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±4Eit -Asti'. — 07‘yi\%Ym>Y±4,3t7 1 a, 	7 2 a, 	8 1 a, 	82 

a ttP1$13 	( I ) JE11--e9, 	t -3- 0)7‘y/\%Ym>Y±4,1t7 1 b, 	7 

2 b, 	8 1 	b, 	8 2 b 6 	11.3.,1013 	(Q) 	JE11 --eZ. 

[0079] >4 3 4(,,z77 -4-DP—QPSKZA1g;7 0 ---ett, 	2 --D0C)PSKZA2';7 1 

7 2 op -3 -5—a)Q P S Kg',.REJA2';7 20 I , 	C)1 3,,E13t.=g,R-0,A± 5 0 

.,Y,R1.1-c-  T EAT E i tLgz.R4gcli, CZIMM.R1A+ 1 Oz,t-D -CTE 1 756T 

m 0 tz- gzR11-  Z. 	J_. 0 T M,3 , 	-.-1f-05F(Dilltel-E;2'; 6 0 („7.. ct 9, 	1- 	top() P S 

Kgz.9j7iM 7 1 75\ 6 ,±)]--,'s ti.tc -r NA 0  Li -4-zo 

[0080] >4 3 5 („7_,-7 -4-DP—QPS Kgz9KiM 8 0 -CU, 	10)Q P S Kgz9J7iM 8 2 

02 --D 07 ‘y / \%Y i >Y±4iit 8 2 a, 	8 2 b 0)1 311E13tz..-.-.41.TtLgzR-7-0,-  

„±60,7A1.1-C, T EAT E i tLgzR4',L, CZICM.RlicA± 1 0 tLct .D .-c 

T E 1 75\ 6 T M o lZgzR.11-Z. 	Q P S Kgz.REJA2';8 20 I , 	Q 1 3,,E13(,: T M 	— 

KJEIINA m I Q 	3 	,IR (1, 	--,'s 6 lz, 	i' --,'s ti.tz_-. T NA 0 	, 	-clf-i5167'1't ea 

2';6 0 t:_ct 9, 1-toDQPSKgz.97tg;8 1 75\6,±)] --,'sti.tc.Tm o L -4-zo 

[0081] J_41.6oDP — QPSKZJA4-'7 0, 	806:cttt,a, TMo LTE,3 0 

VC-, 	',-J-V50Ditittea-2,;(,:_th ,ItIgoak,q0-%51-6],lt*Iia.g,; 6 0 	k,\Z 
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IZ It, M?L @ 3 3 iZ^t <fc 9 6 0 IN & d £ ifU $ 

So M^l5\Ri^^6 0<Dmit<Dmmits ^WJ9Ctat5o M^[p] 

14^*5 6 Ott, |W|i;=l7i|iW^-ri>2o©^jE&6 1 , Q2t<pf\M<om 
^iL©n, AIM 
T\ iM6 1A^TE0^ iM6 2^f)TM0^AAtl.^, TM0tf| 
imQ 1 $$s&61 (D^m^b&^m^utcm^ (TE/ 
TM) ^rf#'2) il <h $ i>0 

[0078] @34 RXfm 3 5 (C, @32 5 0 ZffipLtc D P - Q P S K 

@*. TE0 (S*TE^-K) it TTEJ , 
E ^-Flt rTE,j N T M o (S^TMf-K) it TTMj m§EL/c0 & 

QPSKrilS7 1, 7 2, 8 1, 8 2tt, ttl^'tl 2 -D(D^ v J\V X y# 

T>£f+£#fr0 ~?5(D^ VJW x y$^m\ 71a, 72a, 81a, 82 
(I) m-C&Vs fc^-^07^\l>x>^It7 1 b, 7 

2 b, 8 1b, 8 2 b (Q) 

[0079] @3 4 D P -Q P S K^fl^7 OTii, 2o©QPSK 7 1 

, 72©9^-J©QPSKrit572©l, 0 

^TTEo^TE^CliU 1 OJCcfcoTTE^N^T 

MolC^&f^o :©TM0^ Mi»^6 0(ay, M0QPS 

K^ii^71 AN^ai^^nfeTMo^^-r^o 

[0080] @3 5 IC^f D P -Q P S K^H^8 OTii, ~15<DQ P S K^fl^8 2 

©2o©7^/\7x>yBIt8 2a, 8 2b ©£-$93IZ =t 

m^5 TEo^TEJC^&U 1 0 £ <fc o T 

TE^N^TMotC^-TSo QPSK^Ii^8 2© I , Q^«(CTM^-

KSMM I -• ;j£938 3 ^ ̂ tC. ^nfcTM0^ 

tl6 0(a^ i&?5(DQ P S K^fi^8 1 T M0 £^$1"£o 

[0081] ZtlbOD P-Q P S K^il^7 0, 8 0lC<fcfttf, TM0^TE0ffl^ 

IZs o%m^z> 
Z.£tfU^Z>0 Ztcs 5 O^S^ltotl-NS/c^ {I${£ 
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4I'AIE_Uffil-4- Z •J_. L /PC 	Z (MM I oDsMIJIA 	O. 	3 d Bi.&1) . 

[0082] 1-;LE, *RIElAtffigfcCArtff,VVC_I-il.\ --CgAlE9J1, --Cite, *RHA6t_E3LR. 

ayArtff,fiRc_FR-Z-L's ti.f. *RBA oR gi 	3t.N, Ltsk,Nein -ea 'z ozm eui 

kg-ez. 

*RHALPleoff,11-e, -*-3th11,'*Smet:..s-3k,\ -cT E 2 „ +1 — K ( n (4, 0 

1,;1_LOgt,k) L T M 0  e34')Z4iftg.,*5t13)] L 17OO_E-F44 	ES t:_ct -D 

--c3A1E-4-z•J__Le--e, - orbii5--/qb -4- z•J__L -M-Wff -)J_Le--e 

Sao 	J_. J_. -e, 	TE 2n+16t, 	TE—K 	(TE Q , 	TE 1 , 	TE 2 , 	• 	• 	•) 	0) 

1:1=re (2 n +2) #Hr,-..-.-0)(Lit,a,'*$E—F\ -3 0 	T E i 	— Ktt, 	n 

=00T E 2n+1 —K -ez. 

