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Dynamic Behavior of Double-Tapered-Waveguide
Distributed Feedback Lasers

S. F. Yu

Abstract—Dynamic behavior of a double-tapered-waveguide connection with the relaxation oscillation frequency of the
(DTWG) distributed feedback (DFB) semiconductor laser is an- devices and this forms the objective of this paper. In Section
alyzed theoretically. It is found that the relaxation oscillation ;4 self-consistent model including the combined longitudinal
frequency can be enhanced by the DTWG structure especially . - S .
for DFB lasers with large coupling-length product. and lateral SHB effe_cts as WE_:II as carrier diffusion is utilized

to study the dynamic behavior of DTWG-DFB lasers. The
spatial filtering effects of the tapered waveguide sections are
also taken into account by using the effective index method [7].
Using the steady-state approximation, relaxation oscillation
|. INTRODUCTION frequency of DTWG-DFB lasers is derived analytically. In

ECENTLY, double-tapered-waveguide (DTWG) dis_Section lll, the influence of double-tapered geometry on the

tributed feedback (DFB) semiconductor lasers Witﬂqodulation .response qf D_FB_Iase.rs is st.udied numerically.
buried heterostructure (BH) is proposed: 1) to reduce thaally, & brief conclusion is given in Section IV.
influence of longitudinal spatial hole burning (SHB); 2) to
maintain single-mode operation; 3) to minimize power density Il. NUMERICAL AND ANALYTICAL
at face_ts; and fl) to reduce _threshold current _densny [1], [2]. ANALYSIS OF DTWG-DFB LASERS
Extensive studies have verified that stable single-mode and
high-power operation can be achieved in DTWG-DFB lasers .
with large coupling-length produ¢iL > 2.0) [2]. However, A. Numerical Model of DTWG-DFB Lasers
the relative important characteristics of DTWG-DFB lasers, The propagation of forward and reverse field§z,t) and
the dynamic response under direct electrical modulation, h&$éz, t), along the laser cavity with tapered waveguide can be
not been considered in their investigation. described by the modified coupled wave equations as follows:
In the rate-equation analysis, it has been shown that the
square of relaxatioq oscillation frequency is directly propor- <i2 + 9 ) {F} _ [}(ng(&t) —a) —i—iéﬁ(z,t)}
tional to the magnitude of lateral confinement factor [3]. \vy 0t — 9z /) | R 2
Furthermore, the damping rate and relaxation oscillation period . R
can be reduced significantly by the combined longitudinal and X {R} +ir(2) {F} (1)
lateral effects especially for devices with strong lateral optical
confinement and large coupling-length prodg&f > 2.0) wherew, is the group velocity]', is the transverse confine-
[4]. This is due to the induced gain compression [5] and thaent factor, ands is the longitudinal coupling coefficient,
nonuniform distribution of refractive index profile [6]. There-s the absorption and scattering loss in the waveguide and is
fore, it is expected that the relaxation oscillation frequencyssumed uniformly distributed along the lateral directipis
of DTWG-DFB lasers exhibits differently to the uniformthe field gain given by
waveguide DFB lasers. This is because: 1) the longitudinal
distribution of lateral confinement factor as well as 2) the (1) :/ an(N(y, 2, t) — N)2w) dy  (2)
combined longitudinal and lateral SHB effects are dependent ’ active o o/re
on the waveguide dimension (i.e., length and width of the
tapered and phase-adjustment region) of DTWG-DFB lasefghereN is the carrier concentration distribution in the lateral
The above paragraph has explained that: 1) the longitudir@éld longitudinal directionsyy is the differential gain, ang,
variation of lateral confinement factor; 2) the lateral SHB arig the lateral field distribution. The deviation from the Bragg
carrier diffusion; and 3) the longitudinal SHB and refractivéondition 63 is given as
index distribution can have influence on the dynamic response
of the DTWG-DFB lasers. However, in order to improve the 8B(z,t) = 2_7rneﬂ(z,t) _r (3)
dynamic behavior of the lasers, it is necessary to clarify their Ao A

