ERIGE & £ DR R e 7V — B
BIEXTRE T 5. KEMREUIEIERIC, 27V — BT
FNCBH L, Zhzfladabt s 2 L THEEROBELRD &
% 2 JOCHEREAMED X v > 2 7V —FF ) Y 7 REHL
TV, E—X Y MR X 2EUERFBIZRL, BREOED
P2 NG L TR OBlR» S T L .

HEE AR O JSPS RBHFE: 22K04061 DB %
RYTHELN. £, RICREESEEMHEFR’R Y =
7 MIPRERTRAMEICHE T 2 ARZHmETo0T, Bk
BAICHEEZRT 5.

X (73

[1] R.F. Harrington, Field Computation by Moment Methods, Macmil-
lan, New York, 1968.

[2] J. H. Richmond and N. H. Geary, “Mutual impedance of nonplanar-
skew sinusoidal dipoles,” IEEE Trans. Antennas Propag., vol. AP-23,
no. 3, pp. 412-414, May 1975.

[3] C. W. Chuang, J. H. Richmond, N. Wang, and P. H. Pathak,
“New expressions for mutual impedance of nonplanar-skew sinu-
soidal monopoles,” IEEE Trans. Antennas Propag., vol. 38, no. 2,
pp. 275-276, Feb. 1990.

[4] S. M. Rao, D. R. Wilton, and A. W. Glisson, “Electromagnetic scat-
tering by surfaces of arbitrary shape,” IEEE Trans. Antennas Propag.,
vol. AP-30, no. 3, pp. 409-418, May 1982.

[5] D. H. Schaubert, D. R. Wilton, and A. W. Glisson, “A tetrahedral
modeling method for electromagnetic scattering by arbitrarily shaped
inhomogeneous dielectric bodies,” IEEE Trans. Antennas Propag.,
vol. AP-32, no. 1, pp. 77-85, Jan. 1984.

[6] J. H. Richmond, “A wire-grid model for scattering by conducting
bodies,” IEEE Trans. Antennas Propag., vol. 14, no. 6, pp. 782-786,
Nov. 1966.

(71 ke fOK, A —5h, BEA 0P, BRSO —HK, “EER
WCHLD AT S FHGE F 7 > 7 F %, 7 (525 (B), vol.
J71-B, no. 11, pp. 1237-1243, 1988 4E 11 H.

[8] J. T. Mayhan, “Characteristic modes and wire grid modeling,” IEEE
Trans. Antennas Propag., vol. 38, no. 4, pp. 457-469, April 1990.

9] & AR, WA BUE, BUR, Ba 8%, SHkeikoBikc
WRE N7 7 FRDE—X ¥ MEMMN, (5% (B-1D), vol.
J79-B-11, no. 9, pp. 566-573, 1996 4 9 H.

[10] G. P. Junker, A. A. Kishk, and A. W. Glisson, “A novel delta gap

source model for center fed cylindrical dipoles,” IEEE Trans. Anten-
nas Propag., vol. 43, no. 5, pp. 537-540, May 1995.
[11] Q. Chen, Q. Yuan, and K. Sawaya, “Accurate source model for MoM

-50-

(12]

(13]

[14]

(15]

[16]

[17]

(18]

(19]

[20]

(21]

[22]

[23]

(24]

[25]

(26]

(27]

[28]

(29]

(30]

analysis of linear antennas by using sinusoidal reaction matching tech-
nique,” IEICE Trans. Commun., vol. E86-B, no. 2, pp. 870-872, Feb.
2003.

L. L. Tsai, “A numerical solution for the near and far fields of an
annular ring of magnetic current,” IEEE Trans. Antennas Propag.,
vol. AP-20, no. 5, pp. 569-576, Sept. 1972.

C. M. Butler, “The equivalent radius of a narrow conducting strip,”
IEEE Trans. Antennas propag., vol. AP-30, no. 4, pp.755-758, July,
1982.

N. Haga, J. Chakarothai, and K. Konno, “Circuit Modeling of Wireless
Power Transfer System in the Vicinity of Perfectly Conducting Scat-
terer,” IEICE Trans. Commun., vol.E103-B, no.12, pp.1411-1420,
Dec. 2020.

N. Haga, J. Chakarothai, and K. Konno, “Circuit Modeling of a
Wireless Power Transfer System Containing Ferrite Shields Using
an Extended Impedance Expansion Method,” IEEE Trans. Microw.
Theory Tech., vol. 70, no. 5, pp. 2872-2881, May 2022.

N. Haga, J. Chakarothai, and K. Konno, “Circuit Modeling of Near-
Field Coupled Undersea Antennas Using Impedance Double Expan-
sion Method,” IEEE Trans. Antennas Propag., vol. 72, no. 12, pp.
9378-9391, Dec. 2024.

