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Abstract

In this research we study modal and
dispersion characteristics of air-hole photonic
crystal fibers formed through the introduction
of a one-period defect using a full-vectorial
finite difference method numerical model.
On the other hand, by employing an efficient
and highly accurate three-dimensional full-
vectorial finite element numerical model we
have established by introducing the technique
involving inhomogeneous elements, we
accurately calculate various modal properties
of strip-loading semiconductor waveguides
using multiple-quantum well layers as the
guiding region.

Keywords: Optical waveguides, Photonic
crystal fibers, Multiple-quantum-
well (MQW) optical waveguides,
Finite difference method, Finite
element method

= - FrERmEEN

AHEANABRMCOCEIGERENE
BAERAFEEZRTH BN R RS2
EBOARE MREBRBZ—AULHE
ARESEBRESH BT RN
BATREABHOBEREHEE  AE
BRBZ_ARERAFTERESHUS E
EFAHGRRGGERABEF SRR
B RIMABRO=Z O TRRAEE
AR OB MRESOARE YT
TN TRENEASEANENBR
ARG ELTH  BmTRESHEY
B B4 & (1] -

B #¢ E. Yablonovitch 7 1987 #£32 & &
TRESHEIATFLRBENBESZE > A
HERUARTRARIE—EHFRES -
EREXROBRORZR N T A E AR
MEBEF ARV REERELZHEPE
HORT O EAMITRAHFS A EHRK LY
BR - A TRBABTRA - _4a ik
TaBE&H cAATFRBE—AAERY—
BARBRR BACHEEER T AN
HFRERABRE > BTH—BZNE Y
BHERHAFXERGRE AR - A
F S8 A8 & & % B University of Bath
& T. A. Birks & P. St. J. Russell % Afr# &
[2] » B —FAio~ A — A 6 k1 & 88 R gk
MAREE  TUARLHABRTERFLA -4
TaRERBF SR ERILE > BT
BREZRER > @ P OI3asr ) —@E%E
RILR T RE A =B B S — A8
o AR EAERE  REFRGEY @



B HILABBR R E R HEK - R
LRABREZRAGTHERBR ) £ E
S R[3] RABGRERE R FHR
S EY DS MNGE: P X N TSV
ERAGAREANEHFELESENT
(4] » HAEKREZAGENAL TR R EHE
o B AT RBEAEENEEEHK
(waveguide dispersion) & X * {453 & & #4047
ARLBASEARE 0 B i HHEE
BRIFBHAREELBHRER -

AFRBALLEHAEHELERE
FlIRARILE B4 t8A%TS 1
ZRILFAGKRDRAEBATHE T L #35F
TREVESEREHHNE B AEHY
BREFTETH AR EFRA RS LR
AANARALLEAHHSG I LR EER
B ARARREF  BIEALHEFRE
DHEBRAUARBEEHRE -

AALZSHPRY > MNEFAERKRRAR
ARERGOREHUHNRERYFEEELE
EXR - REBKMBILT —BERKOFT A
M AFRAFEBRAFIANENSH T
o A—EEBGAFRERRNE SN
@ BRRRENBLEAREGAEREH
fo o BAEFHEBIRTRS  FRAGRDT
BB RRFEERGKD - BIE
Rb—FERNERNEAEREFREY
BMESN LR EHEAFREK
AR¥gak  EAXBR LSRR ELE
Ribd > BARF LSRN - FIALE
Pt & & 0 BAVAFRIEF A R a3t AR R
RBESEFFHFIRAR SN LA E
R 632 TER TM 3 » a2 k&4
PR R AT AR K
JE& o BT B TRB R BT M -

=~ FERSERT N

EhFEHATFLBAKROEEEN
Yo B —FiT 0 BEH d e BARERERIL
B ABBEZERILAF OM&ESE B
P MR E ARG E RESHEA
st Edieh x BALAB B GBS IH > A
Bl BBE B A=2.3 Bk d=0.6 24 0 3%
£ 1=0.6328 43k PSR sd — B E A

LRAGERTRAELHE S EEZYHBA
=23 ok - B BTG A A MR
FINEEE RN > M ERILFRLE
WRESERE  B=A4 d/A=03 s5p
HFHOBEABPAEBITHEFIBA/ALY
BB - HATRLE=VEA Hikd
KohREBICEBAEFHHRMEHRE B
BAEBLEEER  HAKTRAHAEZERL
S BHBHEMERABALRNAE
£ A FTHEHRERDE - K8
HELRBTETRILARK > ke /A
=0.5 B ZRBERFHR > RdaNER
ERGEFRITHETHE > AT EAREY
KE o RO EE PGP -
BN EATLBASY & HAH
(ps/mm-km) > & S BRI TR —R A =
RMTEM HEHRRAFTHEAE
T&d) - RMFREBFEMB M &8
# B w1 Sellmeier =X » £ A=2.3 8k
B RREZRILAEEAH B &3 AH
TR A d THEHTEK
S e 6k & o £ d=0.621 £4k $ 1 =0.813
PR RV E L6 &R B A-T45
ps/nm-km > H # & # £ & 0472 ps/nm-
km/nm > H[S]ZKBER > & HGEHA-
77.7ps/nm-km > 4% % 0.464 ps/nm-km/nm
AMERE BTHRMAGBASTEE - £
% a3t HERFA[6]2[7] -
ERERAFREEESHRS EET
HHEBEROHRABEFERALSESN
@ RIVFBERGOLEER R EEMAIK
A Hx-Hy /%% Ex-Ey 7% > 3| A\ Ez R Hz i
RO BE -  ERAASEHNTE BTER
KEERARLEG A REFEHFM[L],
8] Rt BAEATHEE >k W=3 %
¥ oH=1#k > 3 EFFHERA =18 10
EK B EFH(GaAs,n=3.609) » & 5 &
X Bty Alp2GagsAs & (n=3.459)Fa k> ik %
ﬁ&% Alo_sGao_sAS(n=3.299) » LA HX-Hy
%9 Ex-Ey B BB EA RIS %
53 B 3.345966 $ 3.345969 > ¥ B H 4
9] - BAELEEBES xRy FTHEFL
EN R EME  RAKMLEFUREE
HER-AEREE S — ik mW=3 4K >
H=2.1 %4k ~D=02 44k > 3 € FFH R
A 70 18 4 EXEH InGaAs & T H#