Index Terms— Distributed feedback lasers, double-tapered
waveguide, modeling, semiconductor lasers.
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The time-dependent rate equation of carrier concentratiohl',, «, 643, £;, and ¢, are dependent on the stripe width

is given by of the waveguide and can be evaluated by the effective index
method [7]. Detailed calculation of these parameters can be
dN(y7 Z? t) _ J(y7 Z? t) _ N(y7 Z7t) —v.a found In[A:\l d p
= gOAN ppendix A.
dt qd T
N(y, z,t) — N,)P(y, z,t . _
x( (y2, #1) Py, 21) B. Relaxation Oscillation Frequency of DTWG-DFB
PNy, 2 1)

+ Dy (4) Lasers: Analytical Analysis

2
% It is believed that the lateral and longitudinal effects (in-
where J is the injection current density profile] is the cluding waveguide structure and SHB profile) will have effect
thickness of the active layel) is the diffusion constant; is  on the relaxation oscillation frequency of DTWG-DFB lasers.
the carrier lifetime, and; is the electron charge. The photonn order to investigate the influence of lateral and longitudi-

density distributionP is given as nal effects, the analytical expression of relaxation oscillation
frequency is derived from the time-dependent rate equations
Py, z,t) = [|F(21))? 2, t)|*] 2 ; . .
(71 = (7’t)|2 + 1Rz D] 95 ) of photon density and carrier concentration. Therefore, the
= Pz, )95 (y). (5)  requirement for the enhancement of relaxation oscillation

To simplify our calculation, the inhomogeneous carrier distrf_requency'of PTWG'DFB lasers can be clarified. .
The derivation is started from the coupled wave equations.

bution in the lateral direction is expanded in a Fourier seri A ¢ i f photon densit be deduced b
The first-order approximation of carrier distribution is the € rate equation ot photon densily can be deduced Dy
: multiplying (1) with its complex conjugate of the forward and

given by [9] . i : X
reverse propagation fields and adding the two equations and
N(y,z,t) = Np(z,t) — Ni(z,t) cos(2ry/w) (6) their conjugates to obtain

where w is the width of the waveguidey, is the average or
carrier distribution in the longitudinal direction, aid, is the at
perturbation of carrier concentration in the lateral direction. 5 5 5 5
Substituting (6) into (2) and (4), witl/ assumed constantWhegeP o [F° + R, ap = as + OF + |B|7/0z2)/
across the active layer and integrating (2) and (4) over thed’| +_|E| ) and G p(Np) = vgan (Np — No). ,
active layer, including the gain compression coefficignive Rewriting (7b) and (7c) in terms d,(Np), we obtain

(Le(TyGp(Np) —vgan&1N1) —vgap)P (9)

obtain the modified field gain expression given as dN, J N,
=P " _ P T . Gp(Np)—v,ané NP 10
(o) = an{Ty(2)(Np(z,t) = N,) = £1(2) N1 (2, 1)} 72) dt —qd T {LyGpr(Np) —vgan&i N1} (10)
9= (1+eP(z,1) N ore oV Nyp-PN @
- = {&LGp(Np) —vgan&eN PP — — M. (11)

and the rate equations of carrier densities given as
In the derivation of (9)—(11), gain compression has been
ANy (2,1) = I(z:1) _ Npl(z?) ignored. In (11), if the frequency of the modulation signal

is less than the effective electron lifetime/(1 + ), it is
_ Vgan ALy (2)(Np(2, ) = No) =& (2) N1 (2, 1)} possible to obtain an approximate solutionXg by setting
(1+eP(z,1)) the derivative to zero [9]. We have
X P(z,t) (7b)
ANi(2,t)  2vgan{&1(2)(Np(z,8) = N,)—€2(2) N1(2, 1)} Ni(z,t) = 76 Gp(Np)P/(1 +e2P)
- (1+eP(z,1)) ~ T8 Gp(Np)(1 — e P)P (12)
1+
x Pz,t)———Ni(z,) (7€) wherer’ = 27/(14~) ande; = 7/van&,. The rate equations

an be simplified by substituting (12) into (9) and (10). We
wherel', is the confinement factor in the lateral direction anﬁave P y 9 (12) ®) (10)

