F‘W < ‘*‘F‘ v"]
1. Micro-optical Devices and Systems
2. Design, Simulation and Testing

SRR TE FEE P

, ’1’\*%1

A

gaf
4R

A@ﬂﬁ WHREWT 1 EE L, AT
cyliu@mail.tku.edu.tw

# &

AT BFEFBMAN TS KR S E

KA EE R E L -

RSt ed B s 5- BTAA L F{r- B0
& oo j\vﬁ,gwpg "‘"’i/’a\/z”’lbfs_%glb/’}ﬁo

m'm%ri’m AR BN L EOF A
@ﬁ%];fér]%‘ B UET 7 R ﬁ‘l@ﬁ;ﬁ%ﬁ;% s ¥l fT L

LD

fengt B BRI 5

RS AL A B 21 .
MlaEF 1 B3 Rl Ak Rk o
1. %3

TE R GBI R A5l EE ?ﬁ—%"rﬁp
TEAE > T 5 U LG ke ]k @R T
PREFEBERE AL SRR E S Y L E
[1] A £ B[2)% - 5 2 S8 - A ehe o ] o 2L

R RV T ET ET ST G
FApd b EAREL - BAPE Mk g <
xi’*;??quﬁﬁwiﬁd%4ﬁ%?1wlﬁm%
AE > F]P v 2R % A Mach-Zehnder+ # B &b sk B B

%Eo}iﬁﬁqégk[35]ﬂéﬁ’ﬁﬁ4"‘ 5 Ak B
‘:"/L:“—L 5 1E q.‘r—]v—- ﬂ"mlq\%agrk;*‘l“ - #’t’l f—"lﬁ*
%,J/‘Z; L_/ﬁ»%'i&[i&g7lf“\>’ﬁ-%m%a ’léfﬂ’z

m ok BE ST [6,7]0 % 4

At PR R £ R8I R R LS ik
FLLEARE A e - BTSN L BT
A ETIR A DB REF AR F S L
F LA H[O)KFE BR A e BB B
N

2. Wi

Bl- 54~ ”'“r#ft“"%ﬁii/}ﬁa%éﬁéﬁﬁ_]g] s H 0%
- Hiet s o -
ﬁ%’ﬁ*@»@.ﬂﬁﬁw@a\;@+%w»f
RARS NS L 2% %]M)i%*’jq’%,ﬁ.%i
Bl R GA D BRP IR Sa 0 DA RS
BEA RSB ADE R A BEP RIT a0
X REV ﬂ%—ﬁiﬁ»m%,}iu £330 m@?)\‘fr@?ﬂ{iy_
%E“:—Az PRI LA ] K nSﬂ,‘f‘?SU(z,j 12) H
*%ﬂ”ﬂ@ﬁ%wwL%ﬂogﬁ%gﬁﬁw@ﬁ
ok Stirfd e i % g g & WO IR, R TR
B kR CO)‘B'T‘EE%I”"”*”W(SHZ—O)%’ e kR

T R RACASEF R R R g S

%ﬂh

3 1S

S+2| T 1 S.;“ Sn
S.n Sﬂll T S,
—
Input AD 2d
—
8.4 S+1:T 1 8.2
Su | | 18a g,
—
Qﬂr --T--
4+ Qutput
Siz
B- i g;,,\ﬁaggﬁazﬁgg]

di—ja)zaz ( ! +1Ja2+S — 2
dt Ty

Ty
AP ofros B G £ FRFA AR RIS~ Ve
Ve A %] G £ R IR a8 » ﬁ?] o Ao L Fen®
5 Uy del/ipgs W 5 & ek tFariE » il 4L %-’ff'ﬁ?]
Mgk E R R F o

Rfpic £ 7 Efom @ F # 4 (time reversal
symmetry) > 7ot ¥ p ﬁs?] » ﬁaﬁ 2y Sk ek b2 R R R
thiR by 2. B ehfd 3¢ 5 ¢

2
S—ij = _S+l'j + [—a; (3)
\ 7

Fli 2 FRIPA AR L E Tl > T AR
PRiE O~ R RV R KT SR TR

S, =8, exp(jid) “4)

S, =8, exp(jpd) (%)

Bepi bl Y Ol BEA B di 2 RFA
A2 FF enfEHE > Ao Bl 1977 o

LTS fﬁi@#&iﬁ%ffﬁﬁ A EA R T
Uty =1ty 2 i REAp =05 % > fd=nn (n 5 B #)PF >
ﬁ;,]”""*mF bt AR T B B TF 2 RGBS

