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Fig. 2.3. Orthogonal polarization conversion.
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(a) Optical length from horn to each unit cell. (b) Frequency characteristics of phase property.

Fig. 2.4. Phase characteristics for difference optical length.
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Fig. 2.5. Frequency characteristics with equal phase difference.
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Fig. 2.6. Design example.

(a) 10GHz (b) 15GHz (c) 20GHz

Fig. 2.7. Phase distribution of the incident wave on aperture.
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Fig. 2.8. Phase distribution of the reflected wave on aperture (6 = 30°).
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Fig. 2.9. Calculated radiation patterns (0 = 30°).
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Fig. 2.10. Phase distribution of the reflected wave on aperture (6 = 0°).
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Fig. 2.11. Calculated radiation patterns (© = 0°).
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Fig. 2.12. Analytical model for MoM.
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Fig. 3.1. Structure of the proposed elements.
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Fig. 3.2. Definition of an incident angle 6;.
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Fig. 3.3. Reflection phase properties on variable combination between L and L.
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Fig. 3.4. Shapes of the resonant elements for changing strip length(pattern 1).
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Fig. 3.5. Reflection phase properties for the TE and the TM incidences(pattern 1).
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Fig. 3.6. Shapes of the resonant elements for changing strip length(pattern 2).
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Fig. 3.7. Reflection phase properties for the TE and the TM incidences(pattern 2).

27



EI3E ERMELTY 7LV 2 TV —F S

34 AEIWIEIRDEES
341 ZRFROHEAEDLHE

FTELABRAREZETEB3ImmE ULTHEHEL, L,OETREE2L/IE 28546 D TEK,
TM % A S 15 D 55 A7 A 5 M o AT 4% 3 % Fig. 381 /R LT WA, AKX & Y, L; =15.3[mm)],
Ly =102[mm], 2 ¥ O, L1 — Ly =51[mm] D R IZ | b HMH TREFRRFEREF S TWL
B HDD D,

180- T T T T T T I. B IL’ T ] 180- T T T T T T T T T |
o 0 B juim gy
OlT 17 6 i [}

540

720 T™ L, & L, [mm]

TE L, & L, [mm]

Reflection phase[deg]
90 L o~
N B N X
oS O O O

Reflection phase[deg]

L —153-90 1 —153-90
——153-93 ——153-93
'900__ —15.2-3.3 7] -900 —15.2-3.3 7]
1080 —— 133102 1 #-1080F —— 133102 1
_ | | | | | | | | | _ | | | | | | | | |
126010 11 12 13 14 15 16 17 18 19 20 126010 11 12 13 14 15 16 17 18 19 20
Frequency[GHz] Frequency[GHz]
(a) TE incidence (b) TM incidence

Fig. 3.8. Reflection phase properties on variable combination between L and L.
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Fig. 3.9. Shapes of the resonant elements for changing strip length.
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Fig. 3.10. Reflection phase properties for the TE and the TM incidences.
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Fig. 3.11. Current distribution on strip elements at 15GHz for the TE and the TM

incidences.
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Fig. 3.12. Design example.
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Fig. 3.13. Reflection phase properties for the different incident angle.
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Fig. 3.14. Geometries for designing reflectarray.
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Fig. 3.15. Reflection phase properties of the co-polarization for designing reflectarray.
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Fig. 3.16. Amplitude properties of the cross-polarization for designing reflectarray.
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Fig. 3.17. Designed reflectarray antenna.
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(a) Phase distribution of the incident wave on aper-  (b) Phase distribution of the reflected wave on aper-
ture at 15GHz ture at 15GHz

Fig. 3.18. Phase distribution on aperture at 15GHz.
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NDEAMHEFEOAIZHIEL TWE. 25 O & b, BRI E W T 3600 D M &
EHLULTWVWE ZEDVHERTE, ZEMMP L ROV, JEHIRIZ D 72 —40dB BA R 1 1 #] X
NTVWBIENHERTEL. IN6DEHEHICHRFFLAEZY LI FT L —O&KGHEE
B % Fig. 3.1912 /8 9. Fig. 3.25 %, %5 A Iz B 2 A8 K S & O K8 3% o B O m Az
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Fig. 3.19. Design example.
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Fig. 3.20. Reflection phase properties for the different incident angle.
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Fig. 3.21. Geometries for designing reflectarray.
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Fig. 3.22. Reflection phase properties of the co-polarization for designing reflectarray.
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Fig. 3.23. Amplitude properties of the cross-polarization for designing reflectarray.
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Fig. 3.24. Designed reflectarray antenna.
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Fig. 3.25. Phase distribution on aperture at 15GHz.
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Fig. 3.26. Measurement system of reflectarray.

41



5
I

o
:_I'A

“ar
=F
P
g, U,

ak

!

;

I

ar

b

::'IJ'
b

-JL

r

:

L) W

L's

5
e

:

- .

wr

da

- I

L R,
3030 I

w

dh

=L

o

gk

I

N

g

| I

w

a4

JLJ

ur

:

—JL]

A

5
=

g

r
-
£

iy

5.5
:

ds

- .

ar

9

—JL

LS

:

r

=
R

dt

. .

i

el | 5

's

B
:

|
o
sl 52

JL

2]

r

LB5 ) Wy T
AP 7

U

A E
n

—t

o, W

AEnenH e
rJ‘ iy
.j SL
e

e
=

A
iy

P
o3l

g

- ,‘1 ,.’\.(
e
LK lz_n.::

BB B SF Sb op o o

N S e s,y Iy,
1 BRtR_BR_tR_Hp_op_op d

il il el
R X
R e
AR RN R
45%§%5%51fgigﬁﬁéﬁﬁgﬁ§fad
R e
e
xR

qR g6 gR gk gk da ok

o
R L g Lt

|

-
G

A
:3“

5,

5,5
o0
53
.0
2,0

A
o
rlﬂ?_f
a

2
s
x
B¢

“LE |

A

£ i
f o A
e
EH

g
35
999,59

.
88

i)

3
5
X

A
l

..
o=

0

a

2,9

n

I === == =} \r = - r
2 LTS, R 2 L e e ]
A RmEE £ L

(a) Fabricated reflectarray (2 shape)

7%

LA

CALC L)
rlY)

L)

fue

b A

Fus

LA
one
)
nON0O0

00000
OO0

it

susns
D00
u

(b) Fabricated reflectarray (Four axially symmetrical shape)

Fig. 3.27. Photograph of the fabricated reflectarrays.
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Fig. 3.28. Radiation patterns for the TE incident wave.
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Fig. 3.29. Radiation patterns for the TM incident wave.
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Fig. 4.5. Shapes of the resonant elements for changing strip length.
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Table 4.1. Designed parameters for each geometry.

