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Influence of Lateral Field on the Relaxation
Oscillation Frequency of Semiconductor Lasers

S. F. Yu and E. Herbert LiSenior Member, IEEE

Abstract—We demonstrate theoretically that the lateral field oscillator is deduced. The corresponding relaxation oscillation
distribution can be utilized to enhance the relaxation oscillation frequency,wy, is given by
frequency of semiconductor lasers. It is found, for some laser ’
parameters, that gain-guided semiconductor lasers with narrow o gPs oG or
stripe can exhibit higher relaxation oscillation frequency than Wy = - FSW + GSW (4)
index-guided devices. P

where we have ignored the spontaneous emission term in the

|. INTRODUCTION derivation. In addition, we also assume that
HE LATERAL field guiding performance of semicon- _ oG
ductor lasers with gain and index guided structures have G(Ns + AN) = G + ﬁAN (5a)
been studied extensively [1], [2]. Most of the works are _ or
concentrated on the analysis of stable and single lateral mode P(N: + AN) =T + ﬁAN (5b)

operation under high injection current as well as the un|form|t|}4 the derivation of (4)9T/dN is the differential confinement

of light-current characteristic [1], [2]. However, the relativg . . :
. . h A actor and this parameter is affected by the lateral confinement
important quantity, the relaxation oscillation frequency, undeE . . .
. . : X structure of semiconductor lasers such as devices with strong
the influence of various optical confinement structures has . )
. . . mr:iex or gain guided structure.
not been investigated. In this paper, the effects of latera : . . o .

: : . : In strong index guided lasers, optical field is strongly guided
optical field on the dynamic response of semiconductor Iaserls he | | direction d h h in refracti
is analyzed theoretically along the lateral direction due to the step change in refractive

' index between the core (active region) and the cladding

regions. However, external carrier injected into the active

IIl. THEORETICAL ANALYSIS region causes a small reduction of refractive index inside the

The relaxation oscillation frequency of semiconductor laseastive region. This is because of the carrier induced index
including the influence of lateral field can be derived from théhange inside the semiconductor material.

modified rate equations model given below If we assumed that the injection carrier is well confined and

its distribution is uniform along the active region. The small

dN(t) = 1) _ v, [(N)G(N)P(t) — NG (1) change of lateral fieldAE,, can be deduced analytically by
dl(it(t) v KN () Tsp(t) using the perturbation method [3] and is given as
— ST WGENP@H) - ———-—= () AE 1 3 k¢ [ Ef AeEpdy ©)
s p = .
: JIE,|*dy gs - b v

where N and S are the equivalent carrier concentration and a#p
photon densityG is the equivalent modal gai, is the lateral
confinement factory, is the carrier lifetime andr, is the
ptht_OF‘ I|f_et|me.K IS th%/sponrt]aneolus em|;~35|on facj[grjsl the small change of refractive index caused by the external
the injection current and” is the volume of waveguide. In injected carrier andn is the built-in refractive index of

(1) and (2),NV, P andI' are time dependent. The frequency ,yeqide 2 andg3 is the electric field and longitudinal prop-
response of lasers can be obtained by setting, agation coefficient, respectively, at steady state. The subscript
N(t) = N, + AN(t) (3a) i qndtﬁ a][e integers stand fo[ thi\lateral mode n_urzg;r and
.0 is the free space wavevector. As we can see in
P(t) = P, + AP(?) (3b) re(:)duces with th% increase of carrier concentration insige the
wheres stand for steady state. By substituting (3) into (1) an@ctive region but remains unchanged inside the cladding layers.
(2), with the assumption&, > AN andS, > AS, asecond- From the definition off’,

order differential equation describing a damping harmonic R ) R
r= E, E E.
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The small variation of permittivityAe, in strong index guided
lasers can be approximated ky: =~ 2nAn where An is
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optical gain in index guided devices is not desired for the A
reason of reduction of relaxation oscillation frequency through ™"
OT'/ON as indicated in (4).

In gain guided devices, the optical field and carrier concen-
tration profile are affected by the injection carrier distribution
along the lateral direction and they are determined by the
carrier diffusion rate as well as the width of metal stripe.

