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(An analysis of the lateral first-order mode
characteristics for the semiconductor laser diodes)
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Abstract

This paper represents the lateral first-order mode characteristics for the semiconductor
laser diodes using a two-dimensional numerical simulator. In order to analyze the lateral
first-order mode characteristics. Helmholtz wave equation is solved twice for the lateral
fundamental and the first-order mode considering the mode gain, total losses., and the
recombination rate due to the stimulated emission radiation for the each mode independantly.
Through this procedure. we find that the lateral first-order mode was easily guided as
increasing the stripe width for the index-guiding structures, and that the lateral first-order
mode seems to be dominated in the distribution of total light intensity when its output power
reaches nearly half of that of the lateral fundamental mode. This results may be used to
design the device structure which guides only the lateral fundamental mode. )
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DEVICE STRUCTURE (InP/InGaRsP)
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Fig. 1. The simulated device structures.
(a) [nCaAsP/InP Buried Hetero-
structure laser diode. (b) GaAs/
AlGGaAs weakly index-guiding laser
diode.
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Fig. 6. The normalized light intensity
distributions for the GaAs/AlGaAs
weakly index-guiding laser diodes.
(a) The summation of the lateral
fundamental mode and the lateral
first-order mode, (b) The nor-
malized light intensity distribution
for the lateral fundamental mode,
(¢) The normalized light jntensity
distribution for the lateral first-
order mode.

T F Alele] e FArE FANASE 2R
TE7F ol 5Tt el| Z7) A} uleba Mr) g A
Ezly] Zoll ke 1xpr sl mald Zolv) A
27 Si0:F Alele] e FAE 0.1 m & A
AlF) W =Fol AtE W awkek 1Anoy) walm)
o] 2'epel F2 2.0 um & 2.4 pm Aol
o] ofy ke 7 }Xbﬂ = Zlelct

H 62 GaAs/AlGaAs 2885298 #o)] o}
el Agsid Wel Ay REES e gleh

2Eefel F2 4.0 umo]n 7RIS 2.2Velr}
o] Fxolla] A=} Si0.% Alolel] gl FH=20)
A A 2ba, 810, 29 FH8-S GaAsh

=4



19954 12 BFILBEHX

AlGaAsel ®]8] olF 2}, wehd Si0p &8l F4E
o] Wle] AR e AE A o] Wl A
7] E3x7F e M EAgk}. & ol5%
uladof wlaf mpsromel wel Ay} BEr}F w9 F
olA|A =t} uleir] o] Asle FFUEEAHOT A
%b‘&uk O¥ 6 (a)e 71REES) 1ARER WEEs
g P Aolx, 28 6 (be 7|Ercs Wy
el A7) BEE ez gles, a3 6 (o=
13R e g whEsle we) A7) Bxolr) o] iyelx]
L 1xncg 3EEe e 9L rjErcE uE
Sl gEHuct Axuk AA $4% We] meke 14
eyl saghks 7R e T ARE Yol o
AR o 4 9l

=

5(
\_.

29
=

V. =

B sidMe eivh AR vb ode wisA el

A colerg 23181 $A84 A BHoIHE Sl
MEEA] dolx] delese] e 1REnE AAY

T A= Habsisict,

ulek 13 2o g w83sly] ¢leiAe Helmholtz %
Skl o sjrste] slulel sl s} Hukgr
1A digt geagre] s kAl olE ol
slo] 7} o gk ReolE, FEA 5ol WEkE A
Abstolom, fenbEel 9%t MAPEE 7 mEel of
8 Sdos s Fch oleid AL Faf 3
e 1xrert e 5AS sidE & Qo
2}el Eo| wfg oAz 4G 1A=L EdkE
A ket v sEekd Fo] ARlE Al 1
Arest 44 Tohd 5 deE o A =3
PRSEE] £o1 e Aol AP 1Al it
WA AT e )RRl vls) "R =
sEe) Zo| ZU3e| ulel Il rlRrce] gk
MR AR e 1ak s thgE R
MR Ajolrh vhA] ofrh ey 2Bl Ho)
ZVholl whe} subsl 1R Ee] o ¥okalAgol ke
Neweo Hgt e fRtagRe) ARl At i
A7) o] xEepd Fo| ofF & Afele W
Af7t £8u o358 W 1ARcR WEEE B
Zo] 3w} 7|ERug wEEE PEHEn AH
A E xS 5 sdsdeh, Rk o] AEwelE
g olgstl Ak 1xwsrt wEEE A9 Uk

A E

.