18

Ei;“;?r"y L1-Ly / L3-Ly[mm] Ei;“;‘:r"y L1-Ly / L3-Ly[mm]
#1 7.8-5.4 /6.9-4.8 #7 10.2-7.8/9.3-7.2
#2 8.7-6.3 /7.8-5.7 #8 10.5-8.1/9.6-7.5
#3 9.0-6.6 /8.1-6.0 #9 10.8-8.4/9.9-7.8
#4 9.3-6.9 /8.4-63 #10 11.1-8.7/10.2- 8.1
#5 9.6-7.2 /8.7-6.6 #11 11.7-9.3/10.8- 8.7
#6 9.9-7.5 /9.0-6.9 #12 12.3-9.9/11.4-9.3
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Fig. 4.6. Reflection phase properties on variable combination for the TE and the TM
incidences.
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Fig. 4.8. Amplitude properties on variable combination for the TE and the TM incidences.
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Fig. 4.12. Design example.
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Fig. 4.15. Photograph of the fabricated reflectarray.
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Fig. 4.16. Radiation patterns for the TE incident wave.
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Fig. 4.17. Radiation patterns for the TM incident wave.
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Fig. 5.1. Principle of orthogonal polarization conversion.
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Fig. 5.4. Diagram of the fitness function.

54 LHEBEXRRBREEBHRIRETF
541 BEXREEHLZRFOZEL

BIEI CRELVZFMBEKEZH VT EXRKEERRTFORG 217 5. XMz, h
O JE P f = 15.0[GHz], J& 3% 0 38 1% 13.0GHz-17.0GHz & U, 30° A 2 B8 W T E O K
FAMHREEEZET DR TOXI 2T, b, HeHEBICE VT, G A KBTS AR
1Y hEUTH>2TED (IGHz A T 7)), K a=3.0°, A0 tH 5 P O F 1% 15.0{deg./GHz]
YLTWS. BEAERICIE KV TF LY (E X h=30mn], tk#ERe =225 % {f A
U, it v Doy AN IEd, =d, =96mm] & L TW3. GAD N T A —X& LT, %
WABZE M= F AV MERZEHAL, XX AECE -HFRRIXZ2HWVS R XHEIX08
U, BRAERFLIT001E T 5. 72, &2 #HABIX700 AR, — A D720 O 7K E I 200
LU, TV - MBI 2 RBEAKEREFHRIX1IE T 2. Fig. 5512, iz k-oTH S
N2 NEEE AT SERERETFOH .ﬁr?ﬁ%%%mbfu\é.

5.4.2 BEREREANEORFFME

Fig. 5.6(a)(b) ¢Z, TE# & ' TM ¥ % 30° A5 U 7235 & O K S AL H R o i@ i fs 8 % = 0
TNRUTWVWAS. MPOEEDHEXREFFHEEZRLTWS WML, WHEKIZEWT,
IR IZ D) BRI DA BE L ZMHEEE 2R 22X TETE D, 36000
KR MHEREFONT WD END DB, X 72, Fig. 5.7 1%, £2 0 i M 0 K 4 67 8 2% %
MRLUTWVWD. &b, DR (#8910 B L CTRMELMLE SN 205 8%GH# AN
’BL\’C&*B%%ﬁflSOO RN TE Y, MARFLREMENE STV 5. Fig. 5.8(a)(b)

T TEE AU TME 230° AN LZHA0, RERMBEOREREZ ZNLZNRL TW

85



BHHE BERMKEEHRY) 7LV 7 M7 LV —-FKF

[ |
- —
#1 #2
H L]
IE‘!I -E q:
(Mg 'R-1"
#7 #8

il

=

9 #10

o -

#11 #12

ke

Fig. 5.5. GA-produced reflectarray resonant elements for orthogonal polarization conver-

sion.

5 REFZTF2MAMBEETCHLII 0o, BARORERBEDIVITHHLAE D
72 8, Wi i 1T B W T, —60dB LRI A B HEAH R T W 5.

180 . . | . | 180
o0 "o
Q Q
= =
g 0 g 0
< <
= =
S, S,
= =
8 2
o -180 S -180
[5) [0
= =
Q Q
~ ~
-360 -360
12 13 14 15 16 17 18

Frequency [GHz]

(a) TE incidence

L7

12 13 14 15

Frequency [GHz]
(b) TM incidence

|
16

17

Fig. 5.6. Reflection phase properties for the TE and the TM incidences.

180 -
"o .
S
= 90t
[

Q -
=
[0
5}
=
3
Q
22}
<
=
=

13 14 15
Frequency

16 17 18
[GHz]

Fig. 5.7. Phase difference.

86

18



BHHE BERMKEEHRY) 7LV 7 M7 LV —-FKF

o)

S
—

Il

Cross polarization [dB]
Cross polarization [dB]

i

| "I‘M‘
A l!J\w

b

-M%M
[l

- ' \\ f‘\ AV ‘ /l‘

90k M 290 ] |
12 13 14 15 16 17 18 12 13 14 15 1 17 18
Frequency [GHz] Frequency [GHz]
(a) TE incidence (b) TM incidence

Fig. 5.8. Amplitude properties for the TE and the TM incidences.

