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BRERICEAE SNIPE T ¥ 7 T O REHEME O ESE, 5% 0 HICEM %
FBRNOBHPYPHFETEZL5DTH 5.

AR CiE, B e RIS 2 BRI MR T ORIt LS5, LB
T ) D ORED S EIBATES ER STV A v ) BT S, 208
FISHIRE & W ORI EE T 7 L — R - EITI T 62 i B v B s
SYBER - HH~ A 720X M) v 7B - XYy bEETAERKSE F
T TFORM R T, F, MAEREA NV THEARSEERGEREE X
BA T 5 DR 24T\, ZRENOMNTIED EH #BH O 3E KR 5 F M DMt
AT 0T RE T DL DTH 5. , .

52 HETIE, SiB{RET 7L — FRBOBATIC O W TR 5[13]. HiRBE
BARDFE R & WAL 72 E OB O R I AN 2 D FFE T NS 2 ADNS A
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R B, & OFREEE U CGETECEM O BN & B3k T Hv %
CEDREINTWA(24], (25 F7o, BRBETH S I EITE T HERES
R WARWE T B WK 5 EREITRIE T CHUAAHEEORES % L
EF LD, BROEEIERFEEONy 77BEHEAT AL, EBRELZ K
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W, RVWEERBEIIC D 2 BRO BEER - VAEREFEORMEE L A
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H g3 T R & DEBLPES T LHFORMEHT AN 7L —F
RNy TR X WS R BDN29], 7 DR RO R BRI R SR
A S 2 LA HIZEREROLEIC OV THI AR W30 T4bb,
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A 0354 VBBRVEAT D, <4 70l - IR OREO—Eh I 8
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HIEWTED, HoT, TOTIFTUVFIFIALATIDE I, s %
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ZbhA. B X VHMT <4 7 0ERBICEEFROIE] L2 0
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AP EH IR TWEETTLDA. FHRIREF 7o 7F13, AN BRET
BEFICHBTTRETH 5 2 &, FHE - KTPHREISHIGTE 52 LE0RE %
DROBEEERT 7 FICELTEY, IFRRARINERIED bhTw b
[37F[39]. D7 ¥ 7%, MM, B TATICE 2 /- AR B %7,
Z L TR E B FRF & 2 H R TAERY U BRI Twn s,
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FAVTHEOIIER BB EELZEHNTESL., LA, AUy FSHEHER
IZDOWTEZ 2EBICOWTHRET L&, FFOMS RY TIERAZEN.
AOMEREIC X o TR ONAT v T FOEERPL, AT A TV A
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7)) TEHRT L EHEORBERICBITST T T OB RS ERL Z LA
TEB[12). AETIX, ZOFHEEL2HWT, EHEFR2HE LS8 AER LICE
HEEINDPOBEETIZAY v PEFRII R F 72 7 F OBt 2T, X
)y AR MR & TR REIC S A AR OWTH LMY B,

86 T, HARFEMRGERE S X O 75 OB IO W TR 5[43].
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YE HR A FEIT A7-012iF, —2 QIR EICEARL —5 - HIHEE - 2
SR - KA RIS AR L7z, BN - e ICEN TR O T AL
EELR AT 5(44]. SEREN B OFEREWRE & L Cid, HAREREE
FiebELTW5 E SN 545 HUATEN KL, BIRW 2 BILH A 4 At
HREWCEYD, FEEERORIECICHBM L) bThAIBHIROENIT 2
WLz DT, RFEEHTHAZ L, KIBEETHAHZ L, RENFHETH 5
72O B OERHIERS ThH 2 L5L L OIFMERF>. TOHIAE I
B AR S NS PATICE S TR E L 7' 91%, AROZEMEE T &
LTCRETTERL, BAAL v T, RERGFSFOARNE EFOMBERE L
THLHEERZDLDTH 5. HABEREK S 75%, B MakEELE T 58
WRDEHTZdTz> T, LIV ML POBEREIELZH VAL ENSH Y, &
BIIBWTRBERERBCL 2N E1T) . BRERER, FEEEKKD X
) HEBMELI VIR A, PRVEHERTHVWIIERESEONRS



L, BERKOEERIIAZICEHTE S I LEONEZ HFOBENHBET
B 53], [4], [46]. HREREDOEEILIR~OBEHA DTS X LEHEBEOR 312
HHL, EBOI7WHICEWERO TV 2 BATHEN 2175 . T, Bl
@37%%0%?wﬁowf%®ﬁﬁ%ﬁ%%gﬁmL,é%K,%@:?é
PACRBELTH T T E LEEFMIONT, Tk LTEORAEMSIHS &
235, F7o, BOWKLEEOFEREICOVWTHF LIKFT 5.

BT EIERTH D, KR THEONRELRIE L T3,
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#%H-rlaaﬁr:giﬁ;f (C & ZD
L — HRER DR
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21 K&E

R EEAR DS R L RS OB B OHER N ZDEFETINA 2
DISADIE SR E N T 5 ([14]. BIREEEER L vz A My TR
BB - R TH B 7-DITEBE OV DR TMERED T RETH Y, HFE0
BN DOEMRNDIGHAE 2 5T A[15].

TROEDTFNAACHWO N AMBEE L LTE, BRISFERO—-TFOHED
ATRWI L, PERETLOBERSES 2L, HEEBEELMAGDE
IV EERS, ITLU—FROEBREEINEL TWE, BiEnEAY
W3 T L — FREOBITICOWTIX, IRFETIIDVL OrOHmEND 5.
LaL, EROTFNA XTSRS EROE S ERORARYF CA — 5
THHDT, FREMNELH WENNRFER6IEL TE L THEROBIR
BAELZB)®Z D FEILEL RAPZDL ) REHERE PRI TH
A[17], [18].

T, =R SHI I (finite difference time-domain method)?S = K ITTAH 1 (24



TANHANRBETEDO—2 L LTHEEEZBHTTEY, <4 270R MY v 7K,
I 7L —FERESEOMITICE S EBHENTWA, $5IZ, Luebbers %’K XoTH]
% & N7 frequency-dependent finite-difference time-domain method[10]iL; 25408
MR & D BERL S N2 BROM 2 Vv CH i L CHEREER D7
A HM T, TEHEEEZOFEZ S LHIICLZIDTHA.

RETE, THEETVDOLE LN LBIZEKRDOEERE Luebbers 22D T
rHWT, mmﬁh%37b~fﬁ%®%ﬁ%%%ﬁtﬁé 9, BER
DBEFREERD 255 B MEBEANOH 2 A BT T DOWTHR . RIZ, RO

w%@%%%@tf%mﬁh&:7V—%ﬁ%wﬁﬁ%ﬁw,ﬁh%-ﬁ%ﬁ
DMBETHHZEZPHLPIITHEE BT, KETERERT AFEOASE® R
3.

22 ErEREEEEIC L 3SEBEEFADOERL

221  EHEEEEE

AENRHERER, 7272 VvOFERERHEES X OZ2REEICH L

HEESMLL, MBS E LTS R4 s, BRAOHMISE B X
R L TR R TH 5.

9, EARMRESICOVTHIT 5. B - &5 - 58 - BIBLOT
B Maxwell D HRER,

oH
VxE=-pr (2.1)
VxH=¢E (2.2)

ot
%, HABERICBWTEEIITTS AR EHS.



oH, OE, OE, -
M T ey e (2.3)
0H, OE, OE

RS T ez T ax ‘ : @.4)
—u GZZ _ aiy _ aix (2.5)
) aaErx _ agz ) aal? s
. 66E;y _ agx _ a;iz 2.7)
SR E aalix (2.8)

BRI OZMBEBRREE Zh T Ax, Ay, Az, WHBEBHBEE At &
LCEMEEATY, SERAESEH 2.1 1ORT XD 2220 L OB RICiE
56, C0k X, B, K24, RCNEXRD L) ZEFRIHFEIRZ L
TENTEA.