& and&; are the first- and second-order coupling parameters

of the carriers and the optical field,. Their definitions are or — (DTGNS 1 = (2/T\P
given in Appendix A. The parameter is given by ot (L Gp(NP) (1 = (1/T)
+ (elea/Ty) P?) — P 13a
v = 4r2rD; Ju?. 8) (eTe2/Ty) P?) = vgar) (132)
: : . . %:i—&—r Gp(Np)(1 - (e1/T,) P
A self-consistent large-signal calculation can be obtained by dt qd T v Y
solving (1) and (7) simultaneously. + (5§52/ry)P2)p (13b)

It must be noted that the round-trip conditions of DTWG-
DFB lasers are affected by their waveguide dimension. Thitheree? = /v ané?. e; ande, can be considered to be
is because the longitudinal propagation constant is changhd effective gain compression factors arisen from the lateral
according to the stripe width of waveguide, such that theffects.
deviation in propagation constant from Bragg constant is alsoWe separate the dynamic average photon density and carrier
dependent on the waveguide dimension. Therefore, the valgescentration by writing the local photon density and carrier
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concentration as 2) It is assumed that; is uniform along the active and
_ blocking regions such that its magnitude will not be
P(z,t) = P()(1 + f(2)) (143) affected by the laser structure.
Np(z,t) = Np(t) + 6N(t) f(2) (14b)  3) A positive value off"r,, with maximum magnitude can

be obtained if the longitudinal distribution df, and
the functionf(z) are matched. It must be noted that the
longitudinal profile of[', is mainly determined by the
L waveguide design; however, the longitudinal distribution
/ f(z)dz=0 (15) of f(z) is affected by the waveguide design as well as
0 the kL of the lasers. In order to maximize the value
where L is the cavity length. Substituting (14) into (13) and  of I';,,, the profile of f(z) should be selected to match
ignoring the effective gain compression factor in (13), as the  with T,

gain saturation parametesrs ande; due to the lateral effects  4) In order to maximize the overlapping integral.,,
have less influence on the damping rate of lasers, we obtain it is required to study the relation betweeh |2 —

whereéN < Np, f(z) being a function that is smaller than
unity and for which

dP ~ |R|?/02(=q(z)) and f(z). It is expected that the lon-
e (T2(Ty1Gr(Np) + TyovgandN) — vga),) P (16) gitudinal distribution functiong(z) is affected by the
AN J N B waveguide design as well as thkd. of the lasers. On
d—tp b ie TP - 'y1Gp(Np) + yovgan6N)P. (16b) the other hand, for devices with symmetric waveguide

structure, it can be shown that the functigfz) has

6N can be approximated by steady-state consideration [5] and a symmetric distribution profile and its shape is close
is given by to the longitudinal distribution of carrier concentration.
Let's consider the laser with symmetric waveguide struc-

N = —rvganly2P/n(l +xsP) 17 ture such that we can write
whereys = Tvganlya/n, Ly1 (=T +1'1p), I'y2, andl'y3 are |F(2)] + |R(z)? = |F(z)? + |F(L-2)]* (19a)
defined as first-, second-, and third-order lateral confinement ) ) _
factors,a/,(=a,+ar,) is the equivalent cavity loss, ands a and letd|F(z)|*/0z = |G(z)|". Then the functiony(z)
normalizing factor. Their definitions are given in Appendix B. can be rewritten as
Using small-signal analysis technique, the relaxation oscil- q(z) = | F(2)]? = |R(2)|? /0=

lation frequencyw; of the DTWG-DFB lasers can be deduced

_ 2 A2
and is given by =0 (2)]" - [F(L - 2)|7/9~

L ] - = G(2) +1G(z ~ D). (19b)
= Ty P 142 — Fy-3 P, N . .

“i Uga]\ ut _Oaf’( (s = xa)Fo = 3xaxaly) Hence, the longitudinal profile of;(z) is inversely
= vganly1Poay, (18) proportional to the longitudinal distribution of photon

density (as well ag'(z)) due to the partial differentia-
tion terms. Therefore, the overlapping integral cof,
may give a negative value and is minimized for high
xL devices because highl devices accumulate more
photon energy inside the cavity than lowi. devices
(i.e., severe longitudinal SHB for highL devices).

5) It has been shown that higtl. devices have relatively
high w. This is because the total energy stored inside
the laser cavity, which is proportional g, is high

where P, is the steady-state photon density apd= x3 +
TvganT2,/Ty1n. The influence of gain saturation due to
longitudinal SHB of carrier concentration (i.exs and y4)

is ignored in (18).