K. Konno, Q. Chen, K. Sawaya, and T. Sezai, “Analysis of huge-scale
periodic array antenna using impedance extension method,” IEICE
Trans. Commun., vol.E92-B, no.12, pp.3869-3874, Dec. 2009.

K. Konno, Q. Chen, and K. Sawaya, “Quantitative evaluation for
computational cost of CG-FMM on typical wiregrid models,” IEICE
Trans. Commun., vol.E93-B, no.10, pp.2611-2618, Oct. 2010.

K. Konno, Q. Chen, K. Sawaya, and T. Sezai, “Statistical analysis
of huge-scale periodic array antenna including randomly distributed
faulty elements,” IEICE Trans. Electron., vol.E94-C, no.10, pp.1611-
1617, Oct. 2011.

K. Konno, Q. Chen, K. Sawaya, and T. Sezai, “Optimization of block
size for CBFM in MoM,” IEEE Trans. Antennas Propag., vol.60,
no.10, pp.4719-4724, Oct. 2012.

K. Konno, H. Katsuda, K. Yokokawa, Q. Chen, K. Sawaya, and Q.
Yuan, “Quantitative study of computing time of direct/iterative solver
for MoM by GPU computing, ” IEICE Commun. Express, vol. 2, no.
8, pp. 359-364, 2013.

K. Konno and Q. Chen, “The numerical analysis of an antenna near
a dielectric object using the higher-order characteristic basis function
method combined with a volume integral equation,” IEICE Trans.
Commun., vol.E97-B, no.10, pp.2066-2073, Oct. 2014.

N. K. Das and D. M. Pozar, “A generalized spectral-domain Green’s
function for multilayer dielectric substrates with application to mul-
tilayer transmission lines,” IEEE Trans. Microw. Theory Tech., vol.
MTT-35, no. 3, pp. 326-335, March, 1987.

W. C. Chew, J. L. Xiong, and M. A. Saville, “A matrix-friendly formu-
lation of layered medium Green’s function,” IEEE Antennas Wireless
Propag. Lett., vol. 5, pp. 490-494, 2006.

Y. P. Chen, J. L. Xiong and W. C. Chew, “A mixed-form thin-stratified
medium fast-multipole algorithm for both low and mid-frequency
problems,” IEEE Trans. Antennas Propag., vol. 59, no. 6, pp. 2341-
2349, June 2011.

Y. P. Chen, W. C. Chew, and L. Jiang, “A new Green’s function formu-
lation for modeling homogeneous objects in layered medium,” IEEE
Trans. Antennas Propag., vol. 60, no. 10, pp. 4766-4776, Oct. 2012.
K. Konno, Q. Chen and R.J. Burkholder, “Fast Computation of Lay-
ered Media Green’s Function via Recursive Taylor Expansion,” IEEE
Antennas and Wireless Propag. Lett., vol.16, pp.1048-1051, 2017.
K. Konno, Q. Chen, and R.J. Burkholder, “Efficiency Improvement
with a Recursive Taylor Expansion of Bessel Functions for Layered
Media Green’s Function,” Proc. IEEE AP-S Int. Symp., TH-A3.2A.3,
pp.1355-1356, July, 2017.

D. Sievenpiper, L. Zhang, R. F. J. Broas, N. G. Alexopolous, and
E. Yablonovitch, “High-impedance electromagnetic surfaces with a
forbidden frequency band,” IEEE Trans. Microw. Theory Tech., vol.
47, no. 11, pp. 2059-2074, Nov. 1999.

K. M. Shum, Q. Xue, C. H. Chan, and K. M. Luk, “Investigation of



[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

microstrip reflectarray using a photonic bandgap structure,” Microw.
Optical Technol. Lett., vol. 28, no. 2, pp. 114-116, Jan. 2001.

K. Konno, S. Terranova, Q. Chen, and G. Gradoni, “Generalised
Impedance Model of Wireless Links Assisted by Reconfigurable In-
telligent Surfaces,” IEEE Trans. Antennas Propag., vol. 72, no. 10,
pp-7691-7699, Oct. 2024 (Open Access).

M. G. Floquet, “Sur les équations différentielles linéaires a coef-
ficients périodiques,” Annale Ecole Normale Siiperieur, pp. 47-88,
1883.

B. A. Munk, Frequency Selective Surfaces: Theory and Design, New
York, NY, USA: Wiley, 2000.

F. Capolino, D. R. Jackson, and D. R. Wilton, “Fundamental proper-
ties of the field at the interface between air and a periodic artificial
material excited by a line source,” IEEE Trans. Antennas Propag.,
vol. 53, no. 1, pp. 91-99, Jan. 2005.

