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A monolithic integrated two-section distributed feedback (TS-DFB) semiconductor laser for high-speed direct modu-
lation is proposed and analyzed theoretically. The grating structure of the TS-DFB laser is designed by the reconstruction-
equivalent-chirp (REC) technique, which can reduce the manufacturing cost and difficulty, and achieve high wavelength
controlling accuracy. The detuned loading effect and the photon—photon resonance (PPR) effect are utilized to enhance the
modulation bandwidth of the TS-DFB laser, exceeding 37 GHz, while that of the conventional one-section DFB laser is
only 16 GHz. When the bit rate of the non-return-to-zero (NRZ) signal reaches 55 Gb/s, a clear eye diagram with large
opening can still be obtained. These results show that the proposed method can enhance the modulation bandwidth of DFB

laser significantly.

Keywords: directly modulated laser (DML), detuned loading effect, photon—photon resonance (PPR) effect,
reconstruction-equivalent-chirp (REC) technique

PACS: 42.55.—f, 42.55.Px

1. Introduction

Because of the explosive development of data commu-
nication services such as cloud computing, the data traffic
over networks and the demands for large network bandwidth
have been increasing rapidly. As the light sources of opti-
cal communication systems, high-speed modulated lasers are
crucial in solving these problems. Compared with externally
modulated lasers like electro-absorption modulator integrated
lasers,[!?! directly modulated lasers (DMLs) have the advan-
tages of cost-effectiveness, small size, low power consump-
tion, and high efficiency. Therefore, it is attractive to improve
the modulation bandwidth of DML.

In order to realize high-speed DML, it is essential to in-
crease the relaxation oscillation frequency of the laser. For this
purpose, AlGalnAs is usually used instead of InGaAsP in the
active region of the DML to obtain high differential gain.[!

(451 and shortening

Besides, by using buried heterostructure
the cavity length of the lasers(®! to reduce the volume of the
active region, the relaxation oscillation frequency can also be
enhanced. However, the buried heterostructure brings about
the problem of active region oxidation and increases the manu-
facturing cost. Moreover, in order to obtain an extremely short
cavity length, it is usually necessary to combine various com-
plex processes or structures. Through integrating a distributed
feedback (DFB) laser with a passive waveguide!”®! or passive

distributed reflectors,°! the length of the active region can be

fCorresponding author. E-mail: chenxf@nju.edu.cn
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reduced beyond the limit of the cleaving process. While the
necessary butt-joint regrowth process when fabricating these
structures increases fabrication cost and difficulty.

In addition to reducing the active region of the laser, other
modulation bandwidth enhancement methods can be used to
design high-speed DML. One of them is the detuned loading
effect,!'”) which is common in conventional distributed Bragg
reflector (DBR) lasers.[!"'>) When lasing occurs on the long
wavelength flank of the DBR mirror, the detuned loading ef-
fect can increase the resonance frequency of the laser.!!'3] The
photon—photon resonance (PPR) effect is also widely utilized
to improve the bandwidth of DML.!"4-16] The interaction be-
tween the main mode and an adjacent cavity mode can produce
a second resonance peak with a much higher frequency than
relaxation oscillation. In a passive feedback laser (PFL),!!4!
the DFB laser is integrated with a passive feedback section.
The PPR effect is generated by injecting current into the feed-
back section to optimize the phase. The above two effects can
coexist in both DBR laser!!”! and distributed reflector (DR)

18,191 Therefore, the combination of the two effects can

laser.!
further increase the modulation bandwidth. Similarly, the in-
tegration of the active section and the passive section increases
the difficulty and cost of chip manufacturing.

In this paper, we propose and demonstrate theoretically a
two-section DFB (TS-DFB) laser with sampled Bragg gratings

(SBGs). The TS-DFB laser consists of two sections: one plays

http://iopscience.iop.org/cpb http://cpb.iphy.ac.cn
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arole of a general DFB laser, and the other acts as a grating re-
flector. For simplicity, they are called section I and section II,
respectively. Both sections share the same active layer, so the
butt-joint regrowth is not required. In order to enhance the
modulation bandwidth of the laser, the grating period of the
two sections needs to be controlled accurately to achieve the
detuned loading effect and PPR effect. The SBGs in the TS-
DFB laser are used to realize the equivalent change of the pe-
riod of the seed grating by using the reconstruction-equivalent-
chirp (REC) technique.>*-??! Consequently, the cost of manu-
facturing can be greatly reduced. The simulation results show
that the direct modulation bandwidth of TS-DFB laser can be
improved by 21 GHz or more compared with the conventional
one-section DFB (OS-DFB) laser.