543 EXmRE#REM

Fig. 5917, EXME AL EO R EZRMEOREREZ AT, AR Kb, —HMDOFET (#
89,10 LB L CTHRMEL LA SONE N, T NSO UNDETOK AP DORIEL XL,
BETHIHBANTH -15dBA FICH A HENERKRT VL. RS OBERIZEL T, ER
i I [ D AL FH 2 5% —180° & o T WAR WHMNF K TH 5. % 72, Fig. 5.10 12 1%, If/ﬁ/ﬂi@
KB MHRBEEZ2RLUTE D, AR ICO 72 0 ERK 2 D4 B8 U 72 07 /1 il A8 2 14
S5NTEN, 360 DRKHFEMHELHHE TS TVWEIHELR DS U LEOHE LD EEE

TOREZZEEINE B RREELBBEZET2)V 7V 2 T V—HRTLRDE
LHENHFTES.

Cross polarization [dB]
)
(e

-40 | 1 I
12 13 4 15 16 17 18

Frequency [GHZz]
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Radiation patterns for the orthogonal polarized wave.
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RIZBIAXKHPANHOBMBMEEEMZ ZNZ N AU TV S, old 5 67 M o H A ff

CHEBEMOEDREEZRL TV A HAHE L G HEAHE O 25 L E AN T H 0 IX Sl # 2
02 L, ZNDAAM T2 M E %2 FEAME & LT\ 5. Fig. 6.112, 3F i B B 0 8w M % x
TABECTH VS MR & T FNE X fTHE e MAF U Td 2D, (FE DK H N
e R T HRFEEEAT D 0, FAMBE K DK S AL OB EEZ AP NZEH
LTW5. TEJR, TMBE Ol fRF I U T, ZN0F 00 KE A HEM 2 303 2 BB &
oT W 5.
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Fig. 6.1. Diagram of the fitness function.
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CHEWTHEZDOKFMMHEEZET 2R TOHRGZITD. b, FEitHEIZHE VT,
fili PR A > b & L TH-oTED (IGHz A T ), k& a=3.0° i # KM D M4
& 13 15.0[deg./GHz] & UL T\ 5. X 7z, &% &1 3 5 X $F 7 #H 22 1 AP = +90°,+180° & L, &%
DNMEFFFICEVTREATT OERGEZ2TS. BN VEKICEK KV ZF LV (EX
h=30mm], liFEHRe =225) 2 H L, BA LNV D z,y 5 A EMIEd, =d, =9.6[mm] &
LTWVWA. GADNR T A—RIF MIEELFAKOMEZH VTS, EBIRAEIZIE N —F AV
FERNZEHALU XX AECE —RRXXZ2HWS. R XEIF08& L, BRZEEEKIL0.01
T B F e, 2B A, R D 0 DMEAEKIZ200 L, =) — MRIEIZE
5 ERBMEAREBITLIE T 5.

6.2.3 REHEHM

B ALF 2 A P % +180°,490°, —90°, —180° & L 7235 & 12, GAD Rz k> TH S h iz
QW AEE 2 AT A EREILIREFIFIR % Fig. 6.2, 6.6, 6.10, 6.14 12 R 3. T 5 D EF
(2, TE #% (V-pol.) & & " TM ¥ (H-pol.) % 30° A& U 7235 & O, K & A1 M1 2 o i #r %5 3 %
Fig. 6.3, 6.7, 611 B X U615 IR LTWVWE. INH6DOX& Y, ZFFETO - CTcHMES
LR OoND D BREAFHNIZIEWT MAFTEDO KN MLHEENFSNT WS HLD R
5. F 7z, [ AT BT B, KA R YE O R TS R % Fig. 6.4, 6.8,6.12 8 & 006.16 12, &
75 A I 8R0S R VE o R BT RS SR 2 Fig. 6.5,6.9,6.138 L 61T ENEFNR L TV S, R
KIZBEBWTC AW HRICOZ D EMRM2OFETBE L ZAMHBRELZEL PV TET
0,360 O KEMNMMHERESNT WD, £/, HetRFEF 2@ mME2AELTWS Z
ES, MAFIEIZEWT, X ERKEDOIRIE L RV IZH —60dB LA T I 1 H X d, (K 52 2 R
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20DEREETAHIV 7L T VL—DFEZIToT W L.

6.3 Y7L M7 L—DKETH

AT ERKFAMHEEZET 2R TORAfIE LT 2200882635
TV T V—0FEGT, TOESME2BIET 5. Fig. 6181, V 7L 27 N T L —0
WEMH &2 R U T\ B @Ak & R, B EE A B fo = 15[GHz], B 1 £ D = 153.6[mm)] (16 x 16
¥ V), B E R (V-pol.) F — > DA 7 &y b 0, =15° KPR (H-pol.) K — > DA 7 &v
NG, =308 L, s GO =225 Ty L RLA-15dB(Y) 7L 27 b7 L—hiz
0dB& U7zHX M) & 72 K52, ~RBHBOMHEFLAASY TV I FT L —0OHDL
F T oM, R E KO KRR S — > T %0 E h, R,=150[mm], R,=145[mm] & L
TWa. 8, — RSB MBIABO AR X —RKT7FA VAR —V T VT F %
HWT W5, 72, iFEMARERE b'C?J“)ITI//(Fé‘h:Z%O[mm] b 3% B &K e, = 2.25)
ZHWT W5, Fig. 6.19 Kk 17 6.20 12 1%, & & A K B 15GHz I B 1F 5, ®E 7 K B & O KF
REAFREOHROHBAMHDIAS ECRESHZEZRL TW5S. Fig.6.19ICFEHT % &, &
A U CTERBRLMM AL R>T WD EDND S0, R THAL U 7z K471
FIEABEIIZZRDZI VPSP TH S, 72, Fig. 6.201C X, M MHEIHZ 175 20127~
FIBEOmMTCERINDKAMMEEZRLTWVWS. HXMLD, &L VITEWT, —180°~
+I80° D HFHE N T, T RO N FMNMHEENBERINDE I B0 b. T I T, KT VT F
WWHWAREREERZFOXRF L, ZHMBER—-—V250)V 7002 7L —0&K%ILADA
FHAROBEL R KHMMHEEZZFREL, & VB ICHENCRELZFTZIToTWV S,
Fig. 6.2V 7LV 27 b7 LV —DFGFMREZRT. £, AKFPOLHMAICIK 7 VT F I
HMENTVWEEFD —HEIARALU, ZLXUVDBAELTWVWEKHAMHZEZRL TV &%
DEFTIEZBVCMEEOKPAMMEEEZBE L TWVWDHEINERTE 5.