(n=3.4636) > & 10 £k BE &) InP B
(n=3.17174)FaH » $ T EFHLBRE L
980 &K - #fEk kA 1.52 Mk - KA
REBMEEFTFHERUBEEHE U
O BEREF At AABEAE T HY
BRECAMESET FHBAMBGRYE
WrrBt($EFFHERER T A 980
ER) BTEEMBAN 0 REE
BaR % BLESLEETFHABHHK
B FRHAMERGAMBAEERA -

- SFERRET

FHEARNEARGTERS  AH
FHEBZRAAREBANZT >  BH AL
B AR RBGE R o BRAVE T 047 b0k AR
TRAHSOEFRESETUAEXA RS
FAREATEBRABYBG AR EHH
T MABRIIAHE RGN ERH YA K
ZHEOEFAERAFERERY > Ty
MRS EETFHARF AR OAERABEHEF
UHRALYE RUBZEREHHEES
Mo ERRHRME -

I~ B2ER

(17 D. U. Li and H. C. Chang, “An efficient
full-vectorial  finite-element = modal
analysis of dielectric waveguides
incorporating inhomogeneous elements
across dielectric discontinuities,” IEEE J.
Quantum Electron., vol. 36, pp. 1251-
1261, 2000.

(21 J. C. Knight, T. A. Birks, P. St. J.
Russell, and D. M. Atkin, “All-silica
single-mode optical fiber with photonic
crystal cladding, ” Opt. Lett., vol. 21, pp.
1547-1549, 1996.

(37 J. C. Knight, T. A. Birks, P. St. J.
Russell, and J.-P. de Sandro, “Properties
of photonic crystal fiber and the effective
index model, ” J. Opt. Soc. Am. A, vol.
15, pp. 748-752, 1998.

(41 T. A. Birks, J. C. Knight, and P. St. J.
Russell, “Endlessly single-mode
photonic crystal fiber, ” Opt. Lett., vol.
22, pp. 961-963, 1997.

(5] M. J. Gander, R. McBride, J. D. C. Jones,
D. Mogilevtsev, T. A. Birks, J. C. Knight,

and P. St. J. Russel, “Experimental
measurement of  group  velocity
dispersion in photonic crystal fibers, ”
Electron. Lett., vol. 35, pp. 63—65, 1999.

(6] C. P. Yu and H. C. Chang, “Finite
difference modal analysis of photonic
crystal fibers,” Proc. Optics and
Photonics Taiwan °01 (OPT '01), vol. ],
pp. 178-180, Kaohsiung, Taiwan,
R.O.C., December 13-14, 2001.

(71 C.P. Yu and H. C. Chang, “Research on
photonic crystal fibers using finite
difference electromagnetic analysis,”
XXVIth General Assembly of the
International Union of Radio Science
(URSI) Proceedings CD-ROM, paper
1197, Maastricht, the Netherlands,
August 17-24, 2002.

(8) D. U. Li and H. C. Chang, “Full-
vectorial finite element modal analysis of
bounded and unbounded waveguides,”
Proc. 2001 Asia-Pacific Microwave
Conference, vol. 1, pp. 376-379, Taipei,
Taiwan, R.O.C., December 3-6, 2001.

(99 H. C. Chang and D. U. Li, “Full-
vectorial finite-clement analysis of
multiple-quantum-well  semiconductor
waveguides,” 200! Asia-Pacific Radio
Science  Conference  Digest  (AP-

RASC’01), p. 89, Chuo University,
Tokyo, Japan, August 1-4, 2001.

Homepage of the Opoelectronics Group, Department
of Physics, University of Bath.

B— kFafkeke SEMH -



16,
9™y
8r
7+ t
sl ]
S >
4
I
3+ } -
2t .
12 ' ) ) q
A "

| core indeX

effective cladding index |

mode index

1448 |
1.444]
1.442
R 3 4 5 5 7 5 9 1

normalized frequency (A/A)

Bw EHEEETREASNEE AR
ABATHRIEAN/ LS RIEHE -

50 d=1.04m
4=0.754m
[+]

d=0.621 ¢t m

d=0.5¢m

-150

-200f

-250

08 07 08 08 1 11 12 13 14 15 18

wavelength (¢ m)

Bew AA=23#KE AEZAILFAELRZ
BT LA HEY G -

i | 50 nm Al ;Ga, ; As

10 nm GaAs
Snm Al ,Ga, As

B2z RZEETHAHARRAHHANE
¥ AR LR -

X (um)
1 Ey
£,
N
-1} . N
1] 1 2 3 4 5 6
X (um)

B BEzhEAMEG xRy FaEY
5B SR AL

NS

x 10~

H

N

(BraqwPeg”Pmaw

Relative error
o

10 20 30 40 50 60 70
Number of periods of MQW layers

Bt ¥MEZEEFTHAERURNREENF
B ERES st EAEEEEY
HURLEME S EFTTHARHGRLN
e