In the derivation of (18), the influence of gain compression
due to combined lateral and longitudinal effects has been
ignored and this assumption will be verified in the following
numerical analysis. On the other hand, the simplified expres-
sion ofw; shows some important insights into how the tapered . .
waveguiée structure influences the relaxation oscillation fre- for high xL dewce; [4]. Therefpre, we expeat; of
quency of DTWG-DFB lasers. As we can see, the first-order DTWG-DFB lasers .|nF:reases withL. . )
lateral confinement factdt,; is defined as the sum &%, (i.e.,  From the above prediction on the dynamic behavior of
average value of’,) andI'z, (i.e., the overlapping integral DTWG-_DFB _Iasers, it is shown that; in general increases
of f(z) andI,). The equivalent cavity Ios&; is equal to with stripe width an_dﬁL; however, the variation of r, gnd
the sum ofa, (i.e., cavity loss) andvz,, (i.e., the overlapping @zp May work against the change af;. In the following
integral ofa,,(z) and f(z)) (see Appendix B). These indicatenumerical ana]ys_s, we study the mfluence_ of stripe W|dth and
that the termd’,, I'z,, a,, andaz, should be optimized in xL on the variation ofv; and the overlapping integrals (i.e.,

order to enhance the value of;. I'r, and ay,) separately.
The possibilities to maximize the value ©f are discussed
as follows. IIl. SIMULATION RESULTS

1) Inorder to maximize the value f,, a wide stripe-width
design should be adopted provided that the suppressﬁ)n
of high-order lateral modes can be maintained by the The waveguide structure and the material composition of
diffraction effects of the DTWG structure. the lasers used in this paper are similar to that given in [2].

DTWG-DFB Lasers: Structure and Material Composition
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Phase adjustment
Region

n-InGaP buffer layer
0.28m(3.40)

rGads substrate (3.20)

blocking layer
InGaP (3.44)

Fig. 1. Schematic of a buried structure DFB laser with double-tapered-waveguide structure.

TABLE | 12
Device PARAMETERS USED IN THE MODEL L 05t 1
Q
Parameters (symbol) Magnitude g 1°
Carrier lifetime (t) 3x107%s §04r _
Differential gain (a,) 3x10™°cm? g 18 g
Transparency carrier density(N_) 1.5x10%cm™ ?g" 03 £
Linewidth enhancement factor (a,,) 3.0 g 16
Absorption and scattering loss (o) 40cm™' To2t -E‘
Effective group refractive index (n,) 3.70 b 14 @
Thickness of the active layer (d) 0.2pm g o1k
Approximate emission wavelength (1) 0.98pm a7 —42
Transverse optical confinement factor (I',) 0.35
Period of grating (A) 0.145um 00_5 0
Group velocity (v,) 8x10°cm/s Confinement factor
magnitude of Left facet reflectivity (|r,|) 0 . . . . .
magnitude of Right facet reflectivity (r) 0 Fig. 2. The variation of stripe width, first-ordeli and second-orde¢:
coupling parameters with the lateral confinement faétpr

It is assumed that the waveguide geometry has a doublienited values (.e.l', — 1.00,& — 0.50,& — 0.50). In
tapered structure with a phase-adjustment region (PAR) DTWG-DFB lasers, these parameters are varied along the laser
between (see Fig. 1). The laser is composed of five layetaveguide. Fig. 2 shows the general plottpfand¢, against
of semiconductor materials: the*gGaAs cladding layer, p- I, for a strong index-guided waveguide. The corresponding
InGaP guiding layer, the InGaAs—-GaAs (0.2&) quantum variation of stripe width witd", is also shown in the diagram.
well's active region, the n-InGaP buffer layer and-GaAs As we can see for the stripe width larger than or equal fond
substrate. The BH is used to provide strong optical and electfre magnitude ofl'y, &, and & approach their limited
cal confinement along the lateral direction. Device parameteigues. In the following paragraphs, the influencel'gf ¢,
used in the model can be found in Table I. and & (due to the longitudinal variation of stripe width)
In the following sections, it is assumed that the lasers haw@ the dynamic behavior of DTWG-DFB lasers is analyzed
symmetric waveguide geometry with both facets antireflectionumerically.
coated. The width of the PARY,, and the tapered waveguide Fig. 3 shows the variation af2 as a function ofi¥, for
near facets¥. varies from 1 to 2um and from 2 to 6um, devices withD; = 5 cns~! andx, =30, 50, and 80 cmt.
respectively. The corresponding length of the tapered sectigg we can seey? increases witliV, and is high for the device
L. is equal to 135:m and that of PARL,, is equal to 110 with W, = 2 ym andx, = 80 cnt!. The influence ofi¥,
pm such that single-mode operation can be maintained. Fg¥ the transient response of the output power for device with
the reason of comparison, the steady-state photon densityw%t: 2 um, Dy = 5 cnPs~! and, = 50 cnT? is shown in