HP Y24 1/2,5.k + 172) = Hy 126+ 172,k + 1/2)

At ENi+1/2,jk+ 1) —Ei+1/2,jk)

Z Az
(2.9)
Ei+ 1,jk + 1/2) — EXi, jk + 1/2)
- Ax
EN* 1, +112.k) = Ej(,j +1/2,k)
Al HPF V2G5 + 12,k + 1/2) = HT V26, + 112,k - 1/2)
+ T AZ
(2.10)

HI V2304172, + U200 - HI 2~ 172, + 1/2.,6)
- Ax

2T, BIZIERGTENG.jK &, WA nAt BT A, EMERG, j, HTD E,
Bk ERT. N210)E, HABTETOBARLOBERLS, 1 BEREERAETO[HE

10



CRFRICBISEROME, 172 BEBIEHTORBMOE T SOBADMHED, &
RIETEAZL, T4bb, BRAORKIMIGEEZERKD TWL 2 EDTRT
HHZEEZRLTNA,

Ze R R R & BE BB NS BR S EDST X B0, BT ORED -

BDIZ, KD Courant T W § 2 EWEFE I B6).
1

(2.11)

VoAl = 1 " 1 P
Wmm%mm%mmz
v ik, BEROKHETHS.

EOSEMERE T, BONABMSEEREY 7 —) 28 BTEI LI,
—EDYIaAL—Y a VIIBWUERERSORE BN 2 ROLZ DT X
A, X7, ZXRTHBEHTHY, BEHEBICBILIETOERRABISOKES %
HHERDTVEOT, RAHGORBEEIL - SBEERE RO 52 &, Al
6 O SRR D% B % S BB 2 SR DGR A R 5 & L5 L %
ZTH5H[8], [50]. T4 V¥ WVEKEIZBIT 270V A DEREHEO BATIZ L B
LT a7, o B0, FEEMET 5 R 055 %18
B EDBEI L > TVS, BHEO FHHERERIC BT 5 FERNG.2 5 h i
i, ENEEUHRBEERESE 7 — ) TEBE S LICE D, BREERICB T
BHERBRAAE S N A, Rplid, WL TOHRER L BROB AL
DEDFNBH, S EEMFIRE TR T T OB DB BERAL S h T L
BEEFFALT, TOHEEARME L TREMWICHET 22 EATE 5
[10]. BAMZEHEFEIC O W T 223 HiThR~<5.
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E(i+1,j+1/2,0)

/|
H(i+1,j+1/2k+1/2)
L (Y

E (i+1jk+1/2) E,(i+1,j+1k+1/2)

E (i+1/2,j+1 k+1)
H(i+1/2,j+1 k+1/2)

——— g ———
E(i+1/2,jk) H(i+1/2,j+1/2,8) E(i+1/2,+1,k)
It

E(ij+1/2))

2.1 Yee &1



222 BIzEFOZREETTN

BIRERP T, 2HOEEETD 1 Moy — =B HUTF, Bz
HETLIRDPEE T AVF %K) TR BETIHD, RERBERICHLT
T LD EFRAE TR, MR L FOFRIBEICB W, BEEAkd
DETOREBTIFBLEET L LTRHFHELTELY, 000848 Tt %
L TWRWERERRBOBETFOT, FREEFLENNFLET L. BIzE
RICRHBER LM T 5L, TOBROBAZETS X ) \GBIZEE IR E
TA5Y, BEOBEHOZDIZEROELICELIIIERTEY, HHHLER
RCBRBEEENICRS. I ORRERIC L - THRE S NS EEET 5
74 ) UREN L o TEBT RV F— 2%, BHRLOREL % 5.

COX) HREEBET L HEERETORAGRKEBTODLS TVICOVWTIE, —
WAHRET VA EIFINEE R e FATIUTEHEICHATE, FITHED s
IWEEEARICBVWTEIMEE R—F 2352 LA LNTWS[20. SO
T, BIEEREFRAREEREETHRAED 2 BOWMEIRET L L L, Fis
BRNTRACOVWTOAEFERICL ZEBERMEEZEL T, ThPhOWK 2
Ble BB A TRAET S, ZOLE, BRE OPTOBEEETBIUE
FREBEFORFHFERNIARTEZI N5,

do;

mgt————eE (212)
dv, v, _
m +m—t———eE (2.13)

ZZT, v, v, BRENTWBEEEFRAE, FIEERBTREORTFEE, m ik
B OHRE, e 3BTOEMN, rlEE=OBHIRNE KT,
BIEEETEEBIPERERBTFEREL n, n, L35L, ZhEhOWKIC
XS HBIERE T, I, IR THEZ O 5.
J;=—nsev; (2.14)
Jy=—nuev, (2.15)
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BURER RN A ERREEL J &35 EXXPWILT 5.

J(w) = dJ(0) + J(0) = 0 H{0)E(w) (2.16)
BRI % jo CEEHZ, R02.12)~2.16)0HFKMNEER 0, 2 KDB &,
0wy = 1T J{"‘ez y 0T } (2.17)
m(1 + w=t*) mow  mo(l + 0°t°)
FInERKBOEER g ,
0,=1T (2.18)

BX, oy FromRfEAEA
_ m
A= /uonsez (2.19)
HV, 2512 PP < 1(f<1011Hz BEYTHLETHE, R(217)iF
Oeﬁ(w) = OnT _Jwﬂ()}\:z

EHALTE B(19]. uy ZEZOEBRTH 5.

(2.20)

223 SRBEEADERL

FE R AR
D(w) = eE(0) + P() = (&, + x(0)E(w) (2.21)

A7 — ) AL, RHEBIZBVW TR 25,
D(t) = g, E(2) + 80 E(t - T)x(t)dT (2.22)

TIT, g BEHEOFEE, (o) 3HWE, g IOV TEHEET 277, HIRK
DRI BT L HFEELTH 5(10](48].

R(2.22)\ 72 /W I SRR & ARk OB #h L C OB LR K L, 4 TOmER
FRBEGHF <O BN TETH AL ETHERN LS.

n n n nem (m+ DAt .
D" =¢y¢,E +80m2 E fmm x(v)dt ’ (2.23)

Ampere-Maxwell DX,
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aD(t)

VxH(t) =

Faﬁ&v\?‘“?aﬁuowfr] CBERUE L, N@2.23) 2 HWT Er [2onWTHR <
&, BIRTE, AT onT TXRAEZHF5[10].
£,(i,j.k) + Axoi, j,k)

(2.24)

E" 1 j+1/2,k) = 02 o CE(i,] +1/2,k)
y £ 1.7K) + 2olio K)
1
+— — "G,j+112,k)
e + xotingd) T
At /Hy“%u+1nk+um-Hyﬂ%u+1Qx—um
{ES(I,J,k) + XO(I’J’k)}SO\ i AZ
HI V234 12,5+ U2, - HM V26— 12,5 + 1/2,k)
- Ax
(2.25)
ZZTE, RROfHEODIC ‘
. (m+ 1At . o ‘
A m(i-J k) = fmm x(v.i,j.k)dt (2.26)
- AXm(i’j’k) = Xm(i’j’k)’_ Xm+ l(i’j,k) o (2.27)
n—1 o : : B
Y, jk) = mgl EJ ™0, j k) AX i, ], k) (2.28)