2
5 1 2
2 (0-ap) +[—J
R:‘S—ll‘ _ 0 71 7 (6)
S 2
S| (w_wo)2+(1+zJ
T T



F‘W < ‘*‘F‘ g]
1. Micro-optical Devices and Systems
2. Design, Simulation and Testing

4
) 4
T:‘Saz‘ _ L) ™
S , (1 2V
(@-p) +| —+=
0 7
Ho
_ 7101 + 21’21(02 (8)
T12+21'21
1 _m 1 )
7 T Tip +27p)
11 (10)

T Tp+21y)

PR R AR B KR HE2 B R RIS
BadAE vRERL - BERELE O SRR
B s I F S oo A BB~ ol Dk ey kR
BF S Undel/n e d 2 4255(6)-(10)7 v > F & 3%k
AEERRE M CERFFo= w00 T FRF 1 =
20ty 0 Wty =2/t 0 BPEER L R B g Bk T s
$:ﬁﬁiﬁkﬁ%ﬁ%ﬁﬂ°*iﬁ¢%ﬁMy
A& ch[?,]\:* ;}7‘;"{?—1 'ff"f‘ hali ‘*Kq-\d *g’zdz B
KA A A Rk B A o s T 4 )
Fd EppeiEtBd=nm)k £EF a FRI NI 2 IRE
Ak AR o BI AR R ek R S ey b
o R R R Koy T LR IIR £ DR
ﬁ;f]‘fr'”f; K&t o

3. ABRPALH

*fl;llj% 2 qﬂmg;ﬁ * y 2\ ’Fa—;r‘—;-l- dr - B k3 Bﬂa“ﬂ‘;’
Sk fl_‘v\ﬁ‘*?i»’"f wI G 0 Bl T 0 AR E
Fd -ak3: L4 —%Bﬁ”/} ’h’l‘i"qmrgt’\"ﬁ
e ¥ Bia LI 5r=02a> FHL2 4 T ek
11.56 > & Zovk skt £ it H‘rﬁd’“‘“iﬁ?%‘ v @ B tkeD
BELTEWERHT A 42 M) s 6t 304
F T e 7?%“,%* PRI H o 5o A
fe BAH1550 nmen® gk £ IER I 0 Flpta = 5735
nm-~r=1147nm >~ %3 i ¥ % 1364 nm ~ 1996 nm -

00000000OCOCGOCOOOOOOOOO
00000000C0OCOCBOCOOGOOOOOO
00000000O0COCOCOOCOOOOOO
e0000OGOS X - Output
oooocnoooﬁﬁooooocuoooo
00000000 O0O0OCOCOOGOOOOCO
00000000 O0O0OCOCOOGOOOOO
00000000 0000000000
Input T 9000000000
00000000 -00000O0C0O0C0O0COCO
00000000 O0O0OCGCOOOOOOO
oooooocu.?ooooocnnooo
o000 0O0OGO X Output
00000000C0O0C0OCOCOOCGOOOOOOO
0000000000 O0COCOCBOCOOOOOO
Lrﬁfoooccnnooooooooo
a T
RBl= %5 RHAELRELAREL mitiy

Bz %d=3a~1,=0,0.07a,0.09a 1r,=0~1.=0.2a
P el I o érlfoﬁf{— ﬁ*v),%#ﬁd gk E
[3]° ﬁﬁa?]*vﬂ’mq %l f 2 45% L £ 4 5 1384
nm~ 1583 nm’ % r;=0.07ap* > ﬁ%Jﬂ!;%msél %
e A45% ik £ 45l 2 1365 nm ~ 1585 nm > ¥ &
1550 nm#7% i 2 #c 5 48.6% » 7 i hlic® »t50%4
n?ﬁ}MﬂnmNPWMMJW§W@WEZO%Q
g,w@@x%g%’_ Am%@wﬁﬁﬂﬁi°
¥ = 0.09apF > ¢ g £ 1550 nmenT iE G ¥
49.4% > * A EAFE D IR X Ry R Bl éd:
36 ~1;=0.09a ~ 1, =0 ~ 1. =0.2a ~ » 5t £ 1550 nmp*
ek G IR S s PR
iﬁ#ﬁkgé}iﬁ?%iﬁ»ﬁéﬁa?]:’: o
0.6 L