T E 	— Koitt:Mo —  Keg'O'clAULtszottiv,-FoIT( tL ct zo  

)±1X77  (AlrbiLF4 -,seLttLf-i5tsaiti (,)1,'*S3) ) VMRTZT 

Mott. 	GYal,IT-0))0jC3 	(Ex) tt, rEil-61L -14 - 1-67 --CLttLa -fi5ts3 

(,:._tsZ. —, 	TE 1 	-g-ti‘ittk:ZoDT E 	— KoE xtt, AETEIrbirc_ 	Liz 

a -f-i5, 	-14 - rbit:_l_i-cttclf-i5tsal;IT-3 ,:_i-szo 	-oi-c.6, 	,11,'* S3 

1,4 -, ri;it:JcIl_i -c4',1-flq,:_ -4- z•J_. LT , 	T E 2 n+1 o1,4 - rbiWOIvtegil 

41,, 	TNA0L$H4'FJE111, --cAtIA1435_.-ett.Tti.o —  KeE-S9, gcs.,ivy 

3AETZ. -. 0)1z.-A, *RHALROVEStLct 9, T E 2n+ , 	— Ktt, Tm o  

L0134 -M -OeUikg --e 	Sao 

'API 1u 
[0083] i-).-F, 'AVM 	t -D -C*R13)]!4i*nrc_,N,BA -4-zo 

<1,-MIN 1 > 

4 2 A Rue 2 B vc_,-T -4- ct -)i-s77)±1Xen320A4Z,go-FT4Vb-L'st- 

tc.L, -*-5th,11,'*$IYI-Ak,\ IllAtL4 70D 	- KGY-*-5th,11,'*SoMbo 	7 

>4 1 8 6z_-.77 -4--. ;1 	6t 1. 	5 5 µm, 	a77 6tS i T ia*$e3. 	4 8, _Lig 

V KEzz),T53 	V Kus 1 0 2 T ,a,'*$e 1 . 44, Y64Z1.00,--L'se 

0. 	2 2µm, -Fg370)1Ae0. 	0 9 5µm, _Eg377 0)01ede0. 	5 µ. 

m L L, _Eig 	7 6t-F53 	7 opi=1=iibt:_l1ffl, -ck,\z . 
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(MM I iJJi££0. 3 d BJ2TF) o 

[0082] j^±% *fgBjm±5z& 

(D&m^ 
MX$>Z0 

tTE2n+1f-K (n&o 

•2>0 Z.Z.X\ TE2n + 1(i% T Ef - K (TE0, T E ,, T E2, • • •) CD 

(2n + 2) #@ K^rlN 9 0 TE,f - K(is n 

= 0 (DT E2n + i;E— K "C -2> o 

TEf- KCD^gQfc©^- Fifm%ttmztZZ>(Dl£lXl:(DmmiZj:Z>0 ^ 

M0tt% (Ex) iH;£[p]£im£:£[p]"C£ 

ftizte&o —Jjs T E , T E K© E X [RHC^I" LT 

rnZJjiRiizttLrtettfatemftftftizteZo ^(Dtctsb, 

£££-?, T E2n + 1©im£:£[^©tt^1£tfji 

tls TMo^m LXm^A^X^MtKD^- K^Ft^Js &§5Ij£tf 

^itt£o ^(Dtctsb, *fgB££|f|^©^lCj;y, TE2n + 1f-hU T M o 

t (D ^ xu&tf qrfg-e & & o 
HW!J 

[0083] 

<f+H0iJ 1 > 

mz ARXf2BlZ^t£?te=\7m£tfRM(D%m}m(DTJM%:mt^V: 
tct^s K0^®jT$0^k®^7 7$: 

@1 8 (C^t"o /i£S(£ 1 . 55ju,rru Zl/'tiS i 3. 4 8, _hpP 

<?=?v FRXfTZW 7^K(iSi02 T?Jg§#f«< 1.44, £ tf 

0. 2 2yu,m% Tp|3zi ~7(Dm~$ ifO . 0 9 5 yu, ITU ±p|3zi ZCO^i^C) . 5 ix 

m<h U ±SP=l7(iT^=l7©^/5(C{iSLT^^o 
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[0084] >4 1 8 6:..77 -4- ct -3(z, 	-*-3th ,11,'*$e 1 #Ht•c_FA0— Ktt T E c -C 	9, 	'A 

, 

3th,a,'*$e2#HRtJ-.3#P1t:..0,k,\—Ktt, -Fa (orn) 6:A4L, T E, 

TM0.. Rtt .J_tt.6b\l'fblit.—KTZ. -*-5th,11,'*$e4#PItLIV,N 

— KU, 	>0=1=relt=iif litOMY, --,'S6t:_0)— K --eZ. 

>4 1 8 iJN. 63/JN.Z ct ',(z, 	77kh)±=IXOD_E-F,44,-If-V1t0)A-..6, 	TE,LT 

M o ttggATZ .J_.Lts<, -*-5-th,11,'*$Vigt:_ti-D. >4 1 8 Vc-S-30 --C, WOO 

*1=9 (-FAO. 	7 grriN3E) 	LL--C, 	— Kgr_licg307.1TIMI2,-71,1-c.. 	•J_. 

0`) —  Kgr_lea-ett, r-*-.5the*se 2 #PI Vc_Ak,\ 	— Ktt, Ti4eRoL 

TM o LtS9, Ti4e120,\LTE,LtsZo lt:_, -*-5th,11,'*$1Y3#PItLA 

k,N— Ktt, Ti4eW.NL 	T E 1  Lts9, Ti4erf\oL_TmoLl-sZo ct 

-D -c, R— GYA5th,11,'*$:::e CA5-th,11,'*$e2#PIrc_F40 -11-cl,t3# 

HtLF,40 —  KO)k,Nf tt./A 	lz.-.. EZ J_. LT, -tt.Tti.0)— KttgrAU,  kg 

--eZ. 