EEFZRL TS . COR2.25)% HWT, SEMEEERICBVLTY, BEoE
SRR & AR B A ORBIEE 2 BAKO TV ZENTE 5,
N(216)D J ALY Y54, FRBSIBICBIT 5 Ampere-Maxwell Dl

VxH(w):jwsE(w)+J(w):jwso{s,+ Jﬁ( )} () (2.29)
ThHLDE, R o)l YT 2HIE
Ogl®) o, 1 1 1
x(o) = Jorg ~ ney Jo spci? o7 (2.30)

&b, ZOWT ) IERERDL L, KXEHESL.
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ney  golph

ﬂﬂzV”W+ IZJMn (2.31)

T, UNTHENRTy B THAS. AL, RMEBICBVWTRE.3DD &

I RIRARB R W/ RO LG5 720, FK(2.30) DU
o,n, 1 | dé(w
Enﬁ(w) - 80#())&2 jﬂ~—;(w—)- ’

BABEEMATT — ) IERET>T V0D, d)ET4 T v 2 OF VI BT

BHb. IOROERFETIE 0=0 ST HEEERDZ I ERTEF, B,

7 A R B R U - B B ECCIR T B (10).

HEE o [EBODWIEEAT T,

GCC
x(w) = Joe, (2.33)

(2.32)

(0 =G2U) (2.34)
5. . | |
&5, BERE o, DHEFEREEZ DBICOFE LED o), x0%EHvh
Eg:=4ny - |

EC, 6 122V TTH B, BRAOHMEBICE 2 TOLBEICHERTD
K BHFEN L NZ ED BV, ZD70, EEOSHEEEPICBITA~ S 2
O - IVFEDELTVEEZ BRI, BI21E, KIZB W TIZERSEATH
BL7ZZBBEBCORFEEREL, £/, 4 FCTWOHD) PEAKRPOET - E5L
TIARIIBWTE, TIXIPIHFE L RWBEOZO 8RO FER Y
Wb, RIZERIZ DWW TIE, Mei FR201CHE- T g=1 & L7zA, BE®D
Kessler ZEDIME17]D L H 1T =0 & L72HE& D BMEFEHRAEOE TR
v,
FIBHEOFTEAT T ZOFRROLFEER ¢, TV, FIEEARTIE 1
k#é.?&b%,ﬁ@%ﬁfﬂﬁ?A¢fﬁﬁﬁﬁ%&#ﬁﬁﬁﬁﬁ%ﬁE
A THRT A ENTRETH A.
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2.3 [RITEER

2.3.1 SEBEREITL —FHEBROEM

T, AFEOHMMLRT 20T [17] Lo+ 175. M2.2 12
FENT 2 AT ) Wi E T 7L — FREROBE B X OBER 254, Mo ¢ i3
BHREERL, 22T e=0.25um Thb. BIEERKIE YBa,Cu0, ., HEKE
FMIZ LaAlO; TH D, BIEEAKICOWTIR A=0.24um, o,n,/n=4x105S/m,
BEMIIONTIE £,4,=24, 0,,=1.1x103/m & F 2. BIFIE x=0 OIS
BEZ B2 1/2 EFIVIZOWTETD.

2.3 DEHC Yee IO AET 5. x HIENORAN SR BRI = &
ROBRAFREZZRL T 0.126um & LT, RGA DEALDTRR Ik B I120 R
T 0.25pm, 1.626pm EREMEEZRES L, y HALRSAOLICHbET
0.25pum, 1.126pm LFHIREEZ THELELBABORREMS L L b IC,
T 7RIk & DTN MRS B8], F72, 2z HINDSENEIE—REC 1.0um &
Th. RHTRECIE Mur OWRIEIRSHTI % B . MBI A 1
Courant 5f(2.11) %723 & 512 At=0.37081s & T 5.

F=0IBVTAT Y NAD BB IHRL, 2T Mo B, B o
% IE E@2), Etz+NA) Z8ML, Thooy—1) nkm Ey((u,z) ,
Ey(w,z+NAz) 25, RN VERERy(0) = aw) + jfw), NAHEE Y (0) &
Kb 5.

- Efwz+ NAY)
exp {(-— ’Y((D)NAZ)} = y_E’%o?_ (2.35)
y ¥
V() = 58S (2.36)

Z T 2=2242, N=3 & L7-.
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X

4

2G |, 2W ,2G air
isuperconductor ﬁ superconductor § —‘_c >}
Z
LaAlO,

2.2 HEBEEa T L - e

j—l-__-____--‘,_-__ﬁ—___l
- : |
13Ax30steps h:\ magnetic wall . absorbing boundary |
I D L 1
1.5Ax8steps RN X |
""""" |

s T B\ g\
1.5Ax8steps i |
—1‘— -------------------- -i ------- dielectric ------- ’
13Ax 30steps ! :

M 1
o Lo ___
;IA ;!
2 Ax48steps ’ 9Ax16steps

2.3 fRMTFEIR & Yee 6T ~D4E]
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FRNTAE R % Kessler FFD AN MVHETEIC X 28171 &£ B IZH 2.4(a),
OITRT . RFFEOMHTHERIE Kessler FOFKRERL—KLTBY, A
SIS & AR TV B I B F S EIEIR SR O T AR TH B 2
EDHL P R o T.

2T, M 2.4 OFEICOVWTEBRMICERLTBL. BIZEABERE DT
TR EZ 5 L, BROBMES- VDB R BLIOA V¥ 25 R L

WEBIC I T ORTE 2 51 5(24].

2. .2a43
R=2p -2 o'mhron, , (2.37)
w s w 2n ,
20 ned (2.38)

L=L,+L,=—5—+—5
ZCTC, RJZTWMBET IV LROL-BROKREEIL, L, L 3FNEFNER
DWIEBA ¥ —F L REAA v E—F VR, w 3B, 4 IEEERTH
%. |

:mzwx@3&#%:@&%&%@6%%@%*@5&,ﬁ%%ﬁmw%o
HO 72D\ FEEO “FITHBIL TR, AR R B X o
B ENDYE. fEoT, {EME— FANHE TEM = FEh2T 71—+
MEEILBWT D, AROFEIEONEbDEEZLNRS.

BT % ¢=0.25um, 1.0pm, 2.5pm & 20 X7 & X ORI,
VAHBE % 2 EN 2.5@), OIWRT. 72 Au 2HW:, B UEHKRED o
7L —TRBEORBFEER, MAHAERE LS ORYT. Au OEFERIT 300K 123
VT %18 0,,~4.51x107(S/m)& LT\ 5,

B 2.5() T, BEEFRKELS L HICONTREINELCRY, I-8KE
A% 0.25pm~1.0um D TRIBICBRFEEEOZEMLL TS, T, BizEfk
IZoWTIZa Y FrOBFRAEL 0.24pm &£ LTEY, ZOMHEICITWERKE
EROBEICEORICBBEICRIET 25 DEEZ LNE. Au l2D2WVWT Y,
B 21X 50GHzZ I BIT A REEZHT0.34um TH Y, FHOBERIML > T 5,

B 2.50b)Tid, BHREFKEL 2O THHEREOEAKAEL ZoTW
A, I, BERODHPEZBNESSZEICL S, /2, Au TIREAK
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BAMEL 72 B ENMHEED/NE L 2 A0, ThiE, BEEARTEIERREINK
XL A LBEBARNOBRNIANVFE DAL, ZONLA V575 2 APKR
XL B0 THA.