6.4 TS % @ FE M

Fig. 6.23 2, ik fEL 72V 7LV 2 VT V=T VT FTOEHEH2RT. ATV FF2HWVWT,
R T TR R o JllE % 4T o 72, Fig. 6.24(a)~ (k) 12, I E {& % (V-pol.) & O K f
¥ (H-Pol.) A HH 12 B 1) 5, 10GHz-20GHz O ¥ i 5 D i G 5 M D ff A7 4 5 K& OF &€ &5 8 0
HEZRLUTWVWAS AKMEYD, =LY 7 MEHA2BD MMEEIZEWT, EE — L4 DR
e flEMiaa L T2 HEIPMERTE L, L7, et @O 13GHz-17GHz 12 B
WTIE, ITGHZIZ B WTH A Fa — T L RILOHEMIPE L moT W 5D, 4 —15dB
PLURIZ i il © & T\ 5. Fig. 6.25(a)~ (k) I &, T & {3 (V-pol.) K& O K F f 3 (H-Pol.) A
B2 B 1F 5, 10GHz-20GHz D & 7 fii 3 O A Rk O W E 5 R 2 R LT\ 5. &l # A
CEVWT, REMPEL NVIEHK-30dBA FIZHA SN TE D, EFHRIZDZ KR ER
WRVEDLE SN T WA F 72, Fig 6.26 & 07 6.2712 1%, FI 15 & B [ A8 R o fif i {5 & Ol &
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Fig. 6.2. Optimized geometries.
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Fig. 6.3. Phase difference (+180°).
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Fig. 6.4. Reflection phase properties in the case of phase difference +180° for the TE and
the TM incidences.
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Fig. 6.5. X-polar amplitude properties in the case of phase difference +180° for the TE
and the TM incidences.
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Fig. 6.6. Optimized geometries. Fig. 6.7. Phase difference (+90°).
360 . : . 360 . . T
— i —#—— 4 #T—— #10 — i —#—— T ——#10
e 270F —— W #5 ——#——#11 N 270_‘ —— 2 #5——#——#11 7]
S g0l M H——#D2 18 180L —Hm——#6#—#D2 ]
> 9015
= 0  =
s e
§ _90“ :S)
= -180F = =
(@] L [
& 2701 |~
_360- 1 1 1
13 14 15 16 17

Frequency [GHz]
(a) TE incidence

Frequency [GHZz]
(b) TM incidence

Fig. 6.8. Reflection phase properties in the case of phase difference +90° for the TE and
the TM incidences.
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X-polar amplitude properties in the case of phase difference +90° for the TE

and the TM incidences.
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Fig. 6.10. Optimized geometries.
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Fig. 6.11. Phase difference (—90°).
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Fig. 6.12. Reflection phase properties in the case of phase difference —90° for the TE and

the TM incidences.
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Fig. 6.13. X-polar amplitude properties in the case of phase difference —90° for the TE

and the TM incidences.
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Fig. 6.14. Optimized geometries.
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Fig. 6.15. Phase difference (—180°).
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Fig. 6.16. Reflection phase properties in the case of phase difference —180° for the TE
and the TM incidences.
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Fig. 6.17. X-polar amplitude properties in the case of phase difference —180° for the TE

and the TM incidences.
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Fig. 6.18. Design example.
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(a) TE (V-pol.) incident wave (b) TM (H-pol.) incident wave

Fig. 6.19. Phase distribution of the TE (V-pol.) and the TM (H-pol.) incident waves on

aperture at 15GHz..
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Fig. 6.20. Amplitude distribution of the TE (V-pol.) and the TM (H-pol.) incident waves
on aperture at 15GHz.
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Fig. 6.21. Required phase difference on aperture at 15GHz.
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Fig. 6.22. Designed reflectarray antenna.
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Fig. 6.23. Photograph of the fabricated reflectarray surface.
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T2 (k1) Bu(n,m) = T (p,q) Bl (p, )e 7 For 5 ~kua 3 1 K0P eI 5 TP, ) (B.33)
(k1) By(n,m) = 175 (p,q) Bl (p, q)e? FPed T 1P (5, q) (B.34)

LREIND X510, ABW)BLCRBAM) XKD LS 10K N5,
(kD) = T3P (k+50) (5.35)

~ ~ % % 1
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A S D Floquet € — KN O RBIFEMHE — N(p,g)=(0,00TH 2 Z & %2EEL T, A(B.31)
~B.36)% XA (B2B)ICMAL TR 2T 2L BRI XALE SN 5.

=
8
o
=3
8
—~
<o
=}
=
g
*
—
N‘
=

BRSPS D SD S

N/2—1 M/2-1 N/2—1 M/2-1
N/Qm_—]M/Q{ =—N/2q=—M/2

~/ ~/ 2mp - 2w - =
q/xx(pa Q) Cfa/vy(pv q) ej N Pl ar 4 P (pa Q) i} 07 - Im(n7m) (B37)
Gue(p,q) Gyy(p.q) 0 P*(p,q) I,(n,m)
ZZ T,
AzAy L s .
/ o / /
Glp(pq) = dnd, Z Z G 1", (r, ) By (r, s) (B.38)
p/=—0c0 g =—00
~ AzAy & N s e - A Ay
! _ I (kxr S —kys S2)
Gypa) = 7, Z Z Gy T, (1, 8) By (1, 5)¢? (B.39)
p'=—00q'=—00
~ AzAy & N ~, (k. Az Ay
Gl.(pg) = i, ST Gt (rs)By(r,s)e i Rer 5 ki 50 (B.40)
< p/_ ooq’:—oo
AzAy & =L .
G () = T S > Gy T (rs)B)(r,s) (B.41)
p'=—00 ¢ =—
=7 U
r=p+p'N, s=q+qdM
N <p< N 1 M <qg< M —1
T =PEuy Tl g =1=7
TH5 WEHE 7 — ) TEBEFFT 'O LS 2 5L TRBIT) 2 KT IL
* N/2 1 M/2 1
B Ea:OT i( ) (k + %J) _ { FFTfl
E?JOT y(07 O)P (k7l + N/2 m=—M/2
Gy 4) C}‘;y(n 9) P*(pq) 0 L (n,m) (B.42)
Gyo(p,a) Gyy(pa) | 0 P*(p,q) I, (n,m)