[0085] J_41.60`— K0y-fif4,7).ztc.6(z, 	>4 1 9-2 2 lzk,\ < --D75\0-FrEMM 

lzW4-Z-*-5th,11,'*$/Y2#PIrc_F-M.\ —  K (# 1 ) L3#HtLI--M,N—K ( 

#2) 	0), 	-tt,Ttt.0)aTIT-0)E x jC3 	(ror=ii(Oiz3) 	L E NtiC3 	(-14, 

1-6103) GYVT-#54PETi7T -4-„ 	>4 1 9-2 2 tz.-.4=ak 1, -C, 	-4 	(a) 	tt 1- # 

1 j 0E )0jZ30air-fgrITEA.,-71_„ 	->4 	(b) 14, 1- # 1 j OE y30TaIIT- 

fgrITEA.,-71_„ ->4 	(c) 6 	[# 2] OE xiC30TaIlT-#561 ,-T1,, 	->4 	(d 

) tt [# 2] OE NtiC30)a1:1T-#5rEi ,-T -4-0 

[0086] SIT-#561:-.AHTZL, -FrEMIGe 0. 	5 µ,m(1)>4 1 9 --ett, # 1 eT NA 0 

T# 2 eT E, Lts9, al- t:.. -FrEmrlge 1 . 	2 m, m a) >4 2 2 --etj-,, 	# 1 eT 

E i T# 27YTM o LtS-D -Cl,\ZJ_LeZ. —--e, -F140)6e0. 	6µ 

m0 >4 2 0 TU. #1 L # 2 ODSIMO_'fb Litt U6--C 8 9, Trimele 

0. 	8 µ,m(1)>4 2 1 --CU, 	E x 	L E y 	300)E-5 6 tidoSIT-#50ffiti 

-D --Ck,\ZJ_Le375\Z. 

1,),_Ect 9, Ao,nt: T E 1  L TM o Le0_11,--00<e±R,Z .J__LeTZ 

0  -,:op -,:L75\6t, TE,LTM,30M-C$HMZ.NOITZJ_LeUi kgT 
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[0084] M 

^M/TW2#@X&3#@(Cim^-K&. TJS (©iH) (Cf£#U TE, 

, TM0% K-efe^o 

HI 1 8 <£•?£, =l7lfr®ff^©±T#^tt©/cto, TE^T 

0 1 8(C£^T. fi£$g© 

HP3 (TJSO. 7Mm{«) <h LTs L/c0 d 

TMottZV. E ! £tj:2>0 &IZ, ^M#f«<3#g ICim 

IN^E-Ktt, E ! £&y, TJS^JA^<h$TM0<h&£o <fc 

oT. (^M/TW2#@(Cim^- K£/C&3# 

KCD^fftfr) %tcZ2>Zt-Zs ttl^tKD'd- Ktt^&RTfg 

tfeSo 

[0085] K©}f^£<^£/c<!s/)(C, i 1 9~2 2tClN<^3bN0"FjS©i|i 

K (#1) <h3#@(Cim^-K ( 

#2) (Ds ftlftl0i^0Ex0 (IH:£[P]©J$#) ^EyM 

[R]©^) ©SU^iH^fc @1 9~2 2(C±±®LT, ^Hl (a) & T# 

IJ 0ExM©i^llS^^LN (b) & r# 1 J 0Ey^0i^ 

^Hl (c) & r # 2 J 0ExM©i^lls^^LN (d 

) & r # 2 J ©EyMOiWl^^To 

[0086] ts TJS©fli^0. 5 fjurnOm 1 9"C&* #1i<TM0 

-e# 2tfT E , tt^Js J5fcUC~Fj£©i|itf 1 . 2jLtm©i2 2-ett, # 1 T 

E1t#2^TM0ift9tl^:^if)Wo -^T\ TJsOfli^O. 6M 

m0^2Om # 1 <h# 2©B^J$:frA^bU£i;<£T£y, TJS©^ 

0. 8 fxm(0m2 1 E x$ftt E y$ft(D¥t> b 

-oT^Z>Z.£1$fi-frZ>0 

J^±<fcy. mmftlZT E , ̂  T M o ^ L1< i? C ^ § 
o z.oz.tif'bi, TE,£TM0<DrM-eftmzm®.*u&tzz£tf-p!M-e 
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Z L'i L7V375\Z„ 

[0087] <fttLtiN 1 > 

tht`tiN 1 zit, 	>4 3 ART f 3 B VC..77 -4-4Z1. 1 0 1 (Z.S-30-C, a 7 1 0 2 

e S i , -F3,13 	V K 1 0 3 G)Mt4e S i 0 2 T 	9, _E3,,E13 	V K 1 0 4 e 

'713 ,t,75N. 64: 9 , 	7 1 0 2 00,--,'S H0e0. 	2 2 µ m, 	130)6W1  1 e 0 

. 	84 grn-e9, 	73,E,13031111W2e0. 	5 µ,rn -e9, 	.1-610)r< -,'SL 

0 e 3 5 g m ---e 	9, 114483g0V±4ZVJN. 6 	7111 	r< -,S 	rbi t: ',1-  L C * 

ffNLOALLSt- tz_-.MIL Lit. ViM3111WfiRiA: (Finite-Difference Time Do 

min:FDTD)ItLctZ:>Za —:>a>lz,t95R/Vpit-AWM40) 

-OVA 	(±)i-L'StLZTM00/7—/A)i-L'Sti.ZT Ei0/7-, -C-1 -  - L'S ti.Z 

th) 14, 0. 	5 8 7 d B T 	-D A-. „ 

[0088] <ArtiN 1 > 

At 	IN 1 	.Y71§'A. --C-, 	_E3,E,13 a 7 7Y-F3,13 a 7 0 1:1=16 t: < z Wili 	(E3LR i_, tc.ffi 

1 'Att)±0101EIR) 	-4-"Z'Att9N 1 04Z1-A± -fift'll-  Z. 

>44 A-4 D VC.*'ArtiNG)A+0) >4 	.,-71-c, *-*ItiNTtt, S i — S i 02 

-S I 75\  64:Z S 0 I 	(Si licon on insulator) a&t,Lt.j..AZI.-fift,'l 

TZo 	itirmos I o2),.-F3, 	V K LI,-  C, 	_E,,130S i ),V 	7L Li-rill 

OZ0  a 77):M1, _E3,,E13 	V K L1,-C" S i 0 2JEVRI/Z. 