L L L AL e T T T T T T 7177

150}~ superconductor(YBa 3Cu 30 7_4,77K) — 10 B ]
T : . present analysis : '7: superconductor(YBa oCu 30 7.4, 77K) _
s r 1 X k i
£ ~ o Kessler - Zf,;- . ————
‘5 100~ -1 E T 1
2 L 13T -
8 B Jd o s} .
c ° ° present analysis
] - ~ o -
=1
3 sor- 7 g = Kessler i
2 L 15 r i

ol [N T WO T TN R B ob—L—1 L 1y 4 1 1 |
20 40 60 80 100 20 40 60 80 100
Frequency [GHz] Frequency [GHz]

(a) (b)
£ 2.4 EiRBEE D L — RO

(a) WIEEHK
(b) NZAHEZ
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Attenuation constant [dB/mm]

2
%’
o
o
g_;:“
3

!

- - -

20 40 60 80

. normal conductor(Au,300K) - ':c_g
—,—"&-0-25”"‘ X
———T N w
7 E
_______ w 4 £
__________ 25 ]
= ) §
0.25 N o
1.0
T 135,
100 120 140
Frequency [GHz]
| (@)
2.5

(a) WEEK
(b) PR

21

T 1T T T I T T 17T
12 J
superconductor(YBa »Cu 30 7.4, 77K)
- normal conductor(Au,300K) N
g m s ~
- c=25um
10}~ s
-, - .
- 10 |
s
o 7 > 025 |
N U T T O O O I O
20 40 60 80 100 120 140
Frequency [GHz]
(b)

FARE I 7L — TRk L DL



232 EHEMICETIESR

AECHE, HIREEET 7L — TR OESENEICOWT, R4 OB
R oERT L. WEH, HORHEEBE TR T 2NV ADRAFy T a
FATREND ZENLV, ROAE BT IR EWNT IS E 50
»Hb. I TREEOFHEEBAOETOR T TERRAD 6 WodFHINT
VB EW)HETHE DL, RO ERDIZVERTERZ N OV 2 ORI TE
RRERLTT =) AR X DHBEBANRS ML ERD, FEOHBERICBIT
BRI A LT,

B 2.6 12 LK c=2.5pum) D PRI (x=0um)IZ B3 2 BAENERD H, O y Ji
B 7204 2R F . Hy i x=0pm TEARREN L CHA IO 5.
FAREATRIEEAORARDHEBIC L > TEL T2 25, BIREATIRA
BOZEZ R, BEREIFRTH L5, T FUOBARARED HVIFRE
BECBWT H, 33T 1/e [CRFELTHY, e=2.5um BETEAKD TN
LOE R, HEEEROBEIEIH A AR A B 2 EHRERT Y
5. | | | |

E276i#bﬁﬁhzzmeUﬁﬁﬁﬁ@TCﬁ%%ﬁﬂA%%mMZHHé
@@xﬁﬁﬁ%ﬁﬁﬁ%%?.ﬁﬁﬁ@f@ﬁ%ﬁﬁ%%ﬁmiof%WLf
WA, BIEREETIAROZAR R, BEEROEIBEIRIN TN A,
W& b z=2542z TOBEHERTH 5.

PEokRL Y, Br&a 7L — g, HREks Hncnaicib~T
BRI D TR E L AR B 72 TR (, MHEEDOREBREFTL AL R
WIEBKRERFHTHLZENDDS.
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| Hy / Hy max |
o
(4]

s
(]

superconductor(77K), c=2.5um

London penetration depth

L

41.1GHz
82.2GHz

1 1.5' 2
x{#m} (y=0um)

@)
X 2.6

| Hy / Hy max |

superconductor(77K)
c=25u4m
41.1GHz
82.2GHz

'S BE ST 5 B I U O SN

05 1 15
y[um] (x=2.4375 1 m)

@)
B 2.7

| Hy / Hy max |

5

| Hy / Hy max |
o
[¢.]

~
)

41.1GHz
—— - 8D 2GHZz

skin depth 82.2GHz

normal conductor(300K), c=2.5 £ m

41.1GHz

0.5 1 15
x[{um] (y=04m)

©)
FLiNERT O x F N OB

(a) BHiBREDT 7L — %

(b) FIEEI 7L — FHK

normal conductor(300K)
c=25um

41.1GHz
—— — 82 2GHZ

0

0.5 1 15 2
y{um] (x=2.4375 £ m)
(b)

HULEART D y JT OB AT

() EiBRE D 7L — %
(b) FinEa 7L —
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i
il

2.4

KRETIE, Z5RHEEEEZ BV CSIRERET 7L — FREORIT 217 -
7z. ‘

TWARE TV B N S BRSO BRI A & 250 R AR I A A
B, FEBIEET T L — FRBEOEK 2L RO, FTEBEICOWTHER L
MEDLZNWZ LW LN L. T/, HeDBEEREICONT, BEERSB &
ONVHEEZFRET T L — L L, ZOREESE - KoL 5
Uz L7 |

HIC, SRR L 0O N RS COERAMMIN S, 7
B A B THE OB B 5 BREASA % RO, HiRBEEANO R
AN OWT HMEN L 7.
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E 3=
=588 131#17.!:7&%\# ETETER

e X VU IRSEE DR

31 &F&

B - KRR RIE S R T A DESL VT THNRZE R 0B 23 2
DEEWEHBH SN, ZRHIRIE 300GHz £ FEHT X WM %D LiNbO,
FO, FEABRBRGFRERDE N IT R R RO e 25TE 5D 5 R
TV 5(23). EATEIELERLS Tk, BEROERBRLSRITE > TERD=ERD
BT, ZERTROWMPENIE 255, ZHIEFHRERO BICEL 2 RIE L 7%
5.:@%%&tLfﬁﬁﬁﬁﬁwﬁﬂﬁﬁﬁﬁﬁﬁw%mwé_k#ﬁ%é
TV B(241126) F7, ZEF S V) B> FRTH A Sl 1kt B S
SIED TNAEE DT ES & WET 72012, BRLEHIC S0, /Yy 7 7 g%
MATSHZE, BREEZAE TSI L0261 28] 35EED 5 L CIFhRT W
. BEo T, BATHRHAHE T, 2N S OB 2B DSEUR X 5 3T T 1%
ERVT, IRVERBEIC D7 2 EBORIEEE - M RSO 2 I 5
P LB DS .

@ﬁ&%W@ﬁ%%L&Lfi BB MR, AT OR #
ﬁ%t@%ﬁ#&%f%éﬁ@%&%ﬁ#é#ﬁﬁ:7v—fxbinﬁ%
WL CH OND[2912%, % O BEE B O JE W BRI BRI MR B &
I L2 B0 v, B, R R 2R T T L — 2 b
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TSRO BRSNS DWW TR EIC I 2B AT E TH HEEZ N A,

METI, 20N VW CHIEEE T 7L — FHBEOMBER O
M B R B AR AR M R R, 2 OMKIREN - KB EH O MICL
[13]. REIZBWT b, ZOHRHIR T & BB RO ZRMAEE T I19], [20]%
VT, Z-cut LiNbOg F84K 112 YBCO BlInEm B TRk L 729 B o 7' L
—F A MY v TR, LiNbO, AL LOFERS L R M2 b E R L AT
5. 8RS, EATHERE L COERBEBAS, S0, Ny 7y EEHALC
R OV TR BGET 975 ‘

33, BRBEEIERR I TV —F 2 MY v TRE(YBay,CusOry, 77K)D IR
TR - MR O IR % 80 H OBAKEIC O W T RS, BRIIHE{EE
(AL, 300K)% V=38 L BT 5. KIS, Y6k & BT L ORHES % I
B12OVEBT I Si0, Ny 7 7 BR A L72BE OB OVTHRITL, W
TEEB - MAREEE D BB Z W ST 5. 72, YHROBHREN
LEWEDBEERADICEEYR, FHA LV E—F YRV TOIRET A
[21].