2. Principle and model
2.1. Principle of REC technique

In order to improve the characteristics of the DFB
lasers, various complicated grating structures (e.g. multiple
phase shifts gratings, corrugation-pitch-modulated gratings,
and asymmetric gratings) have been developed and used. Yet
high-precision control mechanism is indispensable to the fab-
rication of these sophisticated gratings. Through changing the
period or duty cycle of the SBGs, the REC technique can de-
sign equivalent subgratings with many complicated structures.
Besides, the fabrication of SBGs only needs the conventional
holographic exposure and photolithography technology with
micrometer-level control accuracy. The principle of the REC
technique will be briefly introduced below. 23241

Mathematically, the index modulation changes An(z) of
an SBG can be written as

An(z) = %s(z) exp (JZAM> +c.c, (1)

where, s(z) is a sampling function and A is the period of the
seed grating. Based on the Fourier series expansion, s(z) can
be expressed as

$(2) = ¥ Fuexp (j 2";“) : @)

where F, is the m-th order Fourier coefficient corresponding
to the m-th order channel of the SBG, and P is the sampling
period of the sampling function. So, equation (1) can be ex-
pressed as

1 . (2mz  2mmw
An(z) = ZQF’"GXP |:J (AZ + n; Z)} +c.c. 3)

It can be obtained from Eq. (3) that the SBG is actually a su-
perposition of many subgratings with different grating periods,

and every subgrating has a spectral response corresponding to

one of the multiple channels. These periods can be expressed
as

PA
P +mA’

“

Am

From Eq. (4), the channel spacing is determined by the sam-
pling period P. In actual design, the +1st or —1st subgrating
is used as the working resonator. An appropriate sampling pe-
riod P should be selected such that the +1st or —1st channel
falls within the gain spectrum of the semiconductor material,
while the others are located outside the gain region. As a re-
sult, the laser will lase at the wavelength within the +1st or
— Ist order channel of the SBG.

Now, +1st channel is taken as an example. Based on
Eq. (4), the period of seed grating A and the sampling period
P satisty

Zneff_P+A
A PA

&)

where neg is the effective refractive index, and A is the lasing
wavelength.

2.2. Model of the simulation

The time-domain traveling-wave model consists of the
time-dependent coupled-wave equations and the carrier rate
equation to simulate the lasing characteristics of the proposed
TS-DFB laser.[?>%] The electrical field in the waveguide can

be described as
B (x.3,50) = 0 (x3) |F (2.0) e P4 R(z.t) e B7] 1, (6)

where ¢ (x,y) is the model function in the waveguide, F (z,t)
and R(z,t) represent the forward wave and backward wave
propagating in the waveguide respectively, Sy is the propa-
gation constant at Bragg frequency, and @y is the reference
frequency corresponding to the Bragg wavelength Ag. The
fields F (z,¢) and R(z,t) satisfy the time-dependent coupled-
wave equations:

1 dF (z,t)  JF (z,t)
ve ot dz
= (G—16)F (z,t) +ikR(z,t) + sp (2,1), (7a)
1 dR(z,t) OJR(z,t)
ve Ot - 9z

= (G—i8)R(z,1) +iK'F (z,1) +sr (z,1).  (7b)

Here, v, is the group velocity. G and ¢ are the field gain and
the detuning factor respectively, and k is the coupling coef-
ficient between forward and backward waves. In this work,
we consider only index coupling. The sg(z,¢) and sr(z,t) are
the spontaneous emission noise coupled into the forward and
backward fields. The noise terms each have a Gaussian dis-
tribution and the phase of the noise is assumed to change ran-
domly.
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The carrier density N is described by the time-dependent
carrier rate equation as
dN J 2 3
— = — —AN(z,t)—BN(z,t)"—CN (z,t
& = od (z:1) (z:1) (z:1)
_ vggIn(N(z,1)/No) S
(1+&9) ’

®)

where J is the current injection density, e is the electron
charge, d is the thickness of the active layer, A is the linear
recombination coefficient, B is the bimolecular recombination
coefficient, C is the Auger recombination coefficient, g is the
gain coefficient, Ny is the transparency carrier density, € is the
gain compression factor, and S is the photon density which is
related to the magnitude of the propagating wave amplitudes
as

S(z1) = |F (2,0)* + R (z,0)|*. ©)
The field gain G in Egs. (7a) and (7b) is expressed as

_I'gln(N(z,t)/No)  «
T 2(14es) 27 (19)

G(z,t)

where I" is the confinement factor of the active layer, and o
is the waveguide loss caused by free electron scattering and
absorption.