[0089] -F3,13740)1A -L'SH 2e0. 	0 9 5 µ,rn -e9, 	_E3,13730)0,--,'S 	(H 1 

—H 20)) e0. 	1 2 5 g.rn -e9, 	-F3E,13 	74 L_E3,E,13 	73 La4-Dt- 

tz_-. a 7 ,A -,sH 1 6 	0 . 	2 2 g. m T 	Z. 114483113 8 --ett_E53 	77)ATf-F53 	7 

GATEIW1e0. 	8 4 i.i.m -C9, xrc_ 2 	(r< --,s 1 5 µ m) T tt _Lig 	7 7  3 

co 	W2/`0. 	5 gm T-F3i,E13 	74 0)1=Fi*VC.iPLZTZ. xrmL 1 	(r< -,'S 2 0 

µm) --e6t-Fg3 	74 GAMW 1 tt O. 	84 gm TV') , *3 7311'13 9 --ett_E3113 

77 L-Fg377 0)6W2eLt6LO. 	5 ii.rn -CZ. 'Artie 1 GACSOXML 

2 --ett, _E3,,E13 	703111 O. 	5 µ , rn j- 0)/ 	— 	75q-MIN 1 L —RI- Z. It 

-D -C, _ET5R6A-. >4 1 8 (/) 	7 0'3 -5, -HIV/Age 0 . 	5 — O. 	8 4 µ. rn 

00,12 	.rAttiN 1 ragJEIITZ Zr_ L eT 	Z. 
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%> Z. £ %> o 

[0087] <tmm 1 > 

ttmn 1 I3AW3 0 1 =17 10 2 

A<S i, K 1 0 3©Mif){S i 02-e&y, K 1 04^ 

^71 02©i^H0#0. 2 2 yu, m% H£&SB©fliW 1 ^ 0 

. 8 4 u-WZfoVs i#7SP©^iW2^0. 5 yu, m"C£> y % L 

0 if 3 5 ix m-efey, HI$&SB©$§Jl2£$E&JbN£> =l LT&7| 

ff^tC^b^i±/c^3a«h L/co (Finite-Difference Time Do 

main: FDTD) ;£(C & £ $ n. U — :> a > (C <£ y 

(l±l^T^tl^TMo©/^7E !©/^7-, 

J:b) (i 0. 5 8 7 d B-e&ofco 

[0088] <^«y 1 > 

mmn 1 ±gB=i7JbH^B=i7©*/t>ic<£jti£ (±^L/CH 

@4A~4D(c^»y©m^©H;&^'ro ^pyeii, si-sio2 

— S i I (Silicon on insulator) & <h (C2#;j£E§£: 

1" •So ^©S i OzgSrTgB^v K«h LTs ±SB©S iJl^:=l7«hLTffl 

IN^0 ziZffMtis ±93* 7 v RUTS i 02m%^LttZo 

[0089] ~F n|3 =1 ~7 4 (Dj%^ H 2^0. 0 9 5 At m-C£> y % ±SB=I 7 3 ©im £ (HI 

— H 2 CDH) #0. 1 2 5jLtm-eS>y, TSB=I T 4 <h±SB=l 7 3 £ 

tc~IZim^HHiO. 2 2 jLtm-efe^o Hl$&93 8 T?tt±93=l 7^t/TSB=l 7 

©iWI^O. 8 4jLtm-e«>y, gf|L2 (J|£ 1 5 Aim) Tii±SB=l73 

0iW2^O. 5 yu,m-eTSB=l7 4(Z)^^(C{iS1-^o Kf|L 1 (1^2 0 

At m) T?tt~F93=l j^CDiHWHiO. 84/im^y, 11-793 9 Ti£±93=l 

7£~F93=I j7©i|iW2tf£ fclCO. 5Atm-C£>£0 1 L 

2Tii. ±SB=l7©^iO. 5 *#!+1l0J 1 £—3tf£o fi£ 

•P Ts ±t'^fc@1 80^77©?^ TJS©^i^0. 5 ~ 0 . 8 4 yu, m 

©I50£^«yi 
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[0090] 'A-.., 	0`)ffitiM610V,7-, 	Z LTZ L, AVM 1 0)r<6CATZ ZOM 

."-eilt*l_itz_- A3(Lit ia*$:::e .  >4 2 3 6,=77 -4-0 	4 1:1=1 0)*1=9'**143,_ff.T —  F' 

OgrAlPffbtl.Z. CZIM111P'ff, J_. L eui Itg--ez J_. L 	,-74A-_6(.: 

, 193448531J\ 6417530124-e2#P1 (# 1 ) L 3#H (# 2) 6c:A5-th 2,*$0 

1,\41— KO E x, 	Eyo..LL$;14Zo  ts8, 	>4 2 3 Ttt1934483ge 

Z=0 gmTV,), 4 3g7YZ=3 5 gm-eV') , >4 4 AO 1 V c (itirmig 

) (DitoTttZ = 2 0 g m-CZ. 19344853C 	(Z = 0 /J. m) 0)— Ktt >4 2 

4 VC..771_,, 413 753kh 	(Z=3 5 gm) (/)— Ktt>4 1 9 Lpetz=fszo 	zr_. 

41, 6 ct 9 , 	# 1 0) 	—Ktt, Mi85375` 641.7530nreal',17.7YE x75\ 6 E y 

r.:, 	# 2 ig)— Ktt, 	114485375` 64'7530)rAlTa1,11T-7YE y75\ 6 E x tz.-.- .  41, 

Tti&Rib 1,-c 0 z J_. L 7575\ z 0  V-z_-_, 	J_. 41, 6 0)-*-3(t,a,'*$:::ne34-) z 

Lts<40,ntL-Dtse-D -ck,\z•J__LYT§A_zL, -1,4TE/J\6I*TNA ( 

1*T Mb\ 6-,T E) /NgliceiThIg-ez •J__LiY3/J\z„ Vt., 	>C 2 1 tt 

, z= 2 1 . 	8 µ, rn{43fto) ir-vc..$H 	i,, 	E x, 	E y ePlag.r.-.4 9, 0.1' 

osiAAntsair-YR,--cgRti.z. 