32 SRBEEFAZAVETEER
321 HEMETN

FERT 24T O SR E8Ia a7 L —F X M) v TR OREB X AR
%31 ART. HHo c B EEROE S, hid Ny 77 BOES ERT.

BRI 5 BIEERIE YBayCus0p, TH Y, U FYOBARAR A=
0.24um, BIEEREDOBEE on/n=10x1005/m &5 5. W 5 HIEEAE
AL E L, Z0BEET 300K 12 B B 0,,=3.72x107S/m & i 5.

SEPRERRAEIIE I~ 7 A% £ VDS RR R R ERE ) |4 L C B %
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7)Y DT, BITHELZBRT LA, ERTOFHEEIT) L ECEFRZh o
HIDOFERE VB2 T L, FEAIERICTIE Z-cut LiNDO; 2V, x,
v, z DFBEE T MOLFER L LN 28, 43, 43, B E%L o,,=
1.32x102%S/m &3 4. Ny 77REiL Si0, &L, ZORFEERE 1.0, EEX
% 0.,=1.0x10138/m & § 5.

Yee BEF{6I~DO0EH %K 3.2 \IRT. ZOMDEGEIE, 2W=4.0um, 26=
2.0um, ¢=0.25pm, bzoum(/w~7 7 I L)Tffa?ﬂ)', %2 EOITL—F#
WORMOT S FT L=V ERDFH 72 BIRICHYST 5. o rL—
ANy TR NS B R B 2, 2 O XD ISR RICEE
BEZBWT 1/2 BT NWETAHZERITETY, FiIZa7L—FHEEX Y A RHEA
DRDEFYFREVEZEZ SNLDT, BHFBROBERRIE 2 M AKX
%o TV, BFTEIREICE, Mur O 1 KOBINEREIHTIEHVTVS. x
TORANFENEIHADRARL L OEAROE S 2 ER LT 0.126pm & L,
VELG FREAEEOWIRE XA 7202, RO OELIB RN IR BIcOoNT
0.1875pum, 1.625pum EHFMEEZMIIKEL TS, y HdFRGADEI D
HET 0.26pm, 1.625um E7EMREZEZ 5. 2z HIANIH L i3S —kk
I22.0um &35, T, BEFHEFRHIIRE Ar1d Courant &HF2.11)%07-3 X512
At=0.3708fs & § 5. |

KIZ, RETROLHMBEEROENFFICOVTRERTEL. ¥, BFEE
BEAHERREIE, 2 FEFMRICLTREQ.35), RQ36)PLKRDL. XFD 4
NiZ, KETE 2=2542, N=3 & L7, ¥/, fulLBREEHBEROMOBER
DB 5RO 1 REHBIED 7 — ) TERV (w,z) &, FLEBROEFOR R
DFMFE G2 HROI-MBEBHRO 7 — ) 2E Bl (wz) ZH T, KRITL D4
WAL Ty %KD B, |

V >
Zo(w) = I((::z)) | o (3.1)
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z-cut LiNbO,

3.1

HImEREIES T T —F A M)y TR

13AX30steps

1.5AX8steps

J1

1.5AX8steps ‘

u

y

h
AX2steps y

h

-

h

! 1
i -

absorbing boundary I

v air

w’ anducmr§

K | - :
13AX30steps | | | z-cut LiNbO, |
p Lot I N
- S —
13AX24steps 2AX96steps 1 3AX24steps
(A=0.125pm)

3.2
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322 IJEWNMROTL—F X M) v TRBIETESE

Y, Ny 77 BOBEVERNLZEFTVE LT, M 3.2 OBEOERBEE
IR TV —F ATy THREE(YBa,CusO,,, 77K)ZIBNT LIRS R %2R,
MFEEB B X ONAH R OB 2 B EERNHF I T L—F R M) v T8
BH(AL, 300K)DFFMEE 1T 3.3 1R T. K 3.3 1BV TBEEAE HW-5
GEMZ, BREARENCHEERICHEL T, EREIVNEL 25771
TR, NMHBEEOTHMNIEAELZVWI EFRELEMTHAIEDNDIS.

T T T T T T 1 T T T T T T T T T T T
= | Superconductor(YBa;CusO7.x77K)} _ [Superconductor(YBa;CusOr77K) |
g "i\'lgr-r;-a‘l'&nductor(Al,aooK) B g | Normal conductor(Al,300K) ]
5, 10- 1 % 8 ]
= pos0250m 1 ¥ 8 c=0.251m _
g BF  ewmeewmeees . PO ——
5 I 1 S 6r . .
o 6} . % 1 g i
s | 4 3 X
g g A |
E 4+ T E % .
g i T o ol 4
L7 ] i 1
TS [
Frequency [GHZz] Frequency [GHZz]
(a) (b)
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TR % c=0.25um, 1.0um LZLSEHEORBEERS X O
HAE R R 3.4 \ORT. BHREAKS BHIHEESD %, HEREOMATK
XA, SNIE, EAKREDTK X WA BRSO B £ ANERH S B &
L, BHMROERPNDODGHPREL LA LIZES.

BLEOZ Edd, I TL—F 2 MYy TS RBEE kT T S
LEF~A 2 OH - 3 EOERIRB X OV S BN AT IR R %
B TELZEPHLPIIR o7z, ' '

1 ¥ L} 1 ¥ ¥ L] T 1§ ] 3 T k] 1 1 T T 1
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323 EBREFEICNY T PEBEREALETESE

TR ER GO LW EBALORRE, FICERE & RO ERE ORI
BlLEoTHREIN S,

B, BRA~A 70 - IV EOERBITE n, BHBEOESEITE 0y 1
ERTREVDICEFTHRIFIR E N TBY, ERAFISIELHEATS7-9
W& m, BB L, g \OEDTHRENDH L. HHIEBZ-cut LiNbO,)H 2 1=
Wy 5 MW DOEERFRIZT np=2.2 THAHDT, MHEEZITIT v,,=
1.3x10%m/s & THIPEEHFIA LS LI2RB. o

ARHITIERTH TN 247 - 7o B IBZ BT BR T 7L — 5 2 b Uy TR
Si0, /Ny 7 7 BEBA LA ORBEROEIDWTHRE TS, Ny 7 7
RBEREA LB (h=1.0pm) & A L7 WA Gh=0um)DRFEERE X
HEEZNZNR 35 1R T. MICBOWTERINY 77 BEHBALZVEES,
HAENy 7 7 BEBA LTS EEZRT. K35 Xy, Ny 77@EFEATHR
3, EABOFEFERAA 70 IVEOMHEEE KELTELI LN
bhb. iz, ERBELDTNIIEL RS, TRENY 77B2EBEALZ W
BERERROBEAEBPAOBAPKEVD, Ny 7 rBEHALLSES
BRADKEEAINS (), BEMAEOFERL EERDEVES - Ny 7 7
BICEBHAPETT LI LD 0BT A LA TE 5.