The detuning factor § in Egs. (7a) and (7b) represents the
deviation from the Bragg condition due to the change of the
refractive index in the waveguide and can be defined as

T
6:%(neff0+An>—X7 (1)

where negro is the effective refractive index at transparency, An
is the change of the refractive index and can be written as

An = f%F(xﬂgln (N (z,1)/No), (12)

where oy is the linewidth enhancement factor.

If z = 0 at the facet on the left-hand side, the boundary
condition for the forward and backward propagating wave at
the facet satisfies

F(Ovt) = rleXp(j(pl)R(Ovt)a
R(L,t) =reexp(jo) F (L,t),

(13a)
(13b)

where ] and r; are the amplitude of the reflectivity at the facets
on the left- and the right-hand sides, respectively, ¢ and ¢, are
the phase at the facets on the left- and the right-hand sides, and
L is the laser cavity length.

In this work, we focus on the DFB lasers fabricated by
REC technology. Hence, the grating in the simulation is a
sampled grating. In the part without change of the refractive
index, we set the coupling coefficient ¥ = 0. According to
Eq. (5), it satisfies in our simulation that

27effo _bhtA

7o PA (14)

where P; is the sampling period of section I and can be cal-
culated from the Bragg wavelength Ay and the period of seed
grating A through Eq. (14).

For section II, only the sampling period instead of the pe-
riod of the seed grating Aneeds to be changed, thereby reduc-
ing the difficulty of fabrication.

3. Design principle and simulation results
3.1. Design of TS-DFB laser

The proposed structure of the TS-DFB laser is shown in
Fig. 1(a). It consists of two sections separated by electrical iso-
lation. Therefore, two regions can be independently injected
by different currents /; and I,. Section I works as a general
DFB laser, and the other serves as a detuned grating reflec-
tor. Moreover, the two sections share the same active layer,
so the butt-joint regrowth process is avoidable. The facet of
section I is high-reflection (HR) coated and the facet of sec-
tion II is anti-reflection (AR) coated. The light is output after
passing through the grating reflector. The reflectivity of the
HR coating is set to 0.92. Figure 1(b) shows the grating struc-
ture fabricated by the REC technique in the two sections. The
SBGs in the two sections have the identical coupling coeffi-
cient x and seed grating period A. The only difference is that
the gratings of the two sections have distinct sampling periods,
denoted as Py and P» respectively. In the simulation, the equiv-
alent normalized coupling coefficient of the SBGs is set to 1,
where the duty cycle of the sampled gratings is considered.
The duty cycle of the SBGs is 0.5. Other parameters used in
the simulation are given in Table 1.

Electrical

(a) ITl isolition ?
HRi L'_ ‘ AR
1
OO T T
DFB laser 1 Detuned grating reflector |Qutput
I
Section I I Section II
[
L 1 Lo
b Py A P,
(b) <> —>lj<—

| | |
! SBGs of section I l SBGs of section 11 l

Fig. 1. Schematic diagram of (a) proposed TS-DFB laser and (b) grating
structure of the TS-DFB laser.

In order to make better use of the detuned loading and
the PPR effects to enhance the modulation bandwidth of the
TS-DFB laser, the SBGs in the two sections need different
sampling periods, that is, detuning between the grating Bragg
wavelengths in the two sections is realized. Figure 2 shows the
reflection spectrum of the grating reflector and the round trip
phase of the laser, which are calculated by the transfer matrix
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method!?728) after the effective refractive index and gain dis-
tribution in the laser cavity have been obtained from the time-
domain traveling-wave model. The detuning of the gratings
can make the main mode fall on the long wavelength flank of
the reflection spectrum. Under modulation, the frequency up-
chirp of the TS-DFB laser shifts the main mode to the Bragg
peak of section II. The longitudinal confinement factor is in-
creased. As a result, the detuned loading effect can increase
the resonance frequency.!!!! Moreover, the side mode which
is close to the main mode can resonantly amplify the modula-
tion sidebands. Thus, PPR effect can further improve the 3-dB
bandwidth.