1 Euzz4 2 3 tLctti.a, -*-3(Lit,11,*$e2#plt:..1-t,k,\ —  KL 3#P1t: 

-Ao —  KLeRt435_.-4-zArc_8(1zr4— KGY-*-5thE'*$=o. 	1 6 
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WO 2014/208601 45 PCT/JP2014/066846 

3 Atm-e&y, TSP=l7 4(Z)teW2^0. 7 nm-Z$>2>0 Z(D)±JS«h 

TJS rTJg = ±Js+0. 4 J VftZo 

[0103] @2 9&, HMJ5©^5itCd3lNT±jS©\J-^tCMUT^JgS#f^3b^tN 

JilltC4 -D(D=£- F(D^mfx^Omk^t^77-e&50 4^©^- Ktt 

„ ftlf^y 1 CD@ 1 8 <h |W]^"CS)^> il <h -tJsO. 5 ix L 

fcfi£$g©*tP3 (^- KIMP) -eTE1(hTMo©^®^^ilLT^^ 

0 TE^T M d <h 

[0104] <^«y6> 

ii 3AMI 3Bizs 1 

ii 3 1 3©«T®^d3lNT. Sgl (Dft&m 

1 1 0=l7teE(iO. 4 yLtm-e^ys ^20MM 1 2 © =l F & 0 . 

8 4yum-e&l<>U £1<M&$E&1 1 JktfW, 2 1 2©=l7©im^ 

2 2 2^©g$E&©^R§GttO. 3 5Aim<ht" 

^ o 

£1<MS$E&1 Hi, S£L = 5 4Mm©SM<h^tUCjg^£ft£¥ 

m 4 o M m © a if a ^ & & 0 f§ 2 1 2 

L = 5 4 Mm©SM<h^tUCjg^£ft£¥^4 0 

&&m<DW.mm*Kwz¥-iTT\ »®«ft^e 
ft IR] ^p-[I] _t (<_ £& •?> o 

Hl©^-h1 1 a (CA^l L/cT E 0^\ 1 3 Tig 2© 

ytmm 1 2©TE1(:^U f§3©tf-h 1 2 b <fcy TE^ 

ft£<h$, T E0fr£>T E F DTD 

n. u —-> a >-e^cto/co js(Ci:ftW:\ 1 5 5 0 n m 

(Dt^, 0. 1 0 5 d B^&ofco £©££<fcy. *i|tislc:J;c>TTE0£T 

E ! RTti"C£>£ Z 

1 o (D^mm^mmrn i -e^/ci; 9 tc 0. 0 0 4 d 
B-e&&©T\ i 3 1 o^^tc 
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31n_11A+L L -ci*ogrAltAtt, 0. 	1 0 9 d B L 49, 'fagr_ ,IY 

ii- f4g-CZ L'i L 7V375N.Z. 

[0105] <Aro] 7 > 

>4  1 4 ARTf 1 4 B 6:=77 -4- ct -3 6:=4-05F61'1't*iia-Nre') 1M-1 4Z1.--e 

VCM.Rii„±t4,FI'limt--ez. 	1 4 A EzIf 4 1 4 B t:-..77 -4-4-Wf-i5r=ii 

ttela.gi; 	 1 3 r 6,-..-.80-C, 	') IM-140).M--,'S L r tt 2 O. 	8 µ,m -eZ„ 

ffi 1 0)Y4ZVD 1) 11 1 r GAIN 1 r tt 0 . 	4 µ,m --e 	9, ffi 2CD"431  

MO 1)11 2 rOrlaW2 rttO. 	9 5 gm ---eV,), 	1)11 1 	r, 	1 2 ra)A. 

--,'S H 1 r0. 	2 2 µ,m -eZ 0  ffi 1 0 	4Z1.0)M,Ifili 0 1 1 1 s Mg 

W 1 s tt 0 . 	8 µ,m1,),_E, ffi 2 0 	4Z1.0)M,Ifili 0 	1 1 2 s 0*RM 2 s 

6t1 . 	1 g.m1,),_E, 	2 --D 04ZI.orblo) 	1 1 3 s GAIW 3 s tt O. 	3µ 

m, 	7‘0)it,--,'S1-11 	sttO. 	0 9 5 /..c.mTZ. 

[0106] -CZCM.R1,  A ± 1 0 tt, AVM 1 L Pi a vc. 4,F1, 	41, z 0  tz_-.ks. L. *Art 

, 

IN-ett, 1934483,13 8 GAITEN 1 x 1) 11 2 r GAIW 2 r L PI U O. 	9 5 µ m L 1_, 

*373,E,13 9 GATEN 2 	O. 	6 gm L T Z. 'V-z_-_, _E3,E,13 	7 3 0)675%.RiLTZ 

X 134 0 	 r< --,'s L 1 tt 1 5 µ,m1,),_ELL, -FA13a 7 4 0)675qtibTZE(mor< 

L 2612 0 µ ml,),_EL T Z. Z.: 0) ct -3 ts AVM 7 GAMM.R-7-0A+ V,---D 0-C, 

FDTDIVC.ctZ:> -Z a I—:> a >T5R6tz_-.MV).MIA4'ItigAiiA 	>4 3 

01 V>4 3 1 VC..77 -4-0 

[0107] >4 3 0 it, Win_lIt'AV).r<iV4,1t ,-i-4- " 	7 T 	Z. fa -0,t'A 

(>4 300)Loss) tt, 	< 1 . 	53-1. 	6 3g,m0)0,12T, 	0. 	4-3. 

3 d Bflg.TZ. 	'V-z_-_, 	>4 3 1 tt, 	T E ,30MAIA0 31.MiA4,1t ,-i-4-- " 

7"--eZ„ 	L'iomtIA 	( 	3 1 0) loss) tt, 	r< 1 . 	5 3— 1 . 	6 3 µ, 

m0)0,12T, 	0. 	1 4-0. 	1 6 dl3fIg.--eZ„ 	Zrit1,60)7,t(,), 	T 

E o LTE,ROgz.R.IWIThtTV•), T E o utgL A,EVAVAz..t.lz zri L ts < M 

A.-4- z •J_. LiJ\ 6, 	fat,,stui hkg--ez •J__LiY3b\zo 

[0108] <ArtiN 8 > 

>43 2 t:-.77 -4--, 	T E 1 	(TE1) 	t--,'St- Zgz.R-01A±, AVM 1 L 

WO 2014/208601 46 PCT/JP2014/066846 

0. 1 09dBtftlJ, ©IM 

RTffiV&ZZttfftfrZ o 

[0105] <^wy7> 

m 1 4 1 4 B <fc 9 u ?mg$E&-c£> 
n 4AMI 4Biz^timm^fa 

1 3 r IZ&^Ts 'J L r it 2 0 . 8|imtWo 

f§1 ©^>I$S&©'J 7° 1 1 r0|W1 rttO. 4 n m T?£> y % ^20)^11 

E&© U 7 1 2 r ©teW 2 r & 0 . 9 5 ix m *e£> y % 'J7*1 1 r, 1 2 r©i 

£1-11 ritO. 2 2 jLtm-efe^o 1 ©^^©^©T^ 7° 1 1 s ©te 

W1 s (£0. 8jLtmJ^±, m2(D%m^(D^m(DX^y'l 2 s (Z)teW2 s 
(£1. 1 AtmJ^LU 2o0i;M0fe]©^7 7*1 3s0teW3s(iO. 3 yu, 