L s, ERFIHMLIVNOERMEEZ RANB LT HELARNTH 2505, ﬁﬁﬂ?ﬁﬁ
Ao THEMIZMS ZEDRARTHD. S HICEHREOEHEAEZK S 72012, X (B.37)
EARLTCEAET7 — ) T EMEE AT S L,

E.LOTll( 0)P (k—&—;,l) P(k, 1) 0 ]{ N/2—1 M/2-1

POEEDY

@;m(p, q) éfvy (p,q) %/:2 Agf P(n,m) 0
Glyw(pa q) G;y(p7 q) =—N/2m=—M/2 0 P(nvm)
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R ESEHVWTHEHEBIZEZE IR

EoT",(0,0)P* (k + 1,1)
ByoT",(0,0)P* (k1 + 1)

-FFT‘l{
. P(n,m) 0 I.(n,m)
FFT{ 0 P(n,m) 1 l I,(n,m) 1 }} (B44)

b, BRI U, #oRLUBERE T B RS A % (Conjugate Gradient Method, CGM)
EFHEHT S 2ICL0, RMBL, I, PIREZ N S.

B.5 AHES

RIS, NP BFRICHE T 20 X7 PV [V]OFHBEIZDOWTHRAR S, KH T EIE, R
DM OHE RG> BECERATHZ. 5, AREREY X, &K~ 2 L Floquet
:E~F‘F95§ﬁeg;fg(r:1,2)%%b\f7

(o9}

EY = 30 N (arpgel))(2,y) + azpgelpa(x,1)) (B.45)

p=—00g=—00

ERIND. ZIT, (R FHICERTEZIEEHALTVWS. KL OMiH D~
&, &5 X 7 bV Floquet € — Pﬁ@iﬁ(e%&(rzlﬂ)%

(+)

elpq (.13, y) = j leq(F Uy — quy)¢($, y) (B46)
e (@,y) = 1/ 23y (Fotts + Fyuy)t(z,y) (B.47)

YET LT B B U, Fy = kap/kipg, Fo = kyp/kipg T % 5. % U T, 34T B8 T (2,7)
YARBAEY) oW E L D, RTEBEOERERTHAT S LA NZ MLV HES

n5s.
V:r Lla: L2w A1pq
Vy Liy Ly (2pq
| V7R E W TR D F(p, )T (K1) 1pq (B.48)
j,/Zi‘qu D, q T* k1) ],/Zzqu k1) A2pq
2T () REERBOMORKTH Y, T, T; i‘b(B35) & A (B36)THhD. £o7T,
EFIELX W o7z~ MY 7 AABRX(V]=[Z|1]2» 5, RFEFRIETH (L] 2 H VT,
V] =1[2)7"1] = (217 [L][A][q] (B.49)

DESITRDBZENTE B tﬁb[]ik%%ﬁ@k%émwwwﬂ6aéﬂN7
ML TH B, £ FH[A R, 2 =012 %5%%%ﬁ@k%é#baéﬁ%ﬁﬂf%
DTV ORRHERL LCHEREZET 2840 BHEETEMO KRV THERA
DHABRGEETBELEL EDE Mﬁ®$ﬁﬁibﬁbébtﬁf%é
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B.6 —f&1t & N 7=&5REL 1T 5

M FCT, EFIE2 < 2 212 koTREZ B A HWT, — ML X i 72 8EL 47 5 (Gen-
eralized Scattering Matrix, GSM) % E H 3§ 2. 3, WELIT 4] Sor Z KD 5. 2> 0 D FHIK
FEB IS T2 ERE, X, il T ARBROBBWEY) X UOKILEREY 2
W T,

Ey, = EY+E{)

oo oo

Z Z (Tlpqalpqegg (z,y) + T2pqa2pqeé;; (z,9))

p=—00g=—00

G(z,y;2',y") - I(a',y)dS’ (B.50)
Sl

EERIND. LEL, SHEEKETHATSILERKT S, 22T, o)) B L 0el)
i, Th T MBI NZEKM N2 N IVFloquet € — NEETH b, (4) Ik +2 HAII
T 22 2R ULTWVDE. Ty Topld, 7TV—OXFRIKTHI2FBERICBIT S
HXE-—FNOBEHBRBUTH L. FERPLFAEL R VE VM TIX, HATEAXRZ b )L Floquet
E-NPART 2Tl b, £/, HEBITOEBRE, X, EXMRT MLE—
R e ) r=1,2 2 VTE—FEBELTARD LI LEL ZLETE 3.

oo

Eu= Y > (bipgein)(@.y) +bayges)(x,y)) (B.51)

p=—00 g=—00

L7 2ioT, & (B51) % R (B.50) (2 &R A L, H# L&
//,mxwgg(ﬂ@wzagﬁ’ (B.52)

FHOWTHHET S &,

b +)* 7 —
{ém} u///Hlﬁ& }XG@wﬂﬂw~ﬂ5wU'HﬂﬁﬁﬂS
Pq 2pg \ > Y
+ { Tipgtipg } (B.53)
Topqazpg

YBoNs. 22T, hil) B XU &, ZhEhBKL T h 2B AN <2 b Floquet

E-FNEBTHY, SEHEMNEYIVATHELTAILEZ2EKTS. Z2ZhZE~Y MY 7 AF
R THE T,

[b] = [D1][1] + [T][a] (B.54)

ERING., T THRZ MV, [0, THhZNFEEE, AFEOKZE—-FDOKE
STHD. £z, [D1]EABB) DA EEITT LI LITL-oTHRONDITH TH D,
fTHI[D1]) 2L BT & THKFloquet E— NIZAET 2 I &N TES. 612X (BH4)IF,

bl = [Di]l] +[T][a]
= WME[] [T1la]
= (DT HENA] + [71) [a]
= [S2lla] (B.55)
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LB, MIELTTH Sy i,
[S21] = [D1][2) 7 [L][A] + [T (B.56)