Table 1. Parameters used in simulations.

Parameter Symbol Value
Length of section I L, 400 pm
Length of section II Ly 500 pm
Thickness of the active layer d 48 nm
Width of the active layer w 2 um
Period of the seed grating A 252.03 nm
Sampling period of section I P 5 um
Sampling period of section IT P 4.968 pm
Duty cycle of the sampled grating Ry 0.5
Equivalent normalized coupling coefficient KL; 1
Effective refractive index at transparency Neffo 3.23
Group refractive index ng 3.6
Linear recombination coefficient A 1x10°s7!
Bimolecular recombination coefficient B 1x 10719 cm3.s7!
Auger recombination coefficient C 7.5%x 107 cm®-s~!
Spontaneous coupling factor B 2.5%x107°
Gain coefficient g 1100 cm™!
Waveguide loss o 10cm™!
Confinement factor r 0.1
Gain compression factor € 4% 1077 cm?
Linewidth enhancement factor oy 2
Transparency carrier density N 1x10'8 cm™3
Reflectivity of the AR coating RARr 0
Reflectivity of the HR coating Rur 0.92
100 1.5
—o— Reflection spectrum of section II
304 Round trip phase 10 Nk
g Eigenmode a.t shorter TD/
=z wavelength side ﬂ Main mode ®
> 60 N Z 05 £
. ; g D_‘
EE] =
g 40 3 0 i
3} J 3
= 1 i g
¢ =4
20 ¢ E\ —0.5 o
g s PPR mode
0 ﬁd{ = —1.0
1545 1547 1549 1551 1553 1555

Wavelength (nm)

Fig. 2. Reflection spectrum of detuned grating reflector and round trip
phase of the laser, with the positions of the modes in profiles represented
by circles.

3.2. Static characteristics of the TS-DFB laser

Figure 3(a) shows the longitudinal photon density distri-
bution of the TS-DFB laser when the injection current /; is
100 mA. Since the light of the TS-DFB laser is output from the
grating reflector side, the photon density will be reduced due
to the absorption loss and reflection, implying a lower output

power. The bias current I, can be added to the reflector section
to compensate for the loss and increase the output. Thus, the
photon density at the output facet of the TS-DFB laser will be-
come higher. The light—current characteristics of the TS-DFB
laser are shown in Fig. 3(b). It can be seen that the bias current
b, has a great influence on the light—current characteristics of
the TS-DFB laser. When I, increases, the threshold current
decreases and the slope efficiency increases. The threshold
currents of the TS-DFB laser are about 22 mA for I, = 0 mA
and 9 mA for I, = 10 mA, and correspondingly the slope effi-
ciencies are about 0.248 mW/mA and 0.277 mW/mA.

8

6 {4’4r"d‘\§\\ N
/N
/ A

(a)

Photon density (102! m—3)
=~

2_—12:0 mA \\
— — I,=10 mA
0 200 400 600 800
Position along cavity (pm)
30
—— I, =0 mA (b)
254— — I, =10 mA
- -,
E -
E 20 -
P
5 . /////
1 .
g 15 ’ e
2, L /
5 10 7
2 v /
=1 / Pl
o 5 7
-
-
0
0 25 50 75 100

Current (mA)

Fig. 3. (a) Calculated photon density distribution of TS-DFB laser with
injection current of 100 mA and (b) light—current characteristics of TS-
DFB laser for I, = 0 mA and 10 mA.

The spectrum of the TS-DFB laser is shown in Fig. 4,
which is calculated based on the model proposed in Ref. [29].
The side mode suppression ratio (SMSR) is 42 dB. Moreover,
it can be seen that there is a side mode at about 0.2 nm off
the main mode, which is named PPR mode. The PPR mode
can improve the modulation bandwidth effectively, which is
consistent with the laser design in Fig. 2.

g
~ 5 > Main ode
0
X
E -5
£ -15
&
'_E —25
¥ s ﬁK:rPPR,mode
& NN~
2]
g% \V/
3
g -
1545 1547 1549 1551 1553 1555

Wayvelength (nm)

Fig. 4. Lasing spectrum of TS-DFB laser, with injection current being
100 mA.
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3.3. Dynamic characteristics of TS-DFB laser

To calculate the small-signal modulation response of the
TS-DFB laser, a small sinusoidal current is added to the bias
current of section I. Figure 5 shows the response curves of the
TS-DFB laser with different detunings of the grating Bragg
wavelengths in the two sections. It is obvious that the detuning
between the SBGs in the two sections has a significant influ-
ence on the modulation bandwidth of the TS-DFB laser. The
larger detuning can make the main mode fall on the steeper
Bragg wavelength flank of section II, which can enhance the
detuned loading effect. Therefore, the resonance frequency is
improved. Moreover, it can generate and strengthen the PPR
mode, so that the PPR effect can better generate a resonance

frequency at high frequency.

