go0o0ooooo0ooo0o00ooooooobob 020000000 ODOODO 2011010

10-NA22

gooddgbooooooddoooboooddogoooond
0000 (000000)

00 Oo0obooobooobooboobobooobOoooboobooobOOoobOooDn
oobooooOooboobooobooooboooobooboooboooooooooonn
goboooobooobooboobooobbooboboooboobboobobooobboobooooDo
goooboooobooboooooooooboooboobooooobOoooooobobooo
gboboobobobobobooobooboboobooboobobobOobOoboooooon
oboboobobOobobobobobobooooboo0oooboobOobOoboooooon
goboobooooobooooobooooboooboooboooooboobobooboooooDoooDo
goooboo0ooobooboooooooooboobobooooobOobooooobobooo
gobooboobOoooboobooboboobooooooobooobooooOooooboooDn
ooooboboooboobooooobooboooobobooobooboooooOoDn

1 JOoOoboodgo

0000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000 3000002000000
00000000000000. 0000000000
0000000000000000000000000
0000000000000000000000 300
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000 [1-300002000000000
0000000000000000000000000
00000000000 [4-500000000000
0000000000000000000000000
0000300000000000000000000
000000000000000

0000000000000000000000 30
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000

gbobooboobOooooooooboobooooooon
gbogboboobobooobaobooboaoboanboo
googbgbooboboooboboobobonboo
goood

ooogooooooood3doooooooooooon
gbogbobooboboooboboobaboboo
ggooobobobboooooooooobbboogod
gboboobooboooooboobooboooboooon
obooobOooooboobooboooboobooooon
gbooobgoboobobooboboobobobo
goooo

2 buodoobobbooobobboooobo

obooobooooboooboobooboboooooon
gbooooooobooooooboobo

gboboobooboos3stcobooboooooboaon
gbooobOoooobooboobooobooooooon
obooobooooobooobooboobooobooonn
gboooboooobooboooooooooobooo
gbobobooobooobooooooooboobooon
gbooooboooobooobooooobooboooon
oboooboooooboooobooooobooobooon
gooobooobooooboboobbooboooooo
gboooboobooobooooboobooboooboooo
gbobooboooooooboobooobooooon
ooooogoo

oooooboooboooooboooboboboooooo
gboboobooboooooooboooboooboooo
obooobooobOooooboboobooboooooon
goooooooo



go0o0ooooo0ooo0o00ooooooobob 020000000 ODOODO 2011010

3 bUbOouogdn

oboooooooooboooboooooboooboon
joob0oboboooobooooobooboboobooooo
bobooboobooooobooooboooboooo

3.1 00O0O0OO0OOoOooOOoobooo

0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000 [1)-[3]
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000
0100000000000000000 T, 000
0000000000000000000000000
0000000000000000000000000
00000000 (000000000 [g O

Exx Exy Euxz Hrx Hry Hrz
el = | eya €yy €ye |+ (] = | bya by tys
Ezx Ezy Ez2 Mz ﬂlzy Hzz

goboobooobooooooobooboooboon
oboocooobooooooboooon

V x ([pV x @) ~ k[g)® = 0 (1)

OoO0O0ODDOO000 kODODOOOOOOoOooDOeOwO
pOqgU000D000000000000DO000O0

® = /5B, ¥= /gH, [p]=[u"q
® = /uH, ¥ =—\/5F, [p| =[] |
0Oooo0oo

ubooboobobOooboooooobooooaon
Ooooooo e00O0oDOO

2R,
I
= o

e = ({U}T% + {V}Tiy + {W}TiZ){q)}e
= {N}T{®}. (2)
O00oooooo {e}.00000000OODOOO

00000000{U}0{vio{w} 00000 z0y0z
00000000000000007 00000000

Qg «—1—>Qa

in Jin
>
%%?/ a
—
Dt
P’
Qg Fin

(a) 00D

013000000

ooooooooe04,0:, 00000 2,y,20000
oboooooooo

000 (b)000000000 I, 00000 Q
00Do0 Qu0Qp OD000O000COO0DOODOOOO
gboobooboooobooooboobooog

[Pi]{®i} = {uwi} (3)

000 000 i=A,BO00 0000000000
0oooy, 0000 i000000000000000
00000 [RJ00000 {4} 0000000000
000

[Pi] = [Ki] — kg [M;] (4)