FOkdbarZeNnTEs.
AT, WMEATH S 2RO L. 2<0DHEZHE 2 T2 &, HEB2IZB352=0
T D& 5 By 1,

Ey = EY)

Gz, y; 2 y) - J(a',y)dS' (B.57)
S/

YREND. —F, EEB2CTOERE, I, BAM~2 MLV E— FEKeS)r=1,2) %
HowTtE—FEMBALTXADES>IEL 2 TE 3.

o0

By = Z Z (C1pq6§;3 (z,y) + C2pqeg;3 (z,9)) (B.58)

p=—00 g=—00

Soy DEH EFEBRIZL T, HBMAEMELD,

v // %p%* P X G,y ) T (@)
C2pq h T,y

2pq
+{ Rt } (B.59

- (~u.)dS'dS

Ropgazpq

PEon, EXR2Y MY ZARATEREIL,

el = [Do][I] + [R][a]
= [D][Z] 7 [V] + [Rla]
= [Da][2]7 (L] A]la] + [R][a]
= [Su][q] (B.60)
Ehd. LEkdoT, Sy,
[Su] = [D][2) " [Z][A] + [R] (B.61)

WEoTRDBZENTEDS. 2720, DJIFABH) DA 2FEITT LI LITLoT
"FondG5THS.
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4 8C Floquet ® — KEH

KA DRk cIE, A AR EH L CERR % Floquet E— R CTEBT 3 Z 212
T HRIBEBR TR AP T IMEL LU CWMOFZRADZLDITRZ2DT,HMINEAE
BB T T, TR ORAKRE 4 5 Floquet ® & H, A 7575 —Floquet € — N & & F
N 27 kv Floquet € — RIZ D W Tk R 3,

C.1 Floquet ® & &

DO, 2 HFMICOAEBAWEECH2E562F2 5. A, %5 HHPEK
Fx)2Z 2, BB i) ZXRDESCEHET 5.

fi(x) :F(x)e*jk” (C.1)
SOARIRITFEHM2Z X, T ORI NIVE %,

k = k(umsinecosqb—i—uysinGsian—uZCOSH)
= kyuz +kyu, +kou, (C.2)

ERT.ZIZIT 0,03 ARMTHY, up,uy B LG, FEHAKTDEARZ PILT
HBH. EL BB for)ZERDEIIICEZELT, fil) b OBEBEEFARTAS &,

fo(x) = F(z + dx)efjkw(awdw) - F(x)eaikm:vefjkmdm — fl(x)eﬂ‘icmdm (C.3)

LB DX, b TOBEBBAIT, TNLD ~ABEN -G OEER I, H
DZEFZEREZRELZHDIZHFELWVWI EARDR S, Z i Floquet D & B (Floquet’s theorem)
Thd 5, Fo)dAMEBKTHEP»S, ROLH>C7 -V THBICBHETE 3.

F(z)= Y Cn exp<—j 27;”) (C.4)

p=—00

2T CEEET-VIRETH D, pldFloquet E— FDRXE (p=0,+1,4£2,---) TdH
5. EX%2 X (C1HIZRAT NI,

filw) = i Chy exp [—j (kﬁi}lp )x] (C.5)

p=—00

t@m%%%ﬁ@ﬁ%@wﬂﬁ%ﬁ%%ﬂ@%@%@%m@bﬁfﬁéﬂéﬂ%ﬁ
MIZEHMERD 2EE5I2 20T RBIZEZ NI L V.
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C.2 R #15 —Floquet E— KEH

RIZ, A7 —Floquet €T — NEE 28 H 35 9 HMEFLHEABEMEICTTE AN
T =R~V LFILY FREAE,

82
O THRT. 7L,
02 o?
2_ 7 4 2
T T dy? (©-1)
TH5H. 5, 0=0(x,y)Z(2) L EKL &,
(Vi+kH)®=0 (C.9)

INED, ZOKMRIZe 2 ), —HOIZOoWTIE, o,y AAICABKEZEL TW
5 Z & D 5 Floquet D 5E M %2 W T,

& = ikt (C.10)
=7 L,
(Vi + (ktpq)2)7/’pq($7y) =0 (C.11)
TH D JERTZ bLO KDL,
kyp = ksinfcos¢+ Q;rp
ke = ksinfsing 4+ 2t
dy
(Fipg)® = (kap)® + (kyg)®
(kzpq)Q = k- (ktpq)2
t = 2u; t+yuy
kipg = kopug + kyquy (C.12)

=7 L,

[kz _ (ktpq)Q]% if k2 — (kupg)? >0 (C.13)

kzpq =

| (pa)? = K] K2 = (hipg)? < 0

TH Y, dp,dylF TN TN lim,yimOEP EIZKRETH S X (C2)ITH D WT, iy,
ERDESI2HESN S,

w — L e—j(kmz>$+jk1;qy
pq

d.d,
1 .
= ——cikut (C.14)
Vdady
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Z 2 Tappg M A A 7 —Floquet € — N TH D, A7 5 — Floquet € — F ¢, B, Bl & 1k
eSS
//S %qdjfnndﬂ?dy = 5pm5qn (015)

EWRT AL BHARE TS 22T, S E— NI YT 3R LA DB
BBk R R U, R R T B,

C.3 R 72 MJLFloquet € — KEH

AHi Tk, B fii © A A1 5 — Floquet € — N B &2 %\ T, X2 b )b Floquet € — N B %
#EANT S R M)V Floquet E— NBEIBIX BEADODTEE—-—RETME—-—RNZ2H R 5
ZriZEoTHEL NS,

C.3.1 TE3R

TER FEWMAAIZH U THEARTOAZFREL AW PILET Yy IL A, D
2SI EDEINS, BRKHUART NIVERT VY IYYILVA=0, AW 7 NUVKRT Vv Yy
WA, RO k> ITEL.

