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Abstract: A 1.55ym InGaAsP-InP three-section DFB laser with hybrid grating is fabricated and self-pulsations (SP) with
frequencies around 20GHz are observed. The mechanism of SP generation in this device is researched. Furthermore, the

important role of the phase tuning section on the SP is investigated.
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1 Introduction

Self-pulsation (SP) DFB lasers are now widely
researched for the next generation of millimeter-wave
carriers over fiber and can also be used in a WDM
configuration for wireless networks operating at
40GHZ''. In addition, SP DFB lasers have many
promising applications in future optical networks, es-

231 "which is a

pecially for all-optical clock recovery
key function in all-optical 3R regeneration.

SP DFB laser diodes with multiple DFB regions
were fabricated for this purpose. Generally,such mul-
tisection DFB lasers are divided into two-section la-

151 and three section lasers® "

sers .In the latter type,
the introduction of a passive phase tuning section re-
duces the modal overlap leading to greater modal in-
dependency and. hence, a larger tuning range™ . Dif-
ferent SP mechanisms have been proposed, including
spatial hole burning (SHB)'*''"', dispersive self-Q-
switching (DQS)'*/, and beating type (BT) oscilla-
997/ As is shown in earlier reports, the detuning of
lasing wavelength between laser sections of a multi-
section SP DFB laser plays an important role in the

generation of SP''''. Methods have been reported to

tion

realize static wavelength detuning, including varying
the grating period''"’, introducing a phase-shift into
one DFB section'"”! ,and varying the ridge widths"'*'.

In this paper,we fabricate three-section DFB de-
vices with a combination of one DFB section with in-

dex-coupled grating and one with gain-coupled grat-
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ing, and a phase tuning section between these two
DFB sections. The variation of grating type in the two
DFB sections and,hence,the variation in effective re-
fractive index induces the detuning of the lasing
wavelength in this new way. This method is relatively
simple compared with the methods mentioned above.
On the other hand,in order to retain high device reli-
ability and integrity, the phase tuning section that is
designed as a transparent passive waveguide is fabri-
cated using quantum-well intermixing (QWI) instead
of the traditional butt-joint growth procedure. As far
as we know,this is the first report to use this method
in SP lasers.

2 Device fabrication

The device is schematically shown in Fig. 1. It
consists of two 325nm long DFB sections and a 200nm

[
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Fig.1 Schematic of device structure
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long phase tuning section between them, in which
DFB section 1 is partially gain-coupled,and DFB sec-
tion 2 is pure index-coupled, but both sections have
the same grating parameters. For the phase tuning
section, the traditional butt-joint growth procedure
was adopted,that is,removing its active layer and the

p-side waveguide''"

;and then another epitaxy. In or-
der to keep all the layers as grown and enhance the
integrity of the device,we use the quantum-well inter-
mixing method to realize the blue shift of the active
layer in the phase tuning section,which behaves like a
transparent waveguide. Phase tuning is possible via
current injection into this section.

The DFB laser was fabricated on InP substrate.
First,the n-InP buffer layer,lower separate confine-
ment heterojunction (SCH) Ilayer, 1. 55pm multiple
quantum well (MQW) active layer,upper SCH layer,
and a complex layer for gain-coupled grating were
grown by low pressure metal organic vapor phase epi-
taxy (MOVPE) at 655C . Then, the active layer of the
phase tuning section was treated by QWI to attain a
wavelength blue shift. Detailed information is given
in next section. Next, we removed part of the complex
layer located in the phase tuning section and index-
coupled section,and Bragg gratings with same param-
eters are fabricated in both DFB sections at one time
by holographic exposure. After that, a stop etching
layer,the InP cladding layer,and the InGaAs contact
layer were grown in the second epitaxy step. Finally,
the ridge etching,ion implantation, sputtering p-elec-
trode (Ti/Au),and vaporizing n-electrode (Au/Ge/
Ni) were completed. Trenched isolation regions sepa-
rating each of the sections are all 50um long, which
contribute to the electrical separation by He" ion im-
plementation. The two facets are left as cleaved.