(AR

=
TS

[

000

‘_k
B

(1631}

ENHE AR OB LB 99
HPO]Oiioﬂ we} s e Ar]i¥s) del
F% Y 4 glsdek. EHez $wlr) A
]?ﬂﬂ‘ﬂﬂ o]83le] 3
AR EabE ) 4 [Euenl v
PEE 2R F2E HA AR 4 A =%t
o] ol I Wi TMAAR] A8 wheA4at
Algdle]elq]l MEDICI®] vl widel] A==l oo
I:}-_

ERISETRE S
Hlsk 7

o5 3

4 H e rLr e

%12 s

[1] T.Ohtoshi. K.Yamaguchi, C.Nagaoka,
T.Uda, Y.Murayama, and N.Chinone, "A
Two~Dimensional of
Semiconductor Lasers.” Solid State
Elec., vol.30. pp.627-638, 1987.

G.Hatokoshi, M.Kurata, E.Iwasawa,
and N.Moteji. “General Two-Dimensio-
nal Device Simulator for Laser Diodes.,”

IEICE, vol.E-71, pp.923-925,

Device Simulator

Trans.
1988.
K.B.Kahen. “Two-Dimensional
tion of  Laser Diodes in
Steady-State.” IEEE J. Quan.
vol. QE-24. pp.641-651, 1988.

M.Ueno, S.Asada, and S.Kumashiro,
"Two-Dimensional Numerical Analysis of
Lasing Characteristics for Self-Aligned
IERE
pp.972-981,

Simula-
the
Elec.,

[4]

Structure Semiconductor Lasers.”
J. Quan. FElec., vol. QE-26,
1990.

G.L.Tan, N.Bewtra, K.Lee. and J.M.Xu,
“A Two-Dimensional
Finite Element Simulation
Diodes.” JEEE J Quan.FElec.,
pp.822-836. 1993.
T.Ohtoshi, and N.
Chinone, “Analysis of Current Leakage
in InGaAsP/ InP Buried Heterostruc-
ture Lasers,” I[EEE J. Quan. Elec.,
vol.QE-25, no.6. pp.1369-1375, 1989,
S.Seki,
"Two-dimensional numerical

Nonisothermal
of Laser
vol. QE-29,

161 K.Yamaguchi,

T.Yamanaka, and K.Yokoyama,
analysis of
in InP
J. Appl.

current blocking mechanism

buried heterostructure lasers”,



100 wtT A #HolA tle]lex o ube} (AR EA a4 EmE
Phys., vol.71, no.7, pp.3572-3577, 1992. 4, A8 A 113, 1995

[8] M.Gault. P.Mawby. A.R.Adams, and [12] W.Kerner, “Large-Scale Complex
M.Towers, “Two-Dimensional Simulation Eigenvalue Problems,” J. Comp. Phys..
of Constricted-Mesa InGaAsP/InP vol.85, pp.1-85, 1989.
Buried-Heterostructure Lasers.” IEEE [13] J.Buus, “The Effective Index Method
J.Quan.Elec., vol.QE-30, pp.1691-1700, and Its Application to Semiconductor
1994. Lasers,” JEEE J. @Quan. Elec., vol.

[9] fRER— WhihEif, s -7 e el QE-18, no.7, pp.1083-1089, 1982.
| 3EEEE, 1989, [14] o], &didl, 71523, A3, e, "dA

[10] G.P.Agrawal and N.K.Dutta, Semicon- W 5 B olgl A vleA] ele]=g]
ductor Lasers, Van Nostrand Reinhold, A5 HPHARG AT AL o
1993. A1, 1993

[11] &, A, ™Mi=d do)Ad tolexe] 2
A eREA digRARREE =R A 32

—— X KA 7K

£ M ROEER) % 324 AR B 113 28 ;O ZEGEER) #2714 § 79 2R

A Gepesia st A
s} Ay

(1632)

A Qg e AR

a5} 24



