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Abstract

We calculate the facet reflectivity as a function of the waveguide width of buried channel waveguides
using the angular spectrum method and the field profiles obtained by the effective index method, the
variational method and the modified variational method, respectively and discuss the results. As the
waveguide width increases, the facet reflectivity of buried channel waveguides approaches to that of slab
waveguides. As the waveguide width decreases, the facet reflectivity of quasi-TE mode decreases from
that of slab waveguides, while that of quasi-TM mode increases from that of slab waveguides. The
variation of the facet reflectivity of quasi-TE mode as a function of waveguide width is much larger
than that of quasi-TM mode. When the aspect ratio is one, the difference between the facet reflectivity
of quasi-TE mode and that of quasi-TM mode using the variational method and the modified variational
method is negligible, while the difference between the facet reflectivity of quasi-TE mode and that of
quasi-TM mode using the effective index method is large. In the case of quasi-TE mode, the facet
reflectivity using the angular spectrum method and the field profiles obtained by the modified variational
method could be more accurate than that obtained by the effective method. In the case of quasi-TM
mode, the facet reflectivities obtained by the various methods are almost the same.
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Table 1. The propagation constant as a function of waveguide width using the variational
method, the modified variational method, the effective index method and the beam
propagation method [im™].

o | e T e Effsivs i e
B scalar Bvm'" By Bem'E Bem' ™ Beem'® Bren'™
04 15.8922 15.8904 15.8904 15.9367 15.9203 15.8634 15.8654
0.8 16.1916 16.1906 16.1895 16.2002 16.1538 16.1788 16.1387
12 16.2983 16.2978 16.2961 16.3011 16.2446 16.2927 16.2397
16 16.3465 16.3462 16.3443 16.3477 16.2874 16.3438 16.2864
2 16.3721 16.3719 16.3699 16.3727 16.3107 16.3707 16.3112
16.4006 16.4006 16.3984 16.4008 16.3373 16.4003 16.3392
4 16.4118 16.4118 16.4096 16.4119 16.3480 16.4118 16.3502

(923)



10 Varational Mo gk Po REE o848 wulg Eof w}E Buried Channel Waveguides®] & whikg &A%

ogoledh w208 md wWe EIM #H-E A3t
g A (BravH7F VM3 VM _vec o2 73k
Aails=nr) BPMOog 5k HIpbke (8 pev el
28k gt g4 w-08m% HE BPMoz 73
Asakele] 2= 0093 %010 w=4md o
BPMeo# 73 Aspatpelel Ak 0.013 %%irh
=28 2= 78 1(a) T2 n, =352, n.= 321,
d=04 mm A=13md o =3z & H3lA7IEA
T o akkgelnh Ad =3l 2319 d=
vy E sl mre gk VM, 2H7e] wheke el
AAZAL A8 VM_vec, 28] EIMS 83}
33 =] angular spectrum WPES H8sle] o ul

g Faw 7ba ulal A Eskelck

04 ———— e

: -, Slab—g

f/ - :

S 035 i 5i-T -
% . p )24 Quasi-TE [~ VM(TE)
7 PR

| ) .

2 : ‘/ =— EIM(TM)

® v Y. —a— VM_vec(TE) |

8 03 F f e 4 \/M_vec(TM) i

w S . |

L/ uasi-TM |

= t\\‘§ M :

\ e slab~_ -

}{ - t’ﬁzﬂﬁ:é,

025 LT Sieen et ! [V SO ST S S

0.4 1.2 2 2.8 36 4

Waveguide width [um]

I3 2. &2 Fof uE g dikE
Fig. 2. The facet reflectivity as function of
waveguide width.