K= 3 //f (5 AN - (9 >IN} oy

o)
i = 3 ff[ N (@Y ez 0

() = =it X [[ Ny Wl a0

0000 {N}p, 000 I, 0O0OOO0O0ODOODOOO0OO
zeiDDD QiDDDDDDDDDDDDDZFiDDD
r,0000000o0o0ooooDoooOooon r,oooo
r,ooooor,ooooo

ooooo Qu0 QpUOO000000DO0ODOOO
oo0doooooooboooo I, 00 00000
000000 {9;}r0{®;} 00 {®;}r OOO0OOOO
oooOo {®;}p 000000 (3)0
[Piloo [Pilor l{@}o] _ [{UZ}O] ()
[Pz'h“o [Pi]rr {(I)z'}l“ {Uz}F
oooQ0QepUOUiD0D0O0O0O0O0ODOO I, 0ODOODO
000 &,000000 &0 (i = A, B)00000
00 Q0000 I, 0oooooog &e; 0

Qi = (I)i,in + Qi,scat (9)



go0o0ooooo0ooo0o00ooooooobob 020000000 ODOODO 2011010

U200000000000000000000

O0o0o000d0odo I, 0000oooooooon
in' (V X (}A,scat)‘pm = - Zn . (v X QB,scat)‘Fm (10>

Qscath‘in (11)

00000000 Qu0Q 000000000 (8)00O
00000000 Qu000000000000000
goooboooogn

(I)A,scatlrm = QB,scat‘Fm =

[PA]oo [0] [PA]OF {‘I)A}O
[O] [PB]O() [PB}OF {¢8}0
[Palro [PBlro [Palrr + [PBlrr {Pscat JT

—[Palor{®a,in}r
= {0} (12)
{uaintr — [Palrr{®a,in}r

gboooooooboobobooooboboboono 3
gobobooooobob 2000000000000 0
goboooooooobooobooooboobooon
obooobooobOooooboobooboooooboon
uboobdabgboobobooboboooboang
gboooboobooobooboboooboboobobg
gbooobooooboboobooboooon

3.2 0OO0ODOOODOODO

gboooboobOooooboooobooobooooon
ooooooobooobooboooooboooboon
goboooooooobooobooobooooo 3ogo
gobooooboooobooooboooboooboooo

interpolation of

refinement of
field amplitude

each element

03 00oboboobooboaon

gboooboobooooboobooboobooooon
obooooobooooboooobooboooooon
gboooboo3gbooobooooooooboon
gboboobooboobooooobooboooboooon
goooon

0400 200000000000000000O00¢O
gboooboooboooooboooobooobooo
gbooboobooooboooooobooog

3.3 DOO0DOOODbOOOO

gboooboobooooboobooboobooooon
obobooboooOooobooooooobooobooon
gooobooboobobooboooooboooboooo
gboboobooboooooooooooboobooon
gbooooOooooboooobooooooooon
oboooboooboobooobboobobobooboobo
oobooobooobooobooooooobooooo
gbooobooboooobooooboboooooobo
oboboobooobOoooooobobooboobooooon
ooo

00 FO0O0HOOODDDDOOOD ADOOOO
oooooo ¢00OO0O0ODO

VxA=—jwuH (13)
Vo+A=E (14)

OO0O000OO00O0D0OO0OEOADeDOOO



go0o0ooooo0ooo0o00ooooooobob 020000000 ODOODO 2011010

i
=

NaVAV\NaVAY,
AVAVAVAVAVA

850
Kl

v
{
X
A
\
Y
W

Dy
7aY)
TAVAY
AV
VAVAY

7AVN=GAV VAVAY)
NSNS A
Y,
N
Ay,
VAVZ \NSZgAV/\VAVAVAY
AN VAV
RANSRKT

==

<

N

ol
AVLTATANZIN
RN

(ZAN\VAANZN.
AN/

RN
e

N

A
"
J
4
o

P
K
XAA

(h)OOOooOoooooooooo

04 00000000000000O0000O0O0DOO0OO0
oo

000000000000 EppnD A, 0000000
000000000000 mO0-,000000000
O00¢m0¢, 000 mOn 00000000000 s
000 mOrnO0000000000 (1500000 E0
0000000000000A4¢00000000C00
00

_ (4}
) =1 (6l | (16)
ooooooooooooooon
1 wl_[u],
o | PG = || a7

0000000000000 ooooOooOoO (oo
O000[G)0o00000oo0oooouoooooo
goboooooboooboobooooobooobooo
goboooooooboooboooooooboon