=
in

=
s

o =0,1,=0,r,=02a ]
r,=0.07a,1,=0,r,=0.2a
1;=0.09a,1r,=0,r,=0.2a

S
o
[

Normalized power
[=
(95}

e
I

) SR I N T NI N N I B
135 14 145 15 155 16 165 1.7 175 18
Wavelength (um)

Bz $d=3a~1,=0,0.07a,0.09q ~1,=0>1,=02aF
m@ﬁﬁ%

< v = g
©O000000000000000O0O0O0O(
O0O0O0D0D0D00D0D0ODO0O0O0OO0O0O0OO0O0OO(
0000000000000 0O0O0OO0 O (
ooooooooooooooooooocj
O0OO00DO00EE e 0608 0y
O0O0O0O000O00 06 06 0.6 00 6 ou
coooococooo0 W B B B B 4
00000000 OMO00O000000O0(
00 0.8 0.0 0.8 O 0 00000000 O0(
......ooooooooooq
oooooooooaooooooooooq
OO0 00000 O PEFROS® 0.6 0.6 0.6 0.
coo00O0COOOCO 4 B B = = q
O00000000QEBoEoE 0@ e O
O0ODO0O0D0OO0DO0ODO0O0O0OO0OO0ODOO0OO O (
ooooooooooooooooooooé
ooooooooooooooooooocq!
0000000000000 00000O0O(
ooooooooooooooooooooj@
z > E1550nm~d=3a-1,=0.09 -1, =01,

H@

0.2ap% 1T B4 (7 B

KR = AR S R 2 BT
FFRANASY > AT AP LR 5 0.07a0 BT 5d=3a>
n=Qmwm=QOWm0®wn=0M%%@ﬁﬁﬁ’