3 Device performance

The as-grown MQWs had a PL peak wavelength
of 1535nm at both the DFB sections and phase tuning
section. Then P* ions were implanted into the surface
of the phase tuning section with an ion energy of
150keV and dose of 5 X 10" c¢m™?. The whole wafer
was then thermal annealed for 100s at 700C to induce
the QWI process. As a result of QWI,a 130nm wave-
length blue-shift occurred at the P* implanted phase
tuning section. Meanwhile,only a 10nm blue shift oc-
curred in the non-implanted DFB sections. The results
are shown in Fig. 2. In this way,we fabricated a phase
section that is transparent to the DFB modes.

Now we proceed to describe the experimental re-
sults. The three-section DFB laser was temperature
stabilized at 25C . The output of the laser was coupled
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Fig.2 PL spectra of different sections after thermal anneal at
700C for 100s

into a single-mode fiber. An optical spectrum analyzer
with a resolution of 0. 01nm was used to monitor the
optical spectrum of the laser; a photodetector fol-
lowed by an RF spectrum analyzer was used for the
monitoring of the RF spectrum. This system can oper-
ate in a frequency range up to 45GHz. When operated
individually, the threshold current for each DFB sec-
tion is around 25mA. When injected with a current of
90mA individually, section 2 has a two-mode emis-
1526. Inm  and
1527. Inm, and section 1 has a single mode emission

sion, whose wavelengths are
with a wavelength of 1526.6nm. This wavelength
difference,which is attributed to the different grating
type of both DFB sections, shows that the design of
our device successfully attains the detuning of lasing
modes.

When DFB section 1 operated at 90mA,and DFB
section 2 operated at 65mA,we change the current in
the phase tuning section to create self-pulsation. At
critical phase currents, only slight variations of this
parameter are sufficient to change the RF spectra
drastically. This is shown in Fig. 3,in which the lower
spectrum at 4mA corresponds to stable lasing and the
trace represents the instrument’s baseline. When de-
creasing the phase current I, to 1. ImA, the onset of
the self-pulsation of 16GHz can clearly be
detected in the corresponding upper RF spectrum.
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Fig.3 Switching OFF and ON the self-pulsation (16GHz) by
the phase tuning current I,
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Fig.4 Optical spectra of the DFB laser under the same operat-
ing condition as in Fig.3

The corresponding optical spectra of these two cases
are shown in Fig. 4. The figure indicates that a split-
ting of one emission mode, which is directly correla-
ted to the RF frequency,is caused by the variation of
the phase current. This example shows that by adjus-
ting the phase conditions, the self-pulsation can be
turned ON and OFF in our device.

For a better understanding of the results, Figure 4
displays the corresponding optical spectrum under a
same injection condition as in Fig. 3. When I, is 4mA,
there are two isolated modes, and no SP appeared.
When [, is decreased to 1. ImA, the mode with shor-
ter wavelength splits into two,and the mode spacing is
0.127nm, which an SP with frequency
15. 87GHz. This result is very close to the one detec-
ted in Fig. 3. Thus,we attribute the SP observed to BT
oscillation. The two beating modes, however, can not

equals

be regarded as the two modes from the two DFB sec-
tions, respectively. Instead, we think one is confined
to one section,and the other mode is common to both
sections. This common mode satisfies a main mode
condition of one section and any order of the FP
modes of the opposite section, including a main FP
mode.

Experimentally, phase tuning is possible via the
injection current into this section. With varied cur-
rent,an appearance and disappecarance of SP is ob-
served,and the frequency of SP also changes. Figure 5
shows a typical example of the tuning of the phase
current covering about 17mA. Within this range, the
frequency varied in a range from 15 to 21GHz. Thus,
the phase tuning is not only essential for switching on
the SPs but also can be used to fine tune the frequen-

cy.
4 Conclusion
In summary, three-section DFB lasers with hybrid

grating and a QWI induced blue shifted phase tuning
section have been fabricated. This hybrid grating

RF frequency/GHz

15"’ | | | | |

0 3 6 9 12 15 18
Phase current/mA

Fig.5 Measured variation of the pulsation frequency with the
phase tuning current

structure is proven to effectively give rise to emission
wavelength detuning. This detuning, as well as the
phase tuning section,is of great importance to the SP
and influences it significantly. Consecutively, tunable
SPs in the 20GHz range are demonstrated. As a re-
sult, this device is reliable and effective for tunable SP
generation.
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