E formulation

error
=
o
N

10°° A-@ formulation
W0 L L L
0 2000 4000 6000 8000 100

number of iteration

06000000000

ooboooboooboobo s yYOoooooo 3bo
gbobooboooobooboboebOobOOODOnOO
gboboobooboooooooobooobooobooon
obooooOoooobbooobooooboooobooon
OO00oooo Gp-BiCGOOOOOOODOODOOOOO
gbobooboobooobooooboobooboooboooon
gboooooooo
obooooooboooobooboooooooboooobooon
gooobooooboboobboobooboooooo
gbobooboobooooboobooboobooooo 7o
gboboobooboooooboobooboooooobooon
gbooobooboooboobobooboobooobooobo
gooobooooboboobboobooboooooo
gbooobooboooobooooboboooooobo
gboboooooboooobooboobooooboooon
goooboobooboboooboooooboooboooo
gbooooood
gboobooooboo20b0000000o0aon



go0o0ooooo0ooo0o00ooooooobob 020000000 ODOODO 2011010

o 7goboooogoooo

obooooOoboooobobooonog

[P1a] [P] (0] {61} {ur}
[Por] [Poo] [Po2] | | {¢n} | = | {us} (18)
(0] [Pa] [P22] | [ {92} {uz}

oooooooooooooooosDOObOOOOon
00000 ¢ (+=1,2)000 «+0000000000
0000000000 (180 100030000000
ooooo

{61} = [Pua] " ({wr} — [Pro] {o}) (19)
{$2} = [Pa2] " ({u2} — [Pas] {}) (20)

0000 (180200000000

[Seo] {Pp} = {fo} (21)

obooooOoboooooboonog

[Sbe] = [Po] + [Por] [Pra] ™" [Pro] + [Po2] [Paz] " [Pas)
(22)

{fo} = {w} — [Poa] [Prr] ™" {ua} — [Poa] [Pa2] " {u}
(23)

0000000000000 {¢}000000 (19)0
0 (2000000{¢}0{¢,} 000000 (21)0000
0000000000000000000000000
00000000000000000000[Sy 000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000

0000000 20000000000000000
NOOOOoOO

[Sev] {dw} = {f} (24)

port 1

port 2\\' %)on 3

Design region

\ port N

& ogboobgoo

update refractive
index distribution

sengitivity
analysis

finite element
analysis

stopping
criterion

09 ooooog

[Shy] = [Pop] + Z [Pyi] [Pia] ™" [Pis) (25)

{fo} = {w} - Z [Pyi] [P] ™" {us} (26)
goooogg

34 00OO0O0OO0OO0OOODOOOO30O0OO0OOOOOOO
ooooog

gbobooboobooooooooooobooobooon
gbobooboooOoooooboobOobobooobooon
00000000000 (Do)ooooooooooo
gooobooobooooobooboooboooooo
gbobooboobooooobooboobooboooon
gbooobooboooooobooboobooooon
oooooooooogooboo
ggbduoboobooboobogbOdport1O
gboboobooboooooboobooboobooooon
oobooobooooobooooobooooooooon
o9booooooboboooboboooboooobobooDo
gboboobooboooooboobooboooobooon
gbooooooboooboobooboboboooooo
obooobooobOooooboobooboobooooooon



go0o0ooooo0ooo0o00ooooooobob 020000000 ODOODO 2011010

ooboooooooobooobooooboooboon
oooooboooooboooboooooooobooo
goboooooboobooobooboobooboon
oooobooobOoobOooobooboooooboon
gobooboooboobooboobooboooobo
gboboobooboobooobooooboooobooon
gbobooboooboobOoooobooboooooon
obooooboooooboooboooooboooboon
00000000000 (AvM)OOoOoooo
uobooooboooboobooooooooboo
gobooOoobooobooobooooooooooooo

[P1{®} = {u} (27)

OOport 1OO000DDOODDOODOOO (27)0D00O0OO
0000 {¢}0000000RO000000O0OO0O
ooooooooooooon S, o

Sn1 = {®}" {gn} (28)

0000000000000 00O0n {g} O

{gn} =

([Mtt]{¢t o} M6l ))  (29)

ooooooo
gbooooboboboboobobooboooon
o000 MODOOOOOO @; i=1,2,---M)000

ETZET(al,G,Q,"',aM) (30)