the facets is set to be around>210'* cm—2. Fig. 4. The damping rate for devices with, = 2 and 5xm

exhibit similar magnitude such that our assumption used in the
B. Relaxation Oscillation Frequency of DTWG-DFB derivation of (16) (i.e., ignorance of gain compression due to
Lasers: Numerical Analysis lateral effects) is satisfied.

In the numerical analysis of BH-DFB lasers given in [4], it The influence oD, onw? of DTWG-DFB lasers withs, =
is shown that the magnitude of; is affected by the magnitude 50 cnm* is shown in Fig. 5. As we can see)% increases with
of I'y, &, and&,, especially forl",, £, and{, approach their Dy from 0to 5 cnf-s~* and is saturated fab; > 5 cné.s™t.
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Fig. 3. The variation oiu?- with W for lasers withD; = 5 cnP-s™',
Wy, = 1 and 2um, x, = 30 cnT ! (dotted line),x, = 50 cnT ! (solid line)

andx, = 80 cnT! (dashed line).

x10
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(GHz)?

2
f

®

300

250

200

Df (cm’s™)

Fig. 5. The variation ofs? with D for lasers withx, = 50 cnT !, W, =
1 and 2um, W, = 3 um (dotted line),W. = 4 um (solid line), andiV, =

5 pm (dashed line).

16 x10
- 1.6
~ 14 ——— We=2pm i R
"PE 14 | P Df=5(:mzsI
o ~————— We=5um
= 121 i —_ D= tanfs'
z L e 12}
E Q9
5 1Ir S I
] %‘ 1+
g 08 |- g i
= | < 08 |-
. c
s o6} g :
g s £ o6}
[
C 04} B
- =3 04
=
02| o
L 02 |-
0 !
0 0

Fig. 4.
We =

cm~! and W, = 2 um.

The magnitude otu)% remains unchanged for further increase
of Dy to 50 cn.s~t. The influence ofD; on the transient
response of the output power for devices witf), = 2 um,
W. =5cn?.s ! andk, = 50 cnT! is also shown in Fig. 6.
As we can see, the lateral carrier diffusion has less influence
on the damping rate of the devices.

Time (ns)

Time (ns)

Transient response of the output photon density for devices with

2 and 5um. The other parameters afé; = 5 cnt's™'. ko = 50 Fig 6. Transient response of the output optical photon density for devices
with Dy = 1 and 5 crd-s™ 1. The other parameters af®. = 5 um, x, =
50 cnt !, and W, = 2 um.

4) wy increases withs,; however,x, has less influence on

the damping rate of the lasers. This indicates that the
induced gain compression due to longitudinal SHB has
less contribution on the dynamic behavior of the devices.

The numerical results show that, increases with stripe

The dynamic behavior of DTWG-DFB lasers can be surif¥idth (i.e., W, and W}) and xL, which partly verifies our

marized as follows.

1)

2)

3)

analytical prediction on the dynamic behavior of DTWG-DFB
lasers. Now, we further investigate the relation between the

wy increases withiV. and W,,. This is because the overlapping integrals (i.e.l'r, and az;,) and the devices’

increase ofi. and W, increases the value df,, ¢, arameters (i.elV., W,, and xL)
CklVe, P '

:imdgg (i.e., this is equivalent to increasing the value o[? It is assumed in this study that devices hag = 2 m and

Ly). _ _ - D; =5 cm?.s7L. As shown in Fig. 7', exhibits a “U” shape

wy Is saturated at a high magnitude i > 5 CM'S™  ith minimum at the PAR and maximum near the facéts.

and this characteristic is different to uniform-stripe BHapproaches its limited value (i.eC, ~ 1.00 near the facets
Ly ~ .