7o, ERIGETRERE LCEMT 25810, AMBo=f 70 - 3 Y
BHEEEDA =T O ABET D BLEFHD. —BlE LT, c=1.0un,
h=10pum & L7z& ZDOMHBELEEHEA D E-F 2 2A%H 3.6 ITRT. 20D
BEE, v, =1.2x10%m/s, |Z]=55Q &40, #EITHEEMICIZIZTHEL L
o Twah, BRICERERE O BEoMHEE LA v E—F 2 %
BT TRLTWAD, Ny 77 BEIHATAH I LI X o TH U L i
BEAREATHIOD, FHEKEVE T THE. BEEEEHVIITIEWE K
BHEH CRBTERETE L L b 5.
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KT, M RE £ T BB S L —F A Y v T
BB DINT 4T 7z o

I, BEARESOLE S LR BRI O R S NIRRT
Lo 2 b 1) v TR ORIE IS & O O R B & ko, R 2%
BRSO T 5 = & £ B 55 L7,

KIZ, ERER TR T SHERD Ny 7 7 B EIFA LA
W, R - RATRE - A L ¥ — 5 Y RO OZLE T 5
L.

ZORE, WSRO MR B IR SRR 2 VI, HEE
TRRAE DS 1 I & 72 B REOIE MR KIRICIRD S oh b2k, &
SNy TP BEEAT A Y, ERETHS I Y W EBERBETH 2 HROR A
READEVCEREREFICh > THEINLZ EE2RL.
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545

EoRERBMEEEICL AN HE 1 70O
B MYy TSRO

41 RKE

FBARCEIEFORL VRKELIANF—ONE BT 2L, BT - Fi7
T AR LBEEPET S, <A 7 DERBOME ORI EE ks
WV, CONGEEIREF AL CHlEE 1T HEIE A ZERINTWA[33], [34].

RETIE, AoRMBEREL TR~ 2082 M) vy TEBOE
W OEMTT B, EOoRRERTHE, S XTEELEOBRKEROIKD 2 & a8
TE, NEBRRZ FORBEOBEATI 2 H5 RO B Z AT & B[50)[53).
T, BL2EBIUEIETHLLICLZLIIE, SHREEEICLEHETES.
fiE> T, ZoEMEBEZ, A4 v FR4RPI I TRETHEKN LD 128
T LTI A< EBE G R, POREREEFEOCA 7 TR MY v TH B
DT IO THM TH 5 £ # 2 51 5[31][32][54][55].

AETIE, TTHOI, BHET 7L — FRKB3DIERERE KD, =4
MR L BT - BT AVERAECRBICEETES 2 L4 7RT. X
2, BEO—MICEF - BILT T X< k&R 72, BEERIC L M
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AFLWT T F A AT ITRREL, TOFEEZHLM,ITT 5.

42 FBEFOEF - EALTTIX~vDOERE

RETE, PEAKERELTYI AV A2E25. Y AVORFEEE ¢ EXK
AN THRHNB[33].

2 2
£,=¢ Opi + o il (4.1)
T i S\ w2ev? YO @242 '

ZIT, & 3MEREF LRV E SOFEER, ld~A 7 TkoMmEEE, v

=e )3 ET, ELOHREBEK, o(i=enidEF, EILDOTT X HERKE
THY AN THEzZOLN5.

2
ne :
Wy = : (i=eh)
Eom;

(4.2)

n EPHT T AVERE, o BETORM, pfi=eh)dB T, ELOFTHHE,

g FIVEOHEHTH 2.
A(4.1)%&
£,=¢,+ Xi(w) (i=eh)
EBE, F2 BB, SERIHEYTS vl (SeIdT —1) TEREY
WL, $I2IE B, B THIUTN(2.25) % IV TEEA OB MIGE & BXRD T

(4.3)

e
2l DF T — ) TRBIIKARTH 2 SN 5.

. o
x{D= #{1 —exp (—. v,-t)}U(t) (i=eh)

i

2T, UM AT v TRETH 5. HL, BMEHRIZBVTRU.3)D X

(4.3)

) LR Z 7T RO RE /L 720, ylo)
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2
g%wmnazuo (4.4)

RABEANMZTT =) IEREIT>TVAD. §o)dFT14T5 v 7OF Ly EKT
5.

4.3 BRITHER

4.3.1 YeHIE a7 L — 5K

Y, B BT IXOFETLEBRE2E T 7L —F % 2T 5.
FEFTET IV ER 4.1 \URT. g=4.4 OFBEBRIER I T L — F8E R
L, ZOLEDY) 3 A6 ERET 5. MIBERIE RO EVEEERE L,
TIXTHEE n 3V AR T B THHETH., TIRXATEER, YYay
DEEZ ¢ 2R CHANTED 72D DT 5 X ne=5x102%/ecm & LTH %2, 7
T XY B X DMOWEERIE, FHIE R T 5 72010 RO
DI 7AHS61E AT & L, =118, ve=4.5x101%/s, v, =7.7x101/s, m,
=0.259m,, ™y =0.38m, (m, BT O IERE) Th 5.

FEORHER CEARE— FORGH 2E 2T x=0 ICHESBEZ BV 1/2
ET VIOV S 5. ZZMEERHRE, EZ8 512w Tid 2=0.2mm,
BN TIE x 22U 2 2T 0.07mm, FOMTO.Imm, y % 0.1lmm &9 3.
FRAT ISR 11 Mur OB R &7 %2 A v, MATHEBEO K E X1k
54Axx354yx2004Az TH AH. {HL, WiHIN OB ISR ETIE x & y & %4

DEIORK 5 L LA 1ML LT, WIUSREMEICRNT 2 3500 7%
KB IHTLTnES

AWy bHR (x= ﬁ&?,y@)@%ﬁl?mﬁ@ MEIE (12 ,
E(tz+ NA) ZBIBIL, Shon7—) 2BHBE (07), E(0z+NA) 25, K
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A X VERE By(0) = a(w) + jf(w) % 3K 5.

_E(wz+ NAz)
exp {(-Y(@NA)} == =

T ZTIE, z=504z, N=5 & L7z,

B 4.2 IO ER o & BBNAHER g/k OFMEREREZRY. M DL,
ZEDIT, AT PV X BRSO EMRBI L IER-BLTS
D, BT - BT T XD T 5L EERFEB L EHHE 8 UTATESS
MTHDLIEPPS PR o7. FERDOEE THRTIITZ AOTHIUL, 5Kk
Tl 7T 3 & USKRME B TR N D ZEARFR T I D T IANS ASE RS & B 5 A A
B AT PVEIRIEIC AT, E5RHEBEO T ARV EEZ S
NB. RETTRET 28 LWt~ 4 7 wikRIEKO X 9 2805 % =Ko &
ERONKICH LT, Z5RMEREEIAES IEHTES.

(4.5)

a=0.5 mm
b=2.0 mm
c¢=0. 21mm
d=1.6 mm

-

perfect conductor

X 4.1 YeHEE o7 L — R
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: A 5 i
N ] -] 5}t N
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42  OEHME 2T L — FHEREBOEH S
(a) WEEH
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432 NRETSFSTAHTT

Port 2 Port 3

Perfect conductor

Port 1 - Port 4

X 4.3 Y TS vF 5L h TS

7.5mm

M 4.4  BEEADOINY -
BEEROZLZFH L THET28Bo—6E LT, K43 DXH)REFI
25

2EZAH. JEE 08mm, =22 OFERERICT SV F54 2075 M
L, ZOMBEEED—IRIIAERIR LRI 5. BEMHGONY — > %R 4.4 12
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MRLTWAS, TORERERICBW /22 ) a 6% BE L TEERE: 2 34,
T DA T (1) & B OH IR (YN O AT 2884 5.

MBI S DR VEREAK, ) T2 0.25mm A, HX0.21mm & L,
TIRTEE XV I T ETHEETS, VYTV OEX ¢=021mm
WL TTIAROPHEDIREETHY, ZORBIFCEEZW[33], [56].