In addition, the differential gain are also varied between ‘ ‘>
the active and absorption regions. In order to analyze the 4G carrier concentration
. . . . . AN,
differential confinement factor defined in (4), we use the N2 PN,
following assumptions. 1) For devices with narrow stripe e
2

width, it is reasonable to assume uniform lateral distributionabsomﬁon
of carrier concentration inside the active region and is equal
to Ni. 2) The profile of lateral carrier distribution inside,

. . i . . . _Fig. 1. Optical gain and absorption versus injected carrier density in a
the absorption regions are identical with the optical fielekmiconductor laser shown schematically. A small change in carrier density

distribution and the corresponding peak carrier concentratigffects absorption more strongly than gain.
is equal to 2V, where N, is the average carrier concentration

inside the absorption layers [4]. 3) The carriers diffusion rate 5 o of the conditions for mode stability in gain-guided

betwee_n the active _and absorption regions are gssumeq tq/\)%eguide is(11¢1 — n2(2) > 0 [5] and this implies that the
proportional to the difference d¥; — N> and 4) the differential yonominator of (12) should be greater than zera.as- ns
gain of the active and absorption regions is assumed constgnf, hence, > . Furthermore, we should note thatis the

and is equal tdG/dN; anddG/IN,, respectively. net gain of the device and; should increase monotonously
In gain guided devices, it is noted that the average carrighi, A N Therefore

concentration inside the activgV,;) and absorption region
(N.) are varied out of phase. This is becauseVasapproach i 9B\ _ 9B _ 9G
its threshold value, photon density start to generate and is ON1  ON>

absorbed in the absorption region, hendg, in absorption ] ) ) )
region is increased due to the absorption. Howevér, is Now, we impose the inequality requirement for the term on

reduced with the stimulated emission [4]. Therefore, the n&€ Mght hand side of (12) enclosed by a square bracket as
change of equivalent carrier concentratiany, can be related P€lOW
to the net change of carrier concentration inside the active (1 -T) ( (s / A )

= = > 0.
ON  ON ~ 0 (13)

(AN;) and absorptior{AN3) regions as T ON,/ BN,
AN; = Ny — N,; = AN (8a) _ (1-T)0G/ON, 1-T _ 0G/ON,
= ‘ > | or > - . (14)
AN; = N; — Ny = —AN (8b) LoG/oN, I' = 9G/ON

where N,; and N,, are the steady state carrier concentrathis inequality holds only fol' is small and9G/ON; <

tion inside the active and absorption regions, respectivef§G/9N2. In gain guided devices with narrow stripe width (say

Hence, the corresponding differential confinement factor ca&n:m), I' < 0.7 is usually found. In addition, the fundamental

be approximated by nonlinear relation between the optical gain and the injected
ar ar or carrier density in semiconductor lasers indicated that the
e = o — oo (9) a small change in carrier density affects absorption more
ON 0N, 0N strongly than gain [1]. This relation is shown schematically in

For pure gain guided waveguide with low loss and gain, tifg. 1. Therefore, with suitable laser parameters, it is possible

confinement factor can be expressed as [5] to achieve the inequality of (14) and gain guided devices
Bi/ko — G can exhibit higher relaxation oscillation frequency than index
[~ 7@ — 6 (10) guided lasers provided than the differential gain of the active

) ] ) ] .. and absorption regions and lateral confinement factor satisfy
where3; is the imaginary part of the propagation coeﬁ|0|enk.14)_

We have defined the complex dielectric permittivity, of

ey The numerical value of the differential confinement factor
region j as

of a gain guided Fabry-éPot semiconductor laser is also
ej = (nj+ iCj)Q (11) calculated for comparison. The laser model used in the analysis
) _is similar to that given in [4] and the corresponding parameters
wherei = /1, the subscripj standsj = 1 for the active sed in the following analysis are given in Table I. Fig. 2
region andy = 2 for the absorption region. Differentiate (10)shows the calculated differential confinement fa¢@ir /o N,

with respect toN, we get and T /&N,) againstN; — N, for device with stripe width
1 ( a8 _ 9B ) n [(1 - 1) s 1 BG ] equal to 3, 4, and mm. In this numerical analysis, the value of
O _ ko \9N: ~ 9N, ONa 9Nl (1p) OL/ONyis positive and that ofI'/9N; is negative. Using (9),

ON (1—C the differential confinement facté’ /0N is positive for these
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