DFB lasers [4]. region) asW, approaches 4m. The functionf(z) defined

We, W, and Dy have less influence on the damping ratg, (14) can be obtained from the longitudinal distribution of
of DTWG-DFB lasers and this implies that the inducegptical density

gain compression due to lateral effects can be ignored

in our analysis. f(z) = (|F(2)]* +|R(z)]?) / Po — 1. (20)
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1 0.02
‘We=6um
Wp=2um Z | .
0.98 Df=Scm?s” l«“:l xo=30cm”
. o] pm
5 o 30em 0.015
Q
& 3um
€
£ 096
g ) 0.01
o
£ =
S 0.94
g
] 0.005 |- - 2 -1
3 0o Df=5c¢m’s
Wp=2um
2um
We=5um
L i | J i 1 L
0.9 0
0 95 190 285 380 0 95 190 285 380
Cavity length (um) We (um)

Fig. 7. The variation longitudinal distribution of lateral confinement factoFig. 9. The longitudinal variation aof(z) with .. The other parameters are
T, with W.. The other parameters af®; = 5 cn?-s~', x, =50 cnr!, Dy =5cnP-s™', W, = 5 um, andW, = 2 um.
and W, = 2 um.
the profile of',. Therefore, it is expected that the value of
I'z, can be enhanced for, < 30 cnT! due to matching of
the longitudinal profile off(z) andI'y(z). The longitudinal
distribution ofg(z) for W, = 5 pm is also shown in Fig. 9. It
is shown that the longitudinal distribution gfz) is inversely
proportional to the profile of (). The corresponding variation
of I'z, andayg, with W, is shown in Fig. 10. As we expected,
the value ofl';, and oz, decreases with the increase 0%,
for devices withx, > 50 cnTt. This is because: 1) the “U”
shape profile ofl’, is mismatched with thef(z) which is
convex upwards near the PAR and hence the valug;gfis
reduced; 2)f(z) is more convex upwards with the increase
of W, andk, such that the value ok, is reduced. We can
0 %5 T 10 285 3s0 conclude thaf;, and«y, are reduced with the increase of
Cavity length (um) W, andk, due to the longitudinal SHB which may reduce the
@ value ofw;. However, from our numerical study awy, it is
shown that; increases withV, and«, which indicates that
G the effects ofl'z, and ar;, have been overcome Hy, and
fpm total energy stored inside the laser cavity.

0.8

0.6

0.4

f(z)

02

IV. CONCLUSION

05 - The influence of a DTWG structure ey, of DFB lasers is
clarified. By using the first-order approximation on the com-
bined lateral and longitudinal distribution of carrier concen-
0 A4 tration, thew; of DTWG-DFB lasers is deduced analytically.
\/ \/ It is illustrated from (18) that the longitudinal SHB reduces
J Wp=2um \_/ wy through the termd’z, and ar,. ['z, is arisen from the
DTWG structure andxz, is an inherent property of DFB
lasers. Howevery is an increasing function of stripe width
0 95 T o0 235 380 because the influence of SHB is overcomelly In addition,
Cavity length (um) wy is increased withxL as well as the total energy stored
®) inside the laser cavity. Hence, the value.gfcan be enhanced
for devices with wide stripe width and highL.
Fig. 8. The variation off (<) with W' for devices with (a)s, ;239 lcm“ Our analytical analysis ony is also verified by our nu-
f}n}d S)golmj_ 80 cnt". The other parameters ai@; = 5 en-s™" and  arical results. It is found that the combined longitudinal and
lateral effects have less influence on the damping rate of the
Fig. 8 plots the longitudinal distribution of (z) for devices lasers. Hence, the ignorance of the effective gain compression
with %, = 30 and 80 cm! for a range ofiW.. As we can factors due to the combined longitudinal and lateral effects in
see, the profile off(z) is close tol', for a device with the derivation ofw; in Section II-B is satisfied.
k, = 30 cnT! but is convex upwards near the PAR for a In the design of DTWG-DFB lasers, a wide tapered re-
device withx, > 50 cnT! which is totally mismatched with gion and highxL are required to enhance; provided that

f(z)