Quasi-TE ==9] 743 A4 A =52 Zof of
slo] VM-S ARgsle] 737t vk Es VM_vec® A}
S8l TR AL Alele) Aole FAFR S U A
%0193 bi-directional method of line BPM™ 1}
He AR TR AL Gt IS ARE B 4
Usleh. E=sks Fo] AMLE VME AR Tt
WS, VM_vecs AHE3sle] 731 w3} EIMS
Mgl 7R WA 1na.=352, ne=321, d=04
me) slab Eskze] dkabge] ARFe 2 4 glgdch
w3 wulg Zo] Alojal4E A pA| wos 73
HEALE-S slab EdpEO] HRAMSGRRE 77Aslgich o]
Ao Eshi Fo| AolIiE y WFeE vhehhks
T™ 2xe) i} AA7) gielet 12y =9tz
Zo] zlolAlpE VM VM_vecd AMESie] 43 &

(924)

o]

A dhabgo] EIME Abgale] b v wbxbgErd
AR ghasko] A vebden w= 04md
(aspect ratio=1)+& EIM-& AHgsled &k quasi-TE
wegl quasi-TM EEo] ukabg-e Ao)rh zlont
VM3 VM_vec2 & 3t quasi-TE 2.=2} quasi-
T™M 2xz2} whakge 719} dAsigrt w= 04/m<
ol VM3t VM_vecd AHg3ste] F3F wbdd HbApEs
EIMS AR&slo] 73 vyl ukabg2] Zjole 8.2 %0]
grk w=04m¥ = (aspect ratio=1) VM¥} VM
_veco @ 78l quasi-TE RX¢} quasi-TM FE.9
HhAbge] Aol 1.9%EA o]e} e oI} v
olgi= glalmbel wRAlule] polarization matching©]
quasi-TE R=$} quasi-TM Z=7} ck2r] wio]
2} A7)

Quasi-TM =xo] 4% A 7}x) whdoz 73t ot
W oAb ke F g bl dis) A AT
of 4 olrk kalg Zol AAGE A 7iA] whow
F&F e WSS n, =352, n.=321, d=04m<
wo] slab EdpEe] WA HIdch =ve &
o] Aol Al 7HA| whgoR 3t ©H HMAE2
L33 Zo) 0.8/m 7HRE slab E3RolA 9] WhALE
2RE ot RN ol s FHol zlopA
F2 y ke g vehls TE 229l 537} 737
o relch

a2 Zo] zolid] wel VM3 VM_vecs AF
43}) 73t quasi-TE 2=} qusai-TM 2= o
W b Ad =sl2e) FHutes 7" 24
o] g wkAkg g 02752 IS & slglch
oy fEEFEE whiog ik o HAREE 3]
7} zA Vet
EupE Eof nlE whd WhAEe] Wiske quasi-TE

T

ga

2est quasi-TM  2=of Bis wsleke] Ak
Quasi-TE =2=9| #A$ 32 Zo| 04 molA

VM_vec® & =il uhg-d =2 Fo] 4my
wje] whd ubabgel] wlsle] 27 9% ZAasidct e
quasi-TM 2= A% =52 o] 08m<Y o
VM_vec® T8 w9l ukigs} EIMeE 7% ©w
HhAbge Eakg Fo] 4ym o W EIMOE 73 =
uialgol  wlsle]  Zh 80%et 74%  FV8o
quasi-TE 2zl n3l] wshEoe] 43| 2gich

9o A9} HAEE Esle] buried channel
waveguide®} =l HhALES AXNE o AMSEE 9



20006 118 EFISEH

E BFO] analytic FAS W HRALE gl & o
e WAL o § ek fEETHE wpHoR T3
27hde] drm FEe 2 deial ukel Zol aspect
ratior} ke edelde skt We Bxe} oA}
AR o2 HhALE w3k ARk gk eaph =2
A e o 47 ek zehd aspect ratio9}
Abtgle]l Akl 9= Rxel 3t HE VM
VM-vecs AHgsbd ek o kg giat 23}
2d S ¢ 5 ek

%
—

i

=3

=3

V.2 8

Buried channel waveguide® = R ¥of gt
analytic 3418 VM, VM_vec, EIME& ARg-3}o]
73 H angular spectrum WH-2 Hgale] walg
Fof whE by whalgg AL vlE HEslgEch A
7R wpes Agk g 2xe] AHERE ZHEs)
flated Zbte] wpgle g Tk Asbks ke BPM2
2 g At g3 vlasisick