’ |
~~ T
2 .
= "
? N Al
=} [,
15) y
2,
%) et
Q e
~ 6 Detuning: 0 nm T
TPl ---01nm 0.2 nm
0.3 nm —4— 0.4 nm
9 —=—0.5 nm 0.6 nm
0 10 20 30 40

Frequency (GHz)
Fig. 5. Response curves of TS-DFB laser with different detunings be-
tween SBGs in the two sections, with /; being 100 mA.

The small-signal response curves of the TS-DFB laser
with different values of injection current I, are shown in
Fig. 6(a). For comparison, the response of the conventional
OS-DFB laser with a cavity length of 400 pum is also given.
The 3-dB modulation bandwidth of the OS-DFB laser is only
about 16 GHz. However, for the TS-DFB laser, it can be seen
that the detuned loading effect enhances the resonance fre-
quency, and the PPR effect forms a second resonance peak on
the response curve. The modulation bandwidth increases from
34 GHz to 37 GHz when I, is tuned from O mA to 15 mA. The
increase of the reflection of the grating reflector enhances the
resonance strength of the PPR peak. When I, is 20 mA, the
mode hops from the long wavelength flank of the Bragg peak
to the short wavelength flank as shown in Fig. 6(b). This is be-
cause with the increase of I, the effective index of section II
decreases, and the reflection spectrum moves towards the short
wavelength. In this situation, the detuned loading effect is ab-
sent. The mode spacing is too large, so the PPR effect does
not work. Therefore, the modulation bandwidth is attenuated
to 15.5 GHz. Hence, a current large than 20 mA only makes
the effective refractive index smaller and cannot improve the

direct modulation bandwidth.

3
e
Ak N
m -
z
9 -3
g I‘.""‘"----.-“-ml*}
A, 6 -=---I,=0 mA AR
> _6
é ........ I,=5 mA
9 I, =10 mA
U —IL=15mA
—=— [, =20 mA
—12 T
0 10 20 30 40
Frequency (GHz)
100 1.5
—— Reflection spectrum of section II
R d tri I§ b —~
s0d ound trip phase (b) 10 T
—~ . Eigenmode at longer ~
éo/ Main mode wavelength side o
~ 60 % 05 &
h=t o)
=) R
g 40 3¢ 0 Be
: i 3
= : z
20 —0.5 2
g 4 gPPR mode
0 ‘Q& = —1.0
1545 1550 1555

Wavelength (nm)

Fig. 6. (a) Response curves of TS-DFB laser, with /; being 100 mA and
injection current /, having different values, and (b) reflection spectrum of
grating reflector and round trip phase of the laser, with I, being 20 mA.

9
6
2 3
9 TR s
2 0+ N -
o S o -
2, ~Lh
3 _3 NaiS
= Ly =300 um
6-’-__-L2:400 pum 77\
I IR Ly =500 ym N
9 Ly =600 ym ‘
0 5 10 15 20 25 30 35 40 45

Frequency (GHz)

Fig. 7. Response curves of TS-DFB laser with different lengths of sec-
tion II, with /; being 100 mA and I, being 10 mA.

The influence of the grating reflector length on the mod-
ulation response is illustrated in Fig. 7.

The separation between the main mode and the PPR mode
is determined by the cavity length of grating reflector. The
longer the grating reflector, the closer the PPR mode is to the
main mode, and the overlap between the two resonance peaks
becomes more and more. As shown in Fig. 7, when the cavity
length of section II is 600 pwm, the PPR mode is very close to
the main mode, and the second resonance is very strong. When
the length of section IT is 400 wm, the spacing of the PPR mode
from the main mode becomes larger, so the second resonance

peak is at a higher frequency. However, the resonance strength
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is weaker, due to the weaker feedback of the shorter grating re-
flector. When the length is further reduced, the PPR mode is
too far away and too weak to increase the modulation band-
width. Therefore, the length of the grating reflector should be
appropriately designed to maximize the enhancement of the
modulation bandwidth brought by the PPR effect.