ZERIMEBLRIPRIE, Ay=A2=0.3125mm, U 3>k ZORPAOEKT Ax=
0.07mm, T DMDE/H T Ax=0.2mm & $ 5. BIFHABZEO KX X
22Axx80Ayx 2004z TH 5 .

Z Ny TEAR L ERERO T B, 2 9RES LCRBERIE L L, SALT
MTOMBEEOMMEE 7 — ) T2 L CHEVIT 2 ¥ S OREBIEY
Koo,

V(a)z,)
Vl(wzl)

::@,ﬂ@mpixb%m«wlﬁﬁﬁﬁ,W@@mmﬁ%mmwﬁﬁmﬂ
DEFIIXGHE BT 2R T, WAENTAFORBEL 2 3 TS50 554 0 h5
204z BN ST H 5. -
FUBIZ R 4.4 \ORT. c=1.5x10"/cm? DL &, 7.7GHz 2BV T|Sy,|=
Syl=—4.6dB T, HAME), G EHEEND. F/, IITRUAND R
BFi2(S1,/=—18dB, #HIm4)~DHITILS,;|=—20dB TH VY, HEH FFIEIE%
V. e=0/cm? D& Fi% 7.7GHz T|Sy;|=—20dB TH Y, # 15dB ib7-5T
|S511 % B IZHIBETE 52 LA h5b. ZOR, 1S, 1S;1d3ic—15dB B
Tz TS,

2B, FEICHWA o OEIZFENS A F — FIZ X 2 EBREEE33], [56] X
DODR) REZETHY, HFE L Tkl — %d’%ﬁﬁu%mw%#
Hr.

ll( ) - (l = 172’3’4) (46)
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scattering parameters(dB)

scattering parameters(dB)
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4.4 SeEM TS o F 5L h T OWEINRNT RS
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Il

4.4 e

RETIE, ERMERE L PEENOET - EHL75 A~ EROEER 5
BROXEZHWT, K<L 20 M)y TEBEORT 247 7-.
IV, BEEHRIC L VBT ST T L — F RO 17\, AETHRA
ZFECEY), EH LTS REERBEIEONL I L2 RE L.

KIZ, [EERERE D — IR % R TREED LI L WV EET 2T 5
YFTATYATIRERREL, ZOELNT X 5 OBEBER RS, LRI
L5~ 7 OBOREICER BB THL ELHL 2T L.

43



NIRR

555

2y FEBTAH AFRRKRE F 727
+ D I EHFME

5.1 F&

SRR F 7 7 F(Planar Inverted F Antenna, AT PIFA)Z/NH#E & TH
SN RETH 5, BEEAPHEREITICTEASEOHME R T 5720
RSB Y 7 Z T L LTI R TB Y, RFRBARIED LT
A[371-[39]. PIFA XM TFATICE P I/ RS & T &, #EHAR & BT
T L BERT AHEMYE v, 2L THHZEFORBRERP SRR STV 5,

Co7 T FORREREEIET A ERNT A—-F L, BEETO 2 EAD
BEXOMTH A EDWEBRBWIZH S TWAN37], ik, LY/ ER5
7o, BHRERFRTOMICEERLEMNL, BICBERTFICAY Y bk
\}72 PIFA AR IN/-[42]. FEAEB I TR v MIHRFABRBZET S &
LEREFOOT, L H/NOBHETFE A THEOR KRR EZELZ &
MHTEL, L, AUy b&2AT A PIFA OHFEEL IO PIC LoHE RS
L, BT, Ay MABEHRIAMEIC S 2 ARBIC OV TIRE S T WA DI,
<A 7 OFEERBRRE O —kiEEE IR LT, FEMAKICX VBRSNS
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PIFA DFHT & FER % FEEHFN T 7-HEB36)D AD X5 Th 5.

—J7, %A 70 - IVERBEICHT B RENEO—D T b EL R
W L o THONAT v 7T FOEERP S, BMFERICBII2EHR %
ﬁbéiﬁﬁﬁﬁéhfﬁb,:@ﬁﬁﬁ%7~01%%163%%®ﬁﬁﬁ
KguéTy%fmm%%ﬁﬁ%ﬁécaﬁfééum.:@%&%@#@
PIFA (8 L7z BNE BRI 80 it S TV 5[40], [41].

AREIZB W, TR ISR I SCRR0| D T3 1256, FEsE 12
LOBHES A, B0, BHARE BHETOMICHEALIENRL, BSETIC 2
)y M4 $AH PIFA OFNTEATH . #EmES 2T LT, #idaedssink
o AEMRE L, BETEFIEARNI» L5 E B SN FEHEIC XD iR
ENBbDETH. FF, AUy MRRERICS 2 5 HEEWL ML,
RO T & BT SRS AR OV T 55 12T B,

52 HERRKICHITIEAFR

RAT YA TUVRANVORRE 7 —1) 248 % v CE MR OR R % 5k
D 5HFP{12N DN THRICARRTE <.

FAY YA - TVRVORRE D, KB EWEAEEORINTGEE 5 & L,
S EIZ(5.1), B2 TRINAMBHITE T, M, 2E25E, NEDOBERAR
X, WEO—REBEZI Y £, TORERITIER J, M, 257z R L%
THEHEZ B LN TR B,

Jy=fixH (5.1)

‘My=Exfi (5.2)
ZIT, ARBRSOFIET 2HIBIINN ) S LOBMERRZ PLEEL,
H EXZNENS L TORRABY ERE £,
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PR & B S OB RIS T IR EVE L, WSR2 PV N,
LERDEH)IZERT A.

N:[sJS exp(kr' - 7) dS (5.3)

L= fq M, expkr' - 7) dS (5.4)
JORRBULNL, kIXEE, £ IEAD S BIETICA) AR Pv, i
R HAE ST E O HEBRIEAN2 ) X7 M ve RT.

EIHRIEREWKE TH b L RETHE, BRIT E, BT, E, B DA 5.
BAHRZ MV N, L EZRWT, ZOERSRD Eg B, Ey B2 RT ERD &

AN B,

—Jjexp(= jkR)(MN g+ L ;)

E,= SR (5.5)
J exp(— jkR) (- 71N¢ +Ly)

+= 7R (5.6)

CZT, n WHHZEBTOBR I V-5 R, R BEAPSBHAT TOM
BE, A XBR, Ny Lgld N, L D @HMEI, Ny Ly &N, LD ¢ HRBD%
x7.

&, X(6.7), REYLEHHEB~ET7 — ) LR T B0, KDL %

W, UrE&RTH.
Jj exp(—~ jkR) N(w)

W(w) = 53R (5.7)
U(w) = jexp(_z%) L(w) (5.8)

v.XNEELT, k=w/v, A=2xv,/ 0 % AHBEFEEHNTAGB.7), RN(L.8DHET
— VIR EITH)ERD L) Tk 5.