A4l Aol HAEE  E3ld  buried channel
waveguide®] wHd HRAES AN of AlgEE
= RE9| analytic ¥EA-S o 9ALE gloll & o
& vAE 4 4 dsich Ad =skEe] aspect
ratios} AFdgle]l A = Fxo} 23} AL
VM3 VM_vecE AMgsled 221419l d= B35 +
3l 5] angular spectrum - ARgsied AARRE
W kA Aole a2 Fef A Fziellx] AR
2 o¢ 2Rk REFEE whie] # A8=+
Aollxe Zhte] uped gk ohd wiAlER A9
dxjsigde). 2eh =32 Fo| v Aol aspect
ratio’} 1¥ = fFaIEE& WPHE ARS8l 1)
quasi-TE 2Z9} quasi-TM 2x9] b ukalg =)

= o =34 Jepteyt VMeE T3 quasi-TE
ool quasi-TM 2Ee] bl HRbEo] 719 oA
ahick
w3}l buried channel waveguided] =IE o
o wbH 9g HslEEe quasi-TM 2=y}
quasi-TE Rxel i3} wsjgke] =A epdd o
= dglch

web VM3 VM_veco2 73 Ad Eghzel
P #39| analytic E£3All angular spectrum
method& AHE3slH Ad =d2e] Fukil 83}

%

o o ¢

°]

2+
e

(925)

#®37% SDE B 11 % 41

FE

slellels AlgspasE As}
FEE A AR & olvkw

FHbAb

it
re

Ho

al

42, AR, FEE O 2 2 A
o] Fubal zE] AA" = FAEE =
2], Al 2149, Al 73, pp. 1850-1860, 1996

Jens Buus, Mark C. Farries, and David J.
Robbins, “Reflectivity of Coated and Tilted
Semiconductor Facets,” IEEE. J. Quantum

27, NO. 6, pp. 1837-1842,

[1]

o,

7

[21]

Electron., vol.
1991.

[3]S. Kitamura, K. Komatsu and M. Kitaura,
“Polarization-Insensitive Semiconductor Optical
Amplifier Array Grown by Selective
MOVPE,” IEEE Photon. Technol. Lett.,
vol. 6 no. 2, pp. 173-175, 1994.

Y. K. Katoh, and M. Kawachi,
“Polarization  sensitivity  of

waveguide thermooptic phase shifter for

[4]

Inoue,
a silica
planar lightwave circuits,” IEEE Photon.
Technol. Lett., vol. 4, pp. 36-38, Jan. 1992.

[5] Kenji Kawano, Tsutou Kitoh, Masaki
Kohtoku, Tatsuya Takeshita, and Yuji
Hasumi, “3-D Semivectorial Analysis to

Calculate Facet Reflectivities of Semi-
conductor Optical waveguide Based on the
Bi-Directional method of BPM
(MoL-BPM),” IEEE Photon. Technol. Lett.,
vol. 10, no. 1, pp. 108-110, 1998.

W. P. Huang, and H. A. Haus, "A simple
variational approach to optical rib wave-
guide,” J. Lightwave Technol., vol. 9 no. I,
pp. 56-61, 1991.

A. Kumar, K. Thyayarajan and A. K. Ghatak,
of
waveguide : An accurate perturbation approach,”
Opt. Lett., vol. 8, pp. 63-65, 1983.

[ 8] BeamPROP, Version 4.0, RSoft Inc., 1999.

Line

[6]

(71

“Analysis rectangular-core  dielectric



42 Varlational W o2 78 H I Z 0|43k Tul2 o w}E Buried Channel Waveguides®] ©d uhilg 4482 #

£ 8 E(EER)

19985 29 SUTHstR ARkt
2oL 20009 29 SAGRE W
Ags gL 2000 29~
A e Apsts) uhl.

FAAol © BEA 9 PIES
& a7, BEAAZE, FHA 59
£ E H(E&R) 20004 68 BT LREEH § 274

% 6% BR

S I |

(926)

£ ¥ B(EgR)
19989 29 SAdEta Axbgs gkt 2000 8
4 AW Axgst FEAal 2000 84 ~d
A LG innotek. F3RAIEol ¢ FEAl 1) ez
4 &a), BN, FARAA B

k=]