D000000DD0000000:;00000000
¢; 0000000000 |S4[°0000000000
Dooo

O1Sml* _ . 95
8(11- n 8@1'

8Snl
80@ nl

(31)

00000 (31)00 98,1/0e; 000000 (AVM) O
0000000000000000000008S,,:/da;
000000 ¢ 000000000000000000

asnl 85,1 0®;  [9S,1 )" 0{®}
Z 8<I>j 80@ _{ 0P } 8&1' (32)

0000000000000000000000000
0000000000000000000000000
0270 0000000

2, 20
o{®}y 0[P
e I el U S C)

gooooooooooon (32)DDDDDD
981 [P

Ooooooooooo{n} 00000
T
o7 = {5t i (35)
00000 (28)0000000 (35) 0
[PI" {2} = {ga} (36)

000000ooooooooo {\,}00ooooo
00 1000000000000000000O[P)O
gboooboobooobooooboobooboooboooo
gbooobooobOooooboobooboobooooon
ooog

00 J[P)/0e; DO OODO0OODOOODOOUOOOD

olP| aZ’f (N} {NY dzdydz (37)

o =R [

gbooooooboooooon

8% Z / / 3&«

ooooogo

gboooboobooboooboobooooooaoon
gbobooboooooooboobOobobooobooon
oboooboooboobooooooboooboooboooo
000000000000 (O0o00)00DUooOo
0000000000 (p)oo00o0Uoooooooo
obobooboobooobooooboooboooooon
oooooooooboo

gbobogoz20000000000000000000
O00000000000000000 w(y,2) D000
oboooooogoooo

(V> {N})

(Vx {N})dzdydz (38)

_Era) H(w(x,y,z)) (39)

0000e.,0e,, 000000 20000000000
H¢ O Ooooooo oo l1oooooooooooo
e 0 w(z,y,2z) 000000 ¢, 0000, 0000
0gooooooooooobbbbobb e 0O0Ooog
O000000H(UDUDODODODOOooOooooooo
ooooo

Er(l‘,% Z) =Epaq T (Erb




go0o0ooooo0ooo0o00ooooooobob 020000000 ODOODO 2011010

000 RO HEOOODODODODOOODODOOOOOOOO
O000-h<w(z,y,z) <hO0D000O0O0O0OO0OOODOO
oooooooooooboooOoARbOOOODOOOOO
ooooooooooooooooobobo h—o00000
oooopoooOooopoooOooooooerbbOOOO
goboooboooooooboooboooooobooon
gbooooOoboooooobooon

0000000000000 00000 w(x,y,2) 0
oood

(z,y,2 Za filz,y, = (41)

000000000000000 (37)0(38)00 e, /da;
O

gzz = fi(xayvz) (&"b - €ra)
0 (&< —h)
£+ h
h 0
X h2h—§ (Fh<&<0) (42)
1- 3 (0<E<h)
0 (&>h)

obOoooOooboobooboobobobooboooo
oogooooobooooooooooooboogoooo
filz,y,z) O0O00OO0OOOO0O0OCOOOOOOOOOO
0000000000000000000 fi(y,2) OO
ooboooboboboooobobooooooooooooo
000000 w(r,y,2) 000000000 0O0OOO
gbooobooooboooo

Nz—1 N.—1
’LU({L‘ Z Z Z azy COS 01] + bzg sin 91]) (43)
i=—N, i=—N,
21 2mj
bij=F o+ 2 (44)

000 N,ON, 00000 200000000000
000L,0L, 000000000000000000
000000000000 0000000000000
000000000000 0000000000000
0000000000000000000000 202
oooo0o W,O0W,0000L, >W, 0L, >W, 00
000000000000000 060000000
000000000000 0000000000000
0000

0 10~1200000 Si0,00000 SioDoO0oo0d
00000000000000000000000 2um
000000000 1000000000000000
0000000000000 (0000 0500000
0000000000000000000000000

© o o
w N O
T

© o
N

T

normalized power

| | |
50 100 150 200
number of iteration

)OOoooooooooooo

& {« {q

o
L

oooo
120 0 200 O
(byDOOOO

010 TOOODOOODOOOOD

O 11000000 TOODODOOoOoOOoOoooo

0 12:

obooooo Thooooobobooooo



go0o0ooooo0ooo0o00ooooooobob 020000000 ODOODO 2011010

uboobodbogbooobobooboboooboanod
gbob nooobobooobobobob 120004
goboooooboobooobooboooooboon
gboocooOobooooboobooooooboon