¥ i 7



o K
1. Micro-optical Devices and Systems
2. Design, Simulation and Testing

BRI g, =0 L RARREY AT 0.6 — T T T LI B B T
73 s S AS% ik K BB S 0 Fr i L PF o dery 05_ -
%200.07a240.09q > R EE B @ﬁ%}*tﬁ g, AL T
& 37&7\'f’@_‘“?mi%,?‘l’f#if\iﬁ/ﬁ“'f’r& °§04
o .. oW
Y Wk £1550nm kw0 §r, =0.07a85 > 2 735 2
’«g,:mﬂ,; 48.1%> Tt v M iE A it o frhk ® B03
Kig* o Bl 5 >R E1550nm-~d=3a 1,=0.07a ~ g
Iy =0.07a ~ 1. = 0.2aPF 1T A (5 B > » bk g 7r 2t 50-2 0076, =0, 520
igqmm/»\s\ﬁsg;}gpa fim%ii@l*o - r,=0.07a,1,=0,1,=02a .
. r,=0.07a,1,=0,1,=0.235¢
0.6 T T T T T T T T T B 7
et | ol v 1
0.5 135 14 145 15 155 16 165 17 175 1.8
5 Wavelength (pum)
Z 04 Bl- %d=3a-1,=007a 1,=0>1.=0,0.2a, 0.235a
O- s Yy
oy P el AR ¥
go03 o
= CO0O0O0O0O0OO00O0OO0O00O0OQ00O0O0O
§0.2 r,=007a,r,=0,r,=0.2a OOO0DDODOOOO0OO00O00OOOO0O0O
Z B 1,=0.07a,1, = 0.07a,1,= 0.2a 0000000000000 0000O0OO
0.1 r,=0.07a,r,=0.09,r, =02a - (o8 0 o K V0 & N & @ N 5 o B 0 T e i i s O o B T © T © o R 5
'_ . OO0 0000 L 00000000000
0 Illllllllllllllll OOOOOOOOOGOOOOOOOOOO
135 14 145 15 155 16 165 17 175 18 282222222. LE ..
- d_3 _Oo\yavelellgz)h%ug‘;) 009 _02 OOOOOOOOO“!!OOOOOOOOO
BT $d=3a-1,=0.07a>1,=0,0.07a, 0.09a~r.=0.2a ......@OOOOOOOOO
e s
F‘?‘mléﬁa‘l’iﬁté% 00ORO0ODO0 2000000000 O0
@0 0 . & 00 Qb W e 0 000 000
sillc gl RclloR oo llo N s clchchelcRcl-RRcRok: OOOOOOOOO.
O0O00DO0OODOOOODOOOOOOO0OOO0O 80600 00 UNCgd O 00010 000
hOOODOOOOOOOO0O0O0O0OO0OOO0O0O0O OXSREENIE R0, OFCE s O T O DB G ED )
O0CO0D0O00O0O0000000CO00O0O G 9000 010 DROEUEb G U0 010 000 0
oo 0ot Oool o0 000000
00000000 DODO0O0GOO0O0O0D0
OO0 00000 00000000
OC0O0OO0OO0O0O0O0 O 0.0 08 00 0.6 0.0 0 biatialieg it ] - gkl Nl
CNNCNNNNNNE. & § § § § | - DN = - - a
000000000 O00C00CGO0O0O0
Ou® 0.8 0.0 0.6 OO 000000000 (@)
e O e OTe 0T G @O 00000000 OO0 00O0O0CO0O0CO0O0DCO0O0O0ODOO0OOO
hOOOOOOOO® GWo.® 0.0 0.0 0.0 O OO0 000 CO000C0O000OO0O00O0O0CO0
OOOOOOOOD".. . . q 000000 CO0O0O00CO000O0000O0O0
>oooooooooooooooooo<30j QSO0 OIS DEDIO LU O D CRCL O D D ROL0
0O 0000000000000 0O0O0O0O0 O QO O0O0O00 0000000000060
IR ol ollichcRoloRclioMolclodicliclcill-NoNoillo 82222322206080505050.
O00D0O0000O000D000OCOO0D0O0O0 OOOOOOOOO. A A A A
DODODODO0OO0OO0ODOD0OO0000O0000O0 T T L e Ol e
©0000000000000000000( i g IENec o000
. . RO Ve a a0 0O 0 0006 O
E]v. » &t £ 1550 nm~d =3a~1;=0.07a 1, = 0.07a ~ ooooooooo. AW Vo
=02afF g ¥4 1 B OO0OD0OO0OO0O0OD ‘.....
C000000000ROEOROEORO
22 »J.J»’ﬂﬂ»ﬁ 145 AN S T AN L v
TR T A _‘?’@mlijé’*’iﬁrﬁﬂ‘*"ﬂ‘l O0O00OD0OO000O00OO00OO00OO0O0O0O0
ES lF“ﬁﬁ-rﬂ}f'rwln\ 537 5 0.07a400 R 45 . % 1 i’%@ﬁ%lﬁﬁ D0O0O0D0OOO0OO0000OD0O00000O0O0
;ﬂmx)fgg ﬁFEI-”LrT‘F’iﬁlfd=3a‘r~=007a‘rw=0‘ OO0 00000 C0O000C0O0O0C0O0O0OO0OO0O0O0
OO0 00 0C0O0O0C000O0OD0O0O0O0D0O00O0OO0O0OO0O0
_ e S T Ry
Te 0,0.2a,0.235a5§m1§%1ﬁh§ d Bl TR C0O000000C000000O0QOO0O0O0O0
=0.235aB$’?ff»'ilﬁg—wt;",%;paﬁ]miia/»\;%’ugq‘? B A R R R T G B B o e
Fr.=0F > P A ke ES0a 2k o bldod £ (b)
1491 nmE ;2 & & > H 538 B85 0% > & AL 1550nm B~ $d=3a-1,=007a 1,=0 1. =0FF% ¢ » 5+;i

FRooxAh ks BT

%G 47.8%

Een% B4 B ¢ (a) 1491 nm » (b) 1550 nm -



F‘W < ‘*‘F‘ v,.]
1. Micro-optical Devices and Systems
2. Design, Simulation and Testing

MR T LAk FRE A R
mlkﬁikqm%ﬁ’f*%ﬁﬁ.ﬁ%m%fﬁ
Wi T e o de M4 HF 0 SR S g
Hoenig it mri—0~rw—0‘rc—0.235a"f"’iig.]:'.,pt
Wi 22k 51=007a 1,=0~1.=0.235q > P& d &
%%&ﬁéﬂﬁﬁ*wmug PR 2L

L 5 0~ s £ 1550 nmPF Y T W - R s, A
f‘r%]%],{‘—;pﬁgﬁ??}ﬂ:_1@]4'%:11&&535;%11%]

<
~

Output 1
L — Output 2

Normalized power
= =
b2 (V5]
[

0

135 14 145 15 155 16 165 17 175 18
Wavelength (um)