-0.5 Ko=80crit
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82
0.003 55+ (% = 0%) |$o =0 (A2)
Ko=30cam ! 9y
0 where 3. is the effective propagation coefficient in lateral
direction andg is a propagation constant to be determined.
¢, and 1y, are the fundamental transverse and lateral field
-0.005 - xa=S0em’! distributions, respectively:; is the effective permittivity and
. is given by [8]
-0.01 |- er(y, z,t)
2 anl)\o
Wp=2um e = ”a(y) - na(y)rx 2 CLN(N(y, th) - Nth)
0015} | Desents™ o=80em d
Aoma(y)
+ LTFJ?[GN(N(yvzvt) - No) - as] (A3)
002 ——— 5 p s s Wheren, is the built-in refractive index of the waveguide,,
We (um) is the material linewidth enhancement factor, awg, is the
@ threshold carrier concentration.
The effective refractive index.g given in (3) is defined
0 as [7]
ko=30cm™!
Neff — ﬁeﬂ/k'o (A4)
Kko=50cm™
-0.5 | wherek, = 27 /),. The transverse confinement facioy is
expressed as
L- [ #d (AS5)
active
layer
ot and the lateral confinement factby, is given by
Df=5cni’s ! 0
r,= [ vy (A6)
0
_2 . | i 1 n 1 L i ! . . . i i .
2 2.5 3 35 4 45 5 wherew is the width of waveguide. The longitudinal coupling
We (um) coefficient s is given by
® _ L k2A_op21p? dx dy = kI A7
Fig. 10. The variation of (a) the overlapping integdd}, and (b) the = 280 Jo oA=2fot; dvdy oLy (A7)
overlapping integrak;,,, for devices withx, = 30-80 cnT! and W, = grating
2-5 pm. layer

where A_ is the Fourier coefficient of the dielectric grating,
)% is the propagation constant at Bragg frequency, ands

e coupling coefficient of PAR.

The first- and second-order coupling parameters are given

single-lateral-mode operation can still be maintained by t
diffraction effects of the DTWG structure. Therefore, th
DTWG structure gives a simple solution to maintain high
wy and stable lateral mode operation, and this is the majgr
advantage over the uniform stripe devices. This is because th

order to enhancer; in uniform stripe BH-DFB lasers, it may w/2 9
require increasing the stripe width (i.&., changes from0.7 1= /_w/2 cos(2my/w)ipo (y) dy (A8)
to ~1.0) which will also excite high-order lateral modes. w2
The dynamic behavior of DTWG-DFB lasers is analyzed & :/ cos?(2my /w2 (y) dy. (A9)
theoretically. It is shown that the modulation bandwidth DFB —w/2
lasers, especially for large:L, can be enhanced with a
APPENDIX B

DTWG structure. Apart from stable-single-mode and high
power characteristics, DTWG-DFB lasers also have signifi- The first-, second-, and third-order lateral confinement factor
cant improvement in modulation speed over the conventiora);, I'y», andI'ys are given by

uniform stripe devices.

1 [F _
APPENDIX A Ty = f/o Iy(2)(1+ f(2))dz =Ty + ', (BL)
We assumed the field profiles in the transvefs¢ and _ 1 ~
lateral () directions satisfy [7] Lyp=7 A Ly(2)f(2)(1 + f(2)) d= (B2)
o2 1

L
oy ek = B | 6, =0 (A Lo=1 | TEPEO+ ) (83)
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wherel’, = %fOLF (2) d7 is the average value of df,(z)
andl'z, = %fOL I'y(2)f(z)dz is the overlapping integral of

I'y(z) and f(z).

The equivalent cavity los&, is given by

1 L
o = f/o ap(2)(1+ f(2)) dz = @y + arp

where oz, is given by
1 rL 1
= — - F2 2 . .
L/o |F|2+|R|2< [F° = R )f(?“)dy
TBRLJ), Arf)\oz" T 2Vdz. (B
PoL/o <1+f<z>><az'F| | )f<7>d7 (85)

The normalization factor; is equal to

L
= %/0 f(z)dz
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