__1 3 (r'-f) R |
W(t)—4nRvC§<LJSt+ -0 ]dS}‘ 59

c vC
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r-f) R
U(t):4n}ev6%{fsMs[t+( vcﬁ)-v—c dS} (5.10)

JJ4, MJ4id, TSR CTOFME S LOmRERE, WREE+E 3.
X(5.9), iﬁ(S.lO)’éﬂiw e, X(55), NbE6DHET —1) TR,
Eg(t) =—nWy(1) - U 1) (5.11)
En=—nW,(0)+ Uy (5.12)
THZHN, BREHEBICBIAEROETREROLIENTES, HiC, =
DEITHF%Z 7 — 1) LEBRT 5 EFEOREBIC B 5 7 ¥ 7 Foigtgm:
1$HZ ENNTE A,

53 BRHER

5.3.1 R ET I

FENT #4179 PIFA BXOMHTHEERZH 5.1 (2R Y. EEROE SI3E
BT T OBAKE KT CH D, WHTET VAL, T axb ORSTET %
b, BHALE BET EOMICES ¢, WHEE =36, HEM tans=0003
DFBAZEMLTVAE. T2, BHEFO LHEPS 1.5mm, A%H25 1.5mm
DREBIZBVTHAE d ORI > THEBRE BHET L 2% L5, BE
R, BEETO LRSS 1.56mm, WSS 3mm ONEE L, PEEARYE -,
LB ry OFEBIREEIC X > TEBRO T oMET 5[40l AV v Mg
BHETO Liwdo POMEBEIHFHFAL, AUy ML, AUy Magw &35,
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532 HIRAEBICHTIZIU Y POE

ZZ T, a=b=30mm, t=2.5mm, d=0.4mm, W=3mm &L, A > b
E L #2508 0REREROBMICOWTRET 2. 21 v MEAMN
B PIZOoWTiX, XEBGITHLMIILZE ), BEEPLAY Y g S
WPABIIZONZEDFIRP Kb AZ EN S, REIZBWTIE P=4.5mm [ZHEET
3. 7, AESEICOWTIEE OIS PIFA 5 & 7 UBEAI I =
NTWBHLDEL, TOREA VE—F Y ADFIR 50Q 2D L), r,=
02mm, r,=10mm & L7, -

Ay ME LT 5 REERBOZEER 5.2 \SRT. BED, 2y b
EAEVE LR BB L VIET L, ZORMIHOBE, 20y bk
D 761MHz 2 & 3648 I 24 250MHZ LT X5 N5 Z L b 1s,

SHREEMOZI DV T, Ry FIBHETOENEE KX+ 54
REFHOZ EALEMMIHMTE S, 1, LTIUNTR STV BEBRR I
22y FOEWEEOIIEEKRM 747MHz 1CHAST, A O £ 138
L9%EBDE NI ANT TV AEDS, CEk4211F 1m2 OFHAR T EE &
ThBHILEEHLTE |

49



Resonant frequency [MHz]

800}

700

600

LS S SN S S SN RN S AR A SRS SEE B

Slit position P = 4.5[mm]
Slit width W =3 [mm]
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533 WEHERMEICHTEIZAV Yy POYE

T, BOERFICERIIZZR) v AT PIFA OREHEMMEICS 2 5 522810
DWTHKRFT 5. PIFA OHEB I TIERHHITRRZODERULTH A L
T 5.

A1)y b AENGEORSFRAEEL K 5312, 2V v PR L=12mm O,
Ay b L=18mm DGEOBRGHENMEL Zh X 5.4, 5.5 R,
L, £#MEdH, 20R )y FRICS CZERHEERCORSEMETHY,
o, BHRMERZ, FEETEILISRNER By E, DN DORKMEIH LTH
AL, TUNVTRRLTWS, ;

Eg 5%, XY, Xz, Yzqzﬁwgf‘f*cicfﬁﬂﬁ‘érﬁl'réf‘a‘m, Ay NERY
ZZHEHIREATHEERIT TRV, By 2W T}, XY, XZ Fifi T
&, 20 8 DTRHEDOBEEFRAY y P ZRIZHETOTPICENLT S, YZ
P TRERLB ML LR 25%, EREER E, BoicH Tz
v,

BoT, AU FERTBE, BEHEMPECIIEALSBES DS L <
SRR T S €22 EACED. £7:, A—RBEICH L TR ) /A
DPIFA E VB2 ENFTEBE I D,
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180°
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Eq - Egs
X 5.4 - L=12mm D EE OB M
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{c)YZ-plane

Eg : Es -
¥ 5.5 L=18mm D5 DG EME
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54 £E

AETE, SHREREBNFETFORICHFBRLENL, BEEFICRAY Y b
k3T 72 PIFA OB 54T - 7.

AERBIREE H WTRY v Mo IRBIE B & B I 5 2 B s
DWTKEL, AU » FEES LTRIBCHRREEZ K TS Th, Btk
MPEICIZIZE AEEBEF W E 2SN LT,

AR BT WA E RIS L IR ET a2/ NS TE %
CEREIRL, BEEFICRY v P ERITHI LI, PIFA 2/ EULT 270
O THBLFETH 5.
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NIR

BRBIRE I & B IBALBREER

BESLUH T T DOREM
61 K&

YT FANERAL 2 OFTF 4y AL ABATORBEFNTZITEK E
ATVBY, REROBBEHREERT H700121E, B—F—F - BRI
DONEESHET X, EEH, RERCT Cha AR RKOFEAMEIEE
R E Tk B[44].

SEAMA BT OFBARERR L L, HABERRPIROIELTWVAL &
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HOu® - gOq?

HOu® = G"’q}?} (6.5)
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> TREATHIORIIZALT 545, COEBBHBFIIEDLS 2\,
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L. R6.16)E, R6.1NEEN ZELONFREERIIHTHHBEATH 5.
ZOHBROBEITHR=0 FEAEIEXRTHY, Chhoh 7Iehke D
DERREEZ - EOBEFE— FOMMHER gHFRE 5.
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6.3.1 EBEE— K
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7, ar, BN, 7Ty FORFIRELENEN 0,=1.626, n,=1.512, ng
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HE} | L FRTHZEIT A, Fio, 751200 TI, x=0 ICHETAEHRA
I DITFRPEDEN EFIABRD ZODIREH A ER LT, &5T4 2OF— K
IZOWTIRIT 5. 215 DE— FEHE ven» HEY10ad» HEY1even» HE}jom
EFRIRT A, THRF even, odd 7% x=0 IZHTABRASAONEMEE LT
W5h. HEjieyen T— FEHE) |0uqa T — RN HBEL BRBEE L2 & X112,
HE{1o4qa E— N EHEY |eyen T— FOSIFRBER EARE L L7- & Z ST OXHR &
5.

6.3.2 EEREE

FRERFIIBCCIE, RETHIHEREROK, Tob bR EOHIHE
PRI 2 XY 5. $72, AEORAIE, BR N, BL U 0, ORI
DWTHME LR & 2, |

B, RDEETHLEERXLNS, ITHE  ODER rn,+y, Lo
BREFRBNIINT S BONFFEEZRETT4. 6.1, IR A OB
WZDWT, HEY, B~ FD BONKDIRA-ZxRT. £L Y, N=13 TIEL, B
DIEIZL T 4 HIEOBEMR LN TWDEZETbRD. M DEX s 1220
T, dMeFEFT o/t=3.0¢L, COLICLa7HEREFEUHAMBEICES LD
WCHEREREWMEL 72, (621075 7L REBT DL, EFVORIRITE %
B0 BUIZVZ VD, AR ED 1 HIBRVEENEOATWE L) T
bbH. DR, REIIBWTIE, N=13 0L 2O MR EEICEEF VIS
AR BERBEREL T 5.
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L7zt &, B#ROALDIZET S CPU R, REKRBIGEHEBRLL 5 —D sx-
1BV T 20~26 B TH-o7.

B, RETHW :Tu 77 22EMaTH7 7 ANCEH L72GE, Vi
=2.0/7, n/n,=n/n3=1.01 D& EDOEFEM B=0.4133697 12X LT, N=14
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15 0.2657874 3.0 0.2657955
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4.0 0.2657943 o
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