4 0O0O0O0OOooOoOobooooon

g3togbogbooobobooooboboobonog
gbooooobooboboooooboooobooboon 3

oobooOooobooooobooooboobooooboooon
oboobooboooboobooboboobooboogo

goboooobooobooboooooboooboon
gbooobooobooobooobooooooobooon
obooobooobOoobooobooboobobooboooobn
goboooooboooboobooooobooobooo
gobooboooboooobooboobooobooon
oooooooboooboooooooboooobooon

ubdboooobgboboboboboobobooda

gbooboobgooobobooboboooboonog
gboooboobooooobooon
ooboooooooobooob3obooooooboon
ubobooboobooboboobobooooboabd
gboobooooboboo3booobobooooboonod
gboboooboooobooobooooboooboon

ooboooobooOooooboooobOooobooboooooo
oboooobooobooobobooboobooooboobo

gobooobooobooboooboooooooboon
goboooooboooboooooooboooboon
ooooooobooobooooooobooobooon
goboooobooooboboobooogoboo

obooooobooboooooboooboooobooo
ddddooooooooooooooooooooooon
ooboooooobooobooobooooobooobooon
gooobooobooboooboooooooobooo
goboobooobooooboobooboobooon
oboooboooboooOooboooooboooboon
gobooooobooobooobooooobooobooon
oooooobooog

5 Uuogoboo

(1) M. Eguchi and Y. Tsuji, Bending Loss Evaluations of
Holey Fibers Having a Core Consisting of an Elliptical-
Hole Lattice by Various Approaches IEEE Journal of
Quantum Electronics, Vol. 46, No. 5, pp.601-609, May
2010.

(2) 000000 D0D0DO0O0DDO0OOO0DOO0ODOOOODOO
gbooooooooboooobooooobooooobooooon
oooooooooooEMT-10-78, 20100 700

(3 00000 OUUODOODOUUOOOOO SVEAOD
gobooboooooooboooooboooboobooon
coooobDOooooooOO0O0EMT-10-79, 20100 700

(4) 00 0000 ODQOOU0O ODOLDDUOOOOUOOOD
goboooboooboooboooobooooog 22
goboboboooooooooooobooogonii2o2010
g1ood

(5) J0OO0O0OODOOUOOUODOOUDOOODODDOUDOD
gobooooooooobooooobooooobooon
ooooooooboboboon0EMT-10-160, 2010 O
1100

(6) 00D0D0D0DDODODOOODOOODOOOODODOOOOOD
gooooooooooobooooooooooboooo
goboodoooobz20100 1100

(7) M. Eguchi and Y. Tsuji, Bending loss of elliptical-hole
core circular-hole holey fibers bent in arbitrary bend-
ing directions, OSA Applied Optics, Vol. 49, No. 32,
pp.6207-6212, Nov. 2010.

gooo

[1] Y. Tsuji and M. Koshiba, Finite element method using
port truncation by perfectly matched layer boundary
conditions for optical waveguide discontinuity prob-
lems, IEEE/OSA Journal of Lightwave Technology,
Vol. 20, No. 3, pp. 463-468, March 2002.

[2] N. Kono and Y. Tsuji, Oriented perfectly matched
layer with flexible parameters for waveguide disconti-
nuity problems, IEEE Photonics Technology Letters,
Vol. 16, No. 4, pp. 1089-1091, April 2004.

[3] N. Kono and Y. Tsuji, A novel finite-element method
for nonreciprocal magneto-photonic crystal waveg-
uides, IEEE/OSA Journal of Lightwave Technology,
Vol. 22, No. 7, pp. 1741-1747, July 2004.

[4] Y. Tsuji, K. Hirayama, T. Nomura, K. Sato, and S.
Nishiwaki, Design of Optical Circuit Devices Based
on Topology Optimization, IEEE Photonics Technol-
ogy Letters, Vol. 18, No. 7, pp. 850-852, April 2006.

[5] Y. Tsuji, and K. Hirayama, Design of Optical Circuit
Devices Using Topology Optimization Method With
Function-Expansion-Based Refractive Index Distribu-
tion, IEEE Photonics Technology Letters, Vol. 20, No.
12, pp. 982-984, June 2008