F. Capolino, D. R. Jackson and D. R. Wilton, “Mode excitation from
sources in two-dimensional EBG waveguides using the array scan-
ning method,” IEEE Microw. Wireless Comp. Lett., vol. 15, no. 2, pp.
49-51, Feb. 2005.

R. Qiang, J. Chen, F. Capolino, D. R. Jackson, and D. R. Wilton,
“ASM-FDTD: A technique for calculating the field of a finite source
in the presence of an infinite periodic artificial material,” IEEE Mi-
crow. Wireless Comp. Lett., vol. 17, no. 4, pp. 271-273, April 2007.
F. Capolino, D. R. Jackson, D. R. Wilton, and L. B. Felsen, “Com-
parison of methods for calculating the field excited by a dipole near
a 2-D periodic material,” IEEE Trans. Antennas Propag., vol. 55, no.
6, pp. 1644-1655, June 2007.

T. Uno, T. Arima, and A. Kurahara, “FDTD modeling of nonperiodic
antenna located above metasurface using surface impedance bound-
ary condition,” EPJ Appl. Metamat., vol. 6, no. 17, pp. 1-7, July
2019.

K. Konno, N. Haga, J. Chararothai, Q. Chen, N. Nakamoto, and T.
Takahashi, “A Novel Method of Moments for Numerical Analysis
of Antennas Over 2-D Infinite Periodic Array of Scatterers,” IEEE
Trans. Antennas Propag., vol. 72, no. 1, pp. 50-60, Jan. 2024.

K. Konno and Q. Chen, “Efficient Modeling of Two-Dimensional In-
finite Periodic Structures and Its Application to Method of Moments,”
Proc. ACES-China, pp. 1-3, Aug. 2024 (Invited).

K. Konno and Q. Chen, “Numerical Analysis of Finite Antennas
Over Two-Dimensional Infinite Periodic Structures Using Method of
Moments,” Proc. ICEAA2024, p. 43, Sept. 2024 (Invited).

S. Genovesi, F. Costa and A. Monorchio, “Low-profile array with
reduced radar cross section by using hybrid frequency selective sur-
faces,” IEEE Trans. Antennas Propag., vol. 60, no. 5, pp. 2327-2335,
May 2012.

Y. Chen, L. Chen, H. Wang, X. -T. Gu and X. -W. Shi, “Dual-band
crossed-dipole reflectarray with dual-band frequency selective sur-
face,” IEEE Antennas Wireless Propag. Lett., vol. 12, pp. 1157-1160,
2013.

M. Pazokian, N. Komjani and M. Karimipour, “Broadband RCS re-
duction of microstrip antenna using coding frequency selective sur-
face,” IEEE Antennas Wireless Propag. Lett., vol. 17, no. 8, pp.
1382-1385, Aug. 2018.

W. Li, Y. Wang, S. Sun and X. Shi, “An FSS-backed reflec-
tion/transmission reconfigurable array antenna,” IEEE Access, vol.
8, pp. 23904-23911, 2020.

I. Stevanoviz and J. R. Mosig, “Periodic Green’s function for skewed
3-D lattices using the Ewald transformation,” Microw. Opt. Tech. Lett.,
vol. 49, no. 6, pp. 1353-1357, Jun. 2007.

J. Su, X.-W. Xu, M. He, and K. Zhang, “Integral-equation analysis of
frequency selective surfaces using Ewald transformation and lattice
symmetry” Prog. Electromagn. Res., vol. 121, pp. 249-269, 2011.

P. P. Ewald, “Dispersion und Doppelbrechung von Elektronengittern
(Kristallen),” Dissertation, Miinchen, 1912, also Ann. Phys. 49, p. 1,
1916.

P. P. Ewald, “Die Berechnung optischer und elektrostatischer Gitter-
potentiale,” Ann. Phys. 64, pp. 253-287, 1921.

K. E. Jordan, G. R. Richter, and P. Sheng, “An efficient numeri-

-51-

cal evaluation of the Green’s function for the Helmholtz operator on
periodic structures,” J. Comp. Phys., vol. 63, pp. 222-235, 1986.