m% HI s (i 0 . 095yu,mTS)'2)o 

[0106] 1 o ^«yi fcfc'u 
0|J-Ctt, Hl&gP 8 ©tew 1 £ u y 1 2 r ©tew 2 r £ |f| i; 0 . 9 5 yii m <h L 
s $17 §P 9 ©teW 2 0. 6yum<h-t£0 t/c, ±gp=l 7 3 ©tetf^fbf £ 

gf|©S^f L 1 (i 1 5 ix m J^Ui<h Ls TSP=I T 4 ©te#^bf£ E^©S£ 

L 2 (i 2 0 fj,mU±£TZo Z.(D£^t^mni (Dm$M$kWk^iZ-D^T, 
F D T D & (C <fc £ *> $ n. U - *> a > T? ̂ g> /c © $£H £ HI 3 

0 $.T/HI 3 1 (C^lTo 

[0107] i3 0(i, {i;^^i^©Mfs#tt;&^'ry^7-eS)^o 
(H|3 0©loss) (i% 1 . 5 3~ 1 . 6 3 ix m ©I5HT\ 0. 4~3. 

3 d Bgj£-e&£0 t/c, M3 1 T E0©lIi^©Slft#tt^^ty 

"7 7Tfelio d©jSi/UJii^ (03 1 © loss) (i% ;j£g 1 . 5 3 ~ 1 . 6 3 ix 

m ©I5HT\ 0. 1 4-0. 1 6 d Bjgjg-efe^o d tl£>©^ 7 <£ y, T 

E0£T E RTfg-C&y. T E < 3^ 

& d t & i Rirnvfo % d ̂  *o 
[0108] <^wy8> 

H3 2(C^1\ T E , (TE,) 1 £ 



WO 2014/208601 
	

47 
	

PCT/JP2014/066846 

Par, 	S I -S I 02 - S I 75\ 64:Z SO I 	(Si licon on insulator) a$N 

.t,Ltz..41f11-4--zo 	1:1=i1Vos 	i 	0 2 ),VT3,,E13 	V K L 1,-C , 	_E3,E,130 )s 	i ),V, 

7 7   L 1,--CEllk,\ Z 0  a 7 7   MM, _E iii 13 	V KLL-C S i 0 2 1EtiR1 1 Z . 

A )j3,E,133 5 1 , 	5 2 GATEIW c tt 6 0 0 n m --e 	9, A)] 3,E,133 51 L )033g 

5 2 L orAl Fa W d (4, 3 5 0 n m T 	9, -E 311E13 5 3 0)011W a (4, 1 7 0 0 n 

m --e 	9, 	±, )33,133 5 5 GATEN b (4, 8 4 0 n m T 	Z. -E`a iiill3 6 3 0)M--,'S L 

a tt 1 0 0 0 n m --e(,), 5--/q1335 4 0).r< -,'S L b (4,6 0 0 0 n m --eZ 

0 

[0109] )033g3 	(tea 6 0 0 n m) 	0)kfil,:.../-3(,./ZTE 0 L- g3 (tfi 1 7 0 0 n m 

) 0)kfi6Z.-.S-30. ZT E lig)-10):>Zal—:>a 	A 	6 	(a) 

EzIf >4 3 6 	( b) 	VC..77 -4-0 	)033,,E1335 1 , 	5 2 0)kh -C6t, 	T E 0 7`- - ti,Tti, 

4Z,g0 rklrbirc..MoMPTIXo —  K3 	1 -Df-Dtit, ,-am 5 30„ 
 

."-el,t, 	T E i  ellgri;it: 2 	E — K3ti-DiY, 	A)33,,1335 1 , 	5 

2 0)kfit:.../-3(,./Z 	— K3L-E`aig 5 3 0)kfit:.../-3(,./Z 	— 1751A,fik 

-4-- zo 	zria):. L v.= ct 9, *A1-01JogR.A+ 5 06t, )033,133 5 1 , 	5 

20)TE 0 75'g36 30)T E i tLeaL, 	TEA. TE ir.:gzRI'TZZ:L75 - 

itg-ez. 

[0110] viRRAI (F EM : finite element method) rj..:ct Z*-*ItiNG)0.1' 

„±ODMIJIA0) .Z a l/ - 	a >oDMA 	3 7 vc.,-T -4-0 4Z1,. 7orkl 

a)11 3Stg's_ 	 (error) e± 2 5 n rn -et, 	1 5 3 0-1 6 3 0 n m (Ci> K 

Rye L i> K VCA 	) VCADtc. -D --CMIJIAtt 0 . 	3 5 d B 	A L ts -D  ito 	.J_. 

a) •J_. LIJ\ 6, *Mitiel--M,\I'll I- 	> 	L /J\ --L's i-sr<IV4,1t -4- z •J_. L 

7Y 	75\ Z 0  

[0111] F DT D It: ct Z*'ArtiNGA.R-6,1-E`aM±GYMIT.:> Z a I—:> a >0)MA 

4 3 8 vc.,-7 -4-0 	zri a) 	--e tt, 	MIT-011-1 	+ 1 75\ 6 — 1 00,12 ---Mtt-fb Liz 

-s. ,-T L, 	+ 1 unt, 	— 1 ttxt--ezo 	3 8 ct 9, 	2 "DO))033,13375`6 

A)iTZ T E 0 007593TItTft:lia Li, 	T E , 	— KL 1,--C,±)i --,'Stt, 

Ze±eR,Z gRtt.Z 0  T E 1 	— KOD3(,t, 	Z7`- Li o4Z,g[IPETirbi c_ 8 k, \ 

WO 2014/208601 47 PCT/JP2014/066846 

S i — S i 0 2 _ S i I (Silicon on insulator) Sfe 

£ IZftM'f&o 4^© S i 0 gH^rTpP-^ =? v K «h LTs ±pP©SiJH£: 