In the above calculations, the random phase of the grating
at the HR facet was set to 0. However, in practice, the phase
randomness of the grating is uncontrollable. Therefore, facet
phase @ is changed to study its effect on the high-speed mod-
ulation characteristics. Figure 8(a) shows the response curves
of the TS-DFB laser when ¢ is varied from 0 to 0.87. It can
be seen that under certain phase conditions, mode hopping oc-
curs and the modulation bandwidth is attenuated. When ¢ is
0.67, the 3-dB bandwidth is only 21 GHz. In order to study the
effect of the random phase on mode hopping, the normalized
threshold gain margin between the eigenmode at the shorter
wavelength side and the lasing mode is calculated, and the re-
sults are shown in Fig. 8(b). It can be seen that when the ran-
dom phase is 0, the normalized threshold gain margin is less
than 0.25. Therefore, when the current of the reflection sec-
tion is too large, mode hopping occurs as shown in Fig. 6. The
normalized threshold gain margin is 0 when the random phase
is changed from 0.77 to 0.97, which means that the lasing oc-
curs at the eigenmode on the shorter wavelength side. Thus,

the small-signal modulation response deteriorates.
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Fig. 8. (a) Response curves of TS-DFB laser with different values of
facet phase ¢ with I; being 100 mA and I, being 15 mA. (b) Normal-
ized threshold gain margin between the main mode and the eigenmode
on the shorter wavelength side versus facet phase @.

Figure 9(a) shows the lasing spectrum when ¢ is 0.67. It
can be seen that the main mode lases within the stopband due
to the random phase of the grating. As a result, the spacing
between the main mode and the PPR mode becomes larger.
As can be seen from Fig. 9(b), the PPR frequency, in this
case, is about 65 GHz, which is about 55 GHz larger than the
first resonance peak. Because the two resonance peaks are too
far apart, the response curve is attenuated below 3 dB before
reaching the second resonance peak. Therefore, the PPR effect
cannot improve the modulation bandwidth effectively. By in-
creasing the current I, the loss of the grating reflector section
is compensated for and the reflectivity is increased. Then the
resonance strength of the PPR peak is enhanced, which coun-
teracts the roll-off of the response. Consequently, the modu-
lation bandwidth can reach around 73 GHz. Obviously, there
are two PPR peaks in the response curves. The reason is that
the multi-mode rate equation is used in the simulation, another

resonance peak is caused by another side mode.
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Fig. 9. (a) Lasing spectrum of TS-DFB laser, with ¢ being 0.67. (b)
Response curves of TS-DFB laser with /; having different values, I
being 100 mA, and ¢ being 0.67.

In order to better demonstrate the high-speed characteris-
tics of the TS-DFB laser, the eye diagrams under direct mod-
ulation are calculated and compared. Figure 10 shows the eye
diagrams of the TS-DFB laser and the OS-DFB laser under 25-
Gb/s, 40-Gb/s, and 55-Gb/s direct modulations. The lasers are
biased at 100 mA and the modulation amplitude is 20 mA. The
optimal bandwidth condition of the TS-DFB laser is selected,
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and the random phase of the grating is 0. It can be seen that
the eye diagrams of the TS-DFB lasers have larger opening
extent than those of the OS-DFB laser. Under 25-Gb/s direct
modulation, the clear eye-openings of two kinds of DFB lasers
can be obtained owing to the enough modulation bandwidths.

Obviously, the OS-DFB laser cannot meet the higher modu-
lation rates. In contrast, the TS-DFB laser can achieve clear
eye-openings and large mask margins under all three modula-
tion rates. These results are consistent with the calculations of
their modulation bandwidth in Fig. 6.
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Fig. 10. Eye diagrams under direct modulation at 25 Gb/s, 40 Gb/s, and 55 Gb/s by (a) conventional OS-DFB laser and (b) TS-DFB laser.

4. Conclusions

A directly modulated two-section DFB laser with sam-
pled gratings is proposed and investigated theoretically. Since
the two sections share the same active layer and the gratings
are fabricated by the REC technique, the difficulty in manu-
facturing the lasers is greatly reduced. High-speed DML is
realized by exploiting the detuned loading, and PPR effects.
Compared with the OS-DFB laser, the TS-DFB laser has large
direct modulation bandwidth. Therefore, the proposed laser
can be used as a light source for high-speed optical communi-

cation systems.
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