 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   6ページから  ページ 6
     マスク座標:  左下 (503.35 36.75) 右上 (567.94 64.59) ポイント
     カラー: 標準 (白)
      

        
     D:20250327135427
      

        
     1
     0
     503.3521 36.7494 567.9415 64.5897 
            
                
         6
         SubDoc
         6
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus5
     QI+ 5.3n
     QI+ 5
     1
      

        
     5
     6
     5
     7a52e384-83af-4940-a2f4-20f380079220
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   5ページから  ページ 5
     マスク座標:  左下 (506.69 36.75) 右上 (567.94 62.36) ポイント
     カラー: 標準 (白)
      

        
     D:20250327135427
      

        
     1
     0
     506.6929 36.7494 567.9415 62.3624 
            
                
         5
         SubDoc
         5
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus5
     QI+ 5.3n
     QI+ 5
     1
      

        
     5
     6
     4
     341dccfc-5183-4d90-8e7f-868af0bcf808
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   4ページから  ページ 4
     マスク座標:  左下 (510.03 40.09) 右上 (563.49 61.25) ポイント
     カラー: 標準 (白)
      

        
     D:20250327135427
      

        
     1
     0
     510.0338 40.0902 563.4871 61.2488 
            
                
         4
         SubDoc
         4
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus5
     QI+ 5.3n
     QI+ 5
     1
      

        
     5
     6
     3
     2ebb5f74-71a5-4790-b34c-521940874e7c
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   3ページから  ページ 3
     マスク座標:  左下 (505.58 41.20) 右上 (564.60 65.70) ポイント
     カラー: 標準 (白)
      

        
     D:20250327135427
      

        
     1
     0
     505.5793 41.2038 564.6007 65.7032 
            
                
         3
         SubDoc
         3
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus5
     QI+ 5.3n
     QI+ 5
     1
      

        
     5
     6
     2
     d9c7084d-04a5-4431-8a93-b29a11b3aefc
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   2ページから  ページ 2
     マスク座標:  左下 (511.15 42.32) 右上 (563.49 61.25) ポイント
     カラー: 標準 (白)
      

        
     D:20250327135427
      

        
     1
     0
     511.1474 42.3174 563.4871 61.2488 
            
                
         2
         SubDoc
         2
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus5
     QI+ 5.3n
     QI+ 5
     1
      

        
     5
     6
     1
     5f7181c5-25af-486c-97f0-65540452f819
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   1ページから  ページ 1
     マスク座標:  左下 (508.92 36.75) 右上 (564.60 64.59) ポイント
     カラー: 標準 (白)
      

        
     D:20250327135427
      

        
     1
     0
     508.9202 36.7494 564.6007 64.5897 
            
                
         1
         SubDoc
         1
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus5
     QI+ 5.3n
     QI+ 5
     1
      

        
     5
     6
     0
     bb1d45de-c2d5-4174-97ff-4460fbec3a52
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲:   1ページから  ページ 1
     マスク座標:  左下 (44.54 767.28) 右上 (573.51 814.05) ポイント
     カラー: 標準 (白)
      

        
     D:20250327135427
      

        
     1
     0
     44.5444 767.2781 573.5096 814.0497 
            
                
         1
         SubDoc
         1
              

       CurrentAVDoc
          

      

        
     QITE_QuiteImposingPlus5
     QI+ 5.3n
     QI+ 5
     1
      

        
     5
     6
     0
     4cca5835-755c-4c66-ad3d-8481260f707a
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 全てのページ
     トリム: 無し
     シフト: 移動 下 by 17.01 ポイント
     ノーマライズ(オプション): オリジナル
     裁ち落としマージン保持: いいえ
      

        
     D:20250327135454
      

        
     32
     1
     0
     No
     19
     116
     Fixed
     Down
     17.0079
     0.0000
            
                
         Both
         2
         AllDoc
         6
              

       CurrentAVDoc
          

     None
     2.8346
     Left
      

        
     QITE_QuiteImposingPlus5
     QI+ 5.3n
     QI+ 5
     1
      

        
     1
     6
     5
     6
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     範囲: 全てのページ
     フォント: Times-Roman (埋め込み無し) 10.5 ポイント
     オリジナル: 中央下
     オフセット: 横方向 0.00 ポイント, 縦方向 39.69 ポイント
     カラー: 標準 (黒)
     前置文字列: - 
     後置文字列:  -
      

        
     D:20250327135507
      

        
     1
     1
      -
     BC
     - 
     1
     1
     1
     1
     1
     46
     TR
     1
     0
     0
     841
     164
    
     0
     1
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     R0
     10.5000
            
                
         Both
         1
         AllDoc
         1
              

       CurrentAVDoc
          

     [Doc:NumPages]
     0.0000
     39.6850
      

        
     QITE_QuiteImposingPlus5
     QI+ 5.3n
     QI+ 5
     1
      

        
     0
     6
     5
     b192116e-327d-4208-aabf-643904022bb8
     6
      

   1
  

 HistoryList_V1
 qi2base