=l7«hLTffl^^0 ±SP^>> K<hLTS i 02Ji£sStt£o 

A^1PP^5 1 , 5 20iWc(i6OOnm^y, A;fcSP#5 1 £A;fcSP 

^52 <h ©P^PiW d & 3 5 0 n m Zfo y, £-$gp 5 3 ©teW a & 1 7 0 0 n 

m-e&y, HH^DPP^ 5 5 CDi^SW b (i 8 4 0 n m Tfelio ^SP5 3©S£L 

a (i 1 0 0 0 n m-e&y, ^-/^P^5 4©S£ Lb(i6000 n m-C£>£ 

O 

[0109] A2JSP# (I6 00nm) TE0 (hp^nP (te 1 7 0 0 nm 

) 0®TiIilC£tf£> T E ! ©^E — $ n. U — i/ a 3 6 (a) 

RXfm 3 6 (b) (C^-To A;fcSP#5 1, 5 2©ff®-m. TE0mftl 

^^©te^^HCSWfRtt©^- h*^?: 1 -Dt'-D^s ^SP5 3 ©Iff 

T E ! ̂ te^fqHC 2 — A^)PP^5 1 , 5 

2 ©ff®(C£^- KM<h^$SP 5 3 ©ff®(C£^- K M iHfel 

t£0 Z.(DZ.£IZ£ y, *^«y©^^H?5 0&, A;fcSP#5 1, 5 

2©T E0tf^$SP5 3©T E T E 0£T E ! RT 

t£-e&£0 

[0110] ^iPjiil^££ (FEM : finite element method) (C <£ •2>^^ISte^y©^^'n ;j£ 

^?©®i!UI£©s>$ n. ls—> a >©i£H£@3 7 (C^-To £$E&=l 7©te 

©Mjarcllt (error) 2 5 n mT&s 1 5 3 0~ 1 6 3 0 n m (CA"> K 

M'L/^VKdl^) lZ£>fc?Zffifflm£teO. 35dB^|Mc0 d 

(DZtfrbs K 

[0111] F D T D;£(C<££*^»y©^^||^©«^>$ ZL U—>a >©|£H 

^i3 8(C^-ro d©iTii. B^©{Lt£ + 1 jbN£- 1 ©iBH'C^t&lb LT 

- 1 lilfeTfcSo i3 8<fcy, 2o©A^SP^e> 

AtltZT E0©tfi^«TlfMtHci^U TE,f- K £ LZ&tl^tl 

£*§WJl,TlXtl£o T E ! K ©#*&&, Z^Ul^^jE&te^lRltCJslN 
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Z. EftiVV-47V&k-CZ0 13t.litz_-_ -5 r_, .70J-4-Z 270oT E 0010H 

 	7rL -6- Zz.7.Lt:_ct 9, 	1-amtt -f-i5t.s—K3-D-rEottftt Lts. 

<tszo 	TE,v4,foLTicfAct o. 	2 5 d 13 (:_. -4-ZL'.Lecf4g-eZ0  

[0112] <-01t151]9> 

4 3 3 6: ,-T 1-, tf-15iti'ltei Q gg 	r*-rOIJ 1 L Per-., 	S i — s 1 0  2 - 

S I 75\  6 IS Z S 0 I 	(Silicon on 	insulator) 	a*NtLtz.-.4if_11-4-- zo 	itirim 

OAS i o2y, -Fgo5 V K L1, --C , _E3,E,13oDS i )E7 7 LL, ---cjERoz 0 	a 7 

TM 1, _Eg13 	V K L1,-C S i 0 2NATA1.1Z. 	-42'.6 1 , 	620 rfi'W 

6S,500nm-e 	9, 4j1,1. 61, 	6 2 WANG tt350nrn-eZo 

[0113] *'-±-rtiNW4f-05r6i'ltea.g; 6 061, T E 00)*Eiar<L T NA 00MIS".r<t:Z. 

75<ZJ_L 	4 1.JJEll L -C, 	2 --Do4Z,g. 6 1 , 	6 2 7 ,/fftLAEIT-,'s ti.z.m--,'s L 

CAI V] I,: a t 4 Z j_. LIzt,), — 0')W0g75\61-th0)4MIt., T IV100 ,7). 

4 -,:Le--e,zo  -Dv), 	Tm o oAriatAe/.1\ -,'s<, 	T EijoeiatA 

7Y)K 	0 (1-to4wg.6t,--c, 	Tmo6teat„-\b-4- <, 	T E o tt ea Lt: 

< 0) 	1-1`.71t*iia.2,WI4' 6 41, Z. 

F D T DItL ctz:>z a 1, —:> a >048A, 4M1.77 02Ctig-ge± 2 

5 nm-et, AfiltAtt/J\ - < , 	1 5 3 0— 1 6 3 0 nm (CJ KEzzieL 

i> Kt,-.-41) 	Lk,\ -3r..MMIRI-e, 	T moomatAtto. 	6 d B5M, 

T E o  GAiii- it'Att 1 2 d131,),_ELtS.Dito 	.J_.0) -(.:L75\ 6, *Mitie1A-0- 

1 

[0114] <ArtiN 1 0 

1 'Artff,IINLI-i< MIL 	•-0-' Z 'AVM 1 0 (DCZN11..± 	>4 4 

3 AlZ.,-Tl_„ 	-c0)1=1=1 	Q(3 	(Z=0. 	5) 	t:.../-3tIZM>44 3 Bt:..7-7 -4-0  

L'i -e, 	>4 4 3 A OV,7-stt, ,A+.r< 	1 L1,1-cAtt-fb -L'stl,tz_-.077 Li Z 0 Z 

o IY26tS i -eTWS4-1,, 	5 V K 5 l,t s i 0 2-eTM:_tl.Z. 193.10,1538 	( 

z=o) vc.,80. zrOw 1 =8 5 0 n m, 413 / 3,E,I39 (Z = 1 ) GAM 2 = 5 0 

0 n m, iti*gi3 (Z = 0. 	5) (Z.S-3t./Z_LgI3 	73 GAIRT1e-Fg13 	74 OM 

.- . 4-t,Tti,W 3=500nm, W4=850 nm VC.Fat Li A:0 _Eg137730) 