A, = jwepll, (C.16)

7 Ue,pwldENTNFER EWE ARBKETH 5. 5o AP E R 5 (Floquet
DEH)ZHEMHT 5 &,

I, = u,y,e7heva (C.17)

¥ 7z, Maxwell /5 2 2N O fi# 13,
E = —jwuV xIlL, (C.18)
H = KII,+V(V-1I,) (C.19)

TERITZIENWTELHDT,E,, H, T,

E. = 0 (C.20)
H, = (ktpq)%pq(inay)eijkzmz (C.21)
AR I ¥ TR R T
Ht::HQEVﬂZ (C.22)
E, = (]z::)Qu X ViH, = £Z1pqu. x H, (C.23)
LB ZIT,
Zipg = L = (C.24)

THY, Z1pgdTEE— R A Y E—X VA Yy, TEE -7 NIX VA TH B HF
DIFTEE—-—FTHEHIz2RLTWAS.
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% 2T, TEXZ b JVFloquet € — KBy, 1&, A7 7 — Floquet € — F B B op,, & M
WwWTHRT &,

kyquy — K

Q/’lpq (.%', y) = %y Ypq (C~25)

LHEETE S £oC, TEXRZ btV Floquet € — NBI o, 2 AWV T, BHRIEU T O &
SIRT I EHNTE L.

ktpq

E;, = _wuktp4¢1pq(x7y)eijkzpqz
U, X Ht = iY]pth Ht = $Y1pq’u,z X Et (026)
TE~ 2 » )V Floquet € — N B 84, & A 7 — Floquet € — F B 81y, & H R IZIER A
RXAR&ERT DT,
%gwlpq ! 1p);mndxdy = 5107”6‘171 (027)

Z R .

C.3.2 TMK
TMEIEER G LU TERR S OA 2L BLANRTZ MLVET VYY) LAD 2 K
DIZEVEIPNDIZPETHD. MK NIRRT VYUY LA, =0 EKXKWUR2Z hLKR
TV YIVAERRD & 5 ITE K.
A = jwepll (C.28)

J& W 5% 5 5 (Floquet @ & B) % # H 4 % &,

I = w,tpy e Fere® (C.29)

¥ 7z, Maxwell 75 #2 X O fif 1%,
E = kI, +V(V-1I,) (C.30)
H = jweV xII, (C.31)

TETIENTEBZDT, E, H, I3,

H =0 (C.32)
E. = (kipg) topq(w,y)etIhora® (C.33)
A I 8 TR R
E, - + (2’;:;2 V,E. (C.34)
H, = ngmxw&zimwMEt (C.35)
Y755, 22T
Yope = ! = 2 (C.36)
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THY, YVopg  FTME— R T NI X VR Zgpy TME—F A VKXV ATH B. KT
D2EFTME—-—RFRTHAHAZ 2L TWVW5D
Z 2T, TM~XZ b )L Floquet ® — F B B ¢y, 1%, TE X7 b )b Floquet € — K B,
EEBRIZA T T —Floquet € — NI By, T HWTRD XS ITEHRTE 3.
u
Yopq(@,y) = —F— "1y, (C.37)

T 5T, TM N Z bV Floquet € — KB B apy,, 2 I WT, EHEFIE LT O LIRS Z
EMMTE D,

E;, = ikzqutpq"pzpq (z, y)eijkzpqz
U, X Ht = :tYQPth, Ht = :FYquuz X Et (038)

UEaFEDHDE RZ MLV Floquet E— FEBBFERELRZ22LTED,
/ Vg g drdy = 0,7 6,7 6,7 (C.39)
cell

iR T 5. 22T, 8 Fp, qldFloquet E— FZ2 KLU, BKFridl s XTEE— KN, 2% 5
TME—-RFRZ2FKLTW 3.

C4 EBEXH - KB Floquet € — KB

RS FOBEEAIE E EF TR UEZEDICAN T —Flogeut € — RSB & O
X2 M)VFloquet E— NI A2 HWTRT Z &ATE L.

2 o) [e%e)

E(l‘,yvz) = Z Z Z Qrpq et,pq(x y)+ez7‘pq('1: y) ] £kepq (0'40)
r=1p=—00 g=—00
2 o [e%e)

H(z,y,z) = Z Z Z Arpg [Py, (T, y) + heyy (@, ) us ] etikapez (C.41)

r=1p=—00 g=—00

T, r=1R0IETEE— R, r=2%2 6 dTME— K %2 X7. £ 72, p,q 3 Floquet € —
]\@K?ﬁ(fﬁ)@,e,hi%ﬂ%ﬂ@ﬂﬁ’ﬂ’\7 ;U Floquet € — R B, KR 27 ML
Floquet € — FEIE TH 5. £72, a4 T HE— FORIEBHRBTH 5. T DEIREL D e, by
& A 71 7 — Floquet € — F B¢, & H W T,

€, (r,y) = =V xXPpe(x,y)u. (C.42)
hi,,,(x,y) = V Xahpg(z,y)u. (C.43)

ERIND. WMHIEFTETARLULAEISIZTEE—-RNETME - NITB T 52BN OB HKE»

6’ etrpq et ht'f‘pq Iz li,

u, X €t1,, = ileqhtlpq (044)
ht2pq XU, = :I:ngqetzpq (045)
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BRBLZBEBRPMLT D 22T, Zipg TEE— R A Y E =XV A, Vo, ETME — K7 K
SRAVATHDE. TINS5 ERD KD IZPoynting F A2 H W TERILEF 5> &, TE € —
Nz 2w T,

* 2 _ /i
/ er, x bl (tu)ds = Vb (P@) =14 (C.46)
s 1r'a 0, (p,q) # (', q")
LD, TME — Rz 2 W T,
2 _ /!
/etzm ChD L (du)ds = Levabipe (@) = (p,’q,) (C.47)
S 2rta 07 (paq)#(paQ)

NESNE 22T, SIE—AMICHYT2HEME VT T A2 I 2EH®KT 5 Lk
WoT, TEE — N OB ALE BUIL /27, /kipg T 0, TME — N OB AL E BE \/Yipg/Kipg
TH 506, kS &KW, #5 % Floquet € — N B % e, by, 15, TEE—FH
LU TME — KR Z kb Floquet € — F B v, & H VT,

etlpq = ]\/ Zikpq"plpq ('Ia y) C.48

(

Ctapg = +j V Z2pq¢2pq(zvy) (049
htlm = i]\/ Yf;:q’d’qu (.’ﬂ, y) (C50
ht?pq = _j \% Y2Pq¢1pq(xa y) (C5].