B4 7T g R TR SR e R

e e e
DOODODO0OO0O0V0OOO0OO0000OOODO
00 0C 0000000000000 O0CO0O0O0
O0OOO0O0OO0OO0O0O0OOOOO00000O0O0O{
©COOOOOO00O0OOOOO0O000O0O0OO (
DO ODODC0O0O0® 0008 co0®o0
000000000 000800080060
©00000O0O0® ....‘
Pooooo0oo0 oMY @ 0008000
0,8.0% 0008 0> 000000000
'.....ooooooooooc
POOCOROOCOQOE0600000000O0
e 6000 oW RO & 0.0 OO Q.0 O
ooooooooo‘.....
OOODO0DO0OO0O000000@O00ORO0 0
00 000 00 0@ o0 uE d 0 0o
0000000000000 00O0O0O0OO (
0O0OOO0OO0OO0O000000O000000O0O
©OOOOODO0OO0O0D0OOOOO0O00OO0O0O0OO(
OODOO0DOOO0ODOOOOO0O0O0O0O0O0OO (
Bl-- o~ S E 1550 nm b T LY LA HHAL
PEERT A i

T ko R TES kR LR A #d
ixida Bt - 5 %d=4a1,=0.08a 1r,=0~r.=0.23a

Fﬁﬁ?@ﬁ%ﬁﬁ?& cd BlP T a0 7S ik A 45%h
,}i%%ﬁ;ﬂ; 1360 nm ~ 1572 nm *» @ 7 % G #c+ »v50%
s £ Bl F = B0 @ 451365 nm ~ 1390 nm ~ 1427 nm
~ 1466 nm ~ 1524 nm ~ 1545 nm » f gL /)i—v\,ﬁalﬁ[]\ﬁ
;E‘E‘_#Fi# & F b P £ 1550 nmenF i rlicy B
E49.5% > e BdH e g B X R o

0.6 T I T " T T T I T I T I T I T I T

Normalized power
=
)

I T N NI N
135 14 145 15 155 16 165 17 175 18
Wavelength (um)

008a ~1,=0~1.=

0 1 I 1 ‘ Il ‘ 1

Bl - dd=da~r=
B

0.23ap* cnid

Bt P R
REI N = -
e I
o A ?\mﬁ-’ﬂ"
HATEE A .

LR RARE 1
Amﬁm@ﬁ#ﬁ’
"R TIS0% L T i T
ERA T v

5. 3= %Je
[1] A. Mekis, J. C. Chen, 1. Kurland, S. Fan, P. R.
Villeneuve, and J. D. Joannopoulos, “High
transmission through sharp bends in photonic

crystal waveguides,” Phys. Rev. Lett., vol. 77, pp.
3787-3790, 1996.

[2] S. G. Johson, C. Manolatou, S. Fan, P. R.
Villeneuve, J. D. Joannopoulos, and H. A. Haus,
“Elimination of cross talk in waveguide
intersections,” Opt. Lett., vol. 23, pp. 1855-1857,
1998.

[3] S. Fan, S. G. Johnson, and J. D. Joannopoulos,
“Waveguide branches in photonic crystals,” J. Opt.
Soc. Am. B, vol. 18, pp. 162-165, 2001.

[4] S. Kim, I. Park, and H. Lim, “Proposal for ideal
3-dB splitters-combiners in photonic crystals,” Opt.
Lett., vol. 30, pp. 257-259, 2005.

[5] S. Boscolo and M. Midrio, “Y junctions in photonic
crystal channel waveguides: high transmission and

impedance matching,” Opt. Lett., vol. 27, pp.
1001-1003, 2002.
[6] T. Liu, A. R. Zakharian, M. Fallahi, and M.

Mansuripur, “Multimode interference-based
photonic crystal waveguide power splitter,” J.
Lightwave Technol., vol. 22, pp. 2842-2846, 2004.

[7] I Park, H.-S. Less, H.-J. Kim, K.-M. Moon, S.-G.
Lee, B.-H. O, S.-G. Park, and E. -H. Lee, “Photonic
crystal power splitter based on directional
coupling,” Opt. Express, vol. 12, pp. 3599-3604,
2004.

[8] H. A. Haus, “Waves and Fields in Optoelectronics,”
Prentice Hall, 1984.

[9] A. Taflove and S. C. Hagness, “Computational
Electrodynamics: The Finite difference Time
domain Method,” Artech House, 2000.