WO 2014/208601 48 PCT/JP2014/066846 

Xs Atitz 2-D(DT E0(D{±m 

<&s0 TE25dBiztz>z.ttf^mzfoz>a 

[0112] <^M9> 

HI3 3(C^lJ\ Iftil S i - S i 02-

S i I (Silicon on insulator) &t %>o 

(D S i Ft LTs ±SR©S i mZ^Tt LTm^&o =1 7 

MtiSLtik. ±^<7^y Ft LTS i OzMZmiZo &S&S&6 1 , 6 2©||W 

5 0 0 n m U s 3§/i£E& 6 1 , 6 2 ©HHPSG & 3 5 0 n m Zfo50 

[0113] *nmw<Dttfoi5\Rite.m'&%6 0&. T E 0m^mtT M0m^mzm 
tfftzztttUfflLt, 2o©$$E&6 1, 6 2^¥tT(Cl3S£tl^S£ L 

TM0®^ 

Z&tZttf-ZZZo -DSVs TMO©|^1^^/JN£<. TEo0jg^ 

LT. TM0&i^L^f<. TE0&I^UC 

<tN) 

F D T D;£(C <££:>$ n. l^ —*> a 2 

5 n mTts < s 1 530-1 630nm (C/<> K&T/L 

<h^9lA^$Si50T\ TM0©i^l^(iO. 6dBm 

T E0©i^Ji£& 1 2dBJJl±^«i:ofco Z.(DZ.tfrb, 

KU^VTxh/jN^ Z>Z.t £ o 

[0114] <^»y 1 0> 

m i mmtmizm-D* i o©^{i$^ii^£@4 
3A£^U ^©4^SB (Z = 0. 5) (C£tt£|ff®@£4 3 B^To d 

|4 3A0iIli% 1 <h Lfc%tfcfct*tlfc@&zkLri*Z 

o 372liSi "CAMStu ^7f K5liSi02"CAMStl50 Pli&SB8 ( 

Z = 0) lC£tt£i|iVV1 = 8 5 0 n m% i#7SB9 (Z = 1 ) 0||W2 = 5 0 

0 n m% E££SB (Z = 0. 5) ic£tt£±93=] 7 3 ©iH&tTFSB^ T 4 CDte 

HnfnW3 = 5 0 0 nm, W4 = 8 5 0 n m L/c0 ±93=173© 
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011)3zZrFARa 74 L t VC_ Miag3, 1:1=1*3g, *7 31113ttilgreeiatt.--C OZ 0  

tc, 	a 7 2 01-4-,'sEz-y-F3,,i3 	74 01-4-,'s tt-ti,Tti,H 1= 2 2 0 n m, 	H 2 

= 9 0 n m T —7 f L Litz:0  

>4 4 3 ARVe4 3 B t:..,-7 -4--,CZIMM.R-0„±tt, s 0 I a* os I)Ei 

‘y>"-cli.J,), 	- - o_E75\6s i 02ilfiTt --,'s -ftzJ_L -eilf_IMihkg-ezo * 

ArtiN-e_LEATOOSt:_%z-,CZNleUi hkg-ez •J_. L 	z a t— 

a >C110--c- 75-4-- 0 

'f, -,CZN -0530-k-6,(z-Do-c3L.R/<zo 4)—K,g)Jz.gErligtsai.IT- 

37VE x 75\ E N175\ -/fl'ibtz.-.77 -4-- tz_-./9iptL 	-F , 1,0)4 (1) )5zTf4 (2) 0 

II   ct ', t:_tt.TtLigAia7i-4-ER TE, 	R TAZ6,-4-zo 

[t,k1] 

R7E  = fs Ex  H yds 

fs Ex Hyds + fs EyHxds 
(1)  

[2] 

Rim  = 
fs Eyllzds 

Is  Ex Hyds + is Eylf,ds 
(2)  

.J_J_."-e, 	H x, 	H y tt - tt.T41.61-61L -ICS1-610WM3 --eV'), I03 

tteir.i. -1,4 -,r6A-A-ti•f*-e,/ff -)t'i'at_T-k-1-zo 	Ex 	(E Y) iy 

JgEni-s4—K ----ett, Hy (H x) 75,gEn--e 	9, 4,1M3LMIM 

30I-401311-11,t, 	)30);Gti--DJ_L75\6, 	RTE (RTM) tt, 	E x 	(E 

)1) OWITilia ,-il_i-COZ0 *BA*116--ett, 	E x (E y) ejgEn----eZ 

Ltt, 	RTE (RTM) eo. 	7J;),_Lotiaak,\k,N, 	0. 	3<RTE<0. 	7 	(0 

. 	3<R Tm<0. 	7) 0`)L,, 	/\-1 I') V K—KL 1],,3c, 	1_, tc.e -D --C, 	FA 

;ZICM.-03,131,t, Y6031Eiffrbit:341,-c, 	0. 	3<R TE<0. 	7 	(0. 	3< 

WO 2014/208601 49 PCT/JP2014/066846 

tcs =l7 2 0^£^t/T^=l7 4(Z)^£(i^tl^tlH 1 = 2 2 0 n m% H2 

= 9 0 n mt-'Mt L/co 

i4 3 ARX?4 3 SO ISIS0S I Jl£x 

^©±fre>s i 0 2%mk-z-&zz£~ettW$tfe~e$>z>o * 
d <h $ ZL u—> 

E x E y -hx:?k'M.m\]CiZ7^'$tctSbiZ% JilTCD^; (1) RZfxt, (2) CD 

<£ "5 (<- ft"? ft©R T E% R TM^^E.8t" i>o 

[M 

[&2] 

ll 
J/,#,* + \\sEyHxds 

(2) 

c^T\ Hx, H y &^n^n^l5\Rl£~im^l5\Rl(D^ni$fiZfo['J. Mft 
ttiHifrlRk Ex (Ey) if 

K-m, Hy (Hx) 
ft<om<Dm£RTE (RTM) EX (E 
y) CDB^ity-nEx (Ey) tf£SBft-C£>£ 

tits RTE (RTM) if 0 . 7 0. 3<RTE<0. 7 (0 

• 3 < R TM< 0 . 7) (Dt/ \ 'f 7° U y K — K «h P?AW im 

&mte:m&mt. ^omn^mzMLXs o. 3<RTE<O. I (o. 3< 
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R Tm<c). 	7) 0D4—Kti-DO,F2L76,,z. 
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