DESITERIND. P& FFITH SR D, 8RN, 1% Floquet & — N B8 D 82 #% 5&
DEERTHEFt 2 RLOBHRADZOPF L %2 .

TPaq

)
)
)
)
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it 8D AR MNLVWEET ) — Y EK

AAT$% T, A R 27 bV FE I L (Spectral Domain Approach, SDA) iIZ k> Tk 651 5 2
R EICB T 2EBKRMA T MV Z Y — ¥ B2 (electric-type spectral-domain
Green'’s function) {2 2\ T Hi 3 5.

AR MVHEEA IR Y AEERTVEICH o, MALBREY 5 X OBAMAHY
=

EY = —jopA+-—V(V-A) (D.1)
Jweo
H® = VxA (D.2)
THH, ZTNEND 2K DI,
1 0 /[0 0
EP) = — (=4, + A D.
z Jweg 0z <8x * Ay y) (D-3)
. 0 )
tiEond EXEARZ NOVHEETEEIZ,
. B T
(s) ep 7 4 Pyg D.
Y x Fo, Jy + Fing I (D.5)
B9 o o gy K (D.6)
: ktpq ’ ktpq Y

L5, 2 27T, (pq) lEFloquet E— FDOXETH 5. £ Z T, Fig. DA(a) ITRT &K 5 ITH
il RN TEHRT 5.

u J—

.| =

2 2T, co80 = kyp/kipg.Sin® = kyg/kipg TH 5. 25T, 227 MVHHIE T, HIK EIZEE
I h 5 &I,

sin® —cos®©
cos® sin©®

. 1 (D.7)
y

J = Jyu, + jyuy = Jythy + Jyty (D.8)

E B Lo T, ART FIIVEHEIZ B T 5 X (D.5) Dol i,

, —Kzp + . kyq =
H® L J,sin® + L], cos© =0 (D.9)
Kipq Ktpq

E B FRRIZ, AT FIIVEHIEIZ B T 5 X (D.6) D ukk i,
F(s) Kep 5 kyq 5
EY) o« —=J,sin® — —J,cos0 =0 (D.10)

ktpq ktpq
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B UEDZ NS, RERDuKDIZ ckofTE?&ﬁfiU,vﬁJ‘zﬁtzotofTM‘J&”fﬁ
BB bnd Z0FHEEY M) Z7ARATRE R

Zipg 0
0 Zopg

Ju(p,q)
~ D.11
lJv(p,q)] (D-11)
B U, Zypg(r = 1,2) BAERE A BB EF L E D RE B4 V- LV ATH D, r=1
ROWETEE — R, r=246RTME— F2 %73, ERX2XD7)OBKE T (2,y)
Bz A3 il

f:?a(ss) (p,q) _ Z1pgsin® © + Zap, cos? © (Zqu leq) cos © sin © J},; (p,q)
E@(,S) (p,q) (Zapg — Z1pg) cOSOSINO  Zo,ysin® O + Zy,, cos? O (1, q)
_ | Gulpa) Goya) || Jo(p,a) (D.12)
Gye(P, @) Gy, q) | | Ju(psq)

ZIZT,GRARY NIVEEE Y )~/B§§&faﬁﬂ) AR NUVHEIE ) - VEBEES
BRRXEVBOND Z, 2 HoNIE K.

?‘{

. 1
Zrpg =
SRR

(D.13)

EFRZ 2=ITOERKFLz2=ITOHILERZHEBENITE2ANAS YV E-X VA TH 5.
EEL YR G I TOBRBEY 2> 12 RAALLEDANT K I &Y 2, Yoo
B 2=ITDERFTIV 2<IZ2RAALLEDANTRIRZAVATHS. M2 EHR
BEho FHE2BRAAEBAEDANT I &Y A,
Yo + Y1 cothyot
Yy cothygt + Y7,
THZOND. 22T Y 3HEORETFIXAVATH, VLIFAMOT FI XV R
TH5 FABEIZLT, Fig DIG)D LS BHEEDANT K I &Y 23,

Y02 + Ylll COth’ontg
Y, =Y. D.15
02 YOQ COth"}’OQtQ -+ Yi ( )
THAZLNG. 7L,

Y, —v YOl + YL COth’letl

ot Y01 COth"}/Oltl + YL

Th5. — i, Fig DIC) TR T IO CBHBPAPBERF LV HEMtZTHAT V354
T, A DI I RDFHEEE T L IX L.

Y
Y(trans) _ 0 D.16
Yy coshy,pet + Y sinhy,p,qt ( )
P27 U g = oy TH B, LT B85 T,
7 1 rans
Zrpg = y (trans) (D.17)

Y(top)+Y(bottom) rPq

ERINDB. DLEDEISICLTRODNIE, FERPLEOLETHAEG ICEKN AR
2 FPNVHEEZ) - VEBEERDS I EHNTE S
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>y

u

(a) A new coodinate system for spectral-
domain immittance approach.

(b) Equivalent transmission line model.

E®

T ol on
J N

(c¢) Relation between the current and the scattered field at different z.

Fig. D.1. Equivalent transmission line model for deriving the spectral-domain Green’s

function.
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Incident wave Reflected wave

ko d, sind ko d; sinf

=

7

kod, sinf

Transmitted wave

(a) No grating lobe.

Incident wave

Grating lobe(s)

kod, sinf

ko d, sin0g Fd—{

(b) Onset of grating lobe.

Fig. E.1. Onset of grating lobe on a one-dimensional periodic structure for plane-wave

incidence.
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Fig. E.2. Grating lobe diagram on a two-dimensional periodic structure for plane-wave

incidence.
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