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A Wavdength Tunable DBR Laser Integrated with an Hectro
Absor ption Modulator by a Combined Method
of SAGand QWI~
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Abgtract : We report a wavelength tunable electro-absorption modulated DBR laser based on a combined method of
SA Gand QW!I. The threshold current is 37mA and the output power at 100mA gain current is 3 5mW. When cou-
pled to a snglemode fiber with a coupling efficiency of 15 % ,more than a 20dB extinction ratio isobserved over the
change of EAM biasfrom0to - 2V. The 4 4nm continuous wavelength tuning range covers 6 channelson a 100 GHz
grid for WDM telecommunications.
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1 Introduction

Wavelength tunable electro-absorption modu-
lated DBR lasers (TEML) are very attractive com-
ponents. They can be used as highly reliable ,com-
pact ,and low cost wavelength tunable sources in
long haul WDM fiber optic communication sys
tems. The key issuefor thefabrication of monolith-
ic photonic integrated circuitsis the combination of
different functional sections (active or passive) on
a sngle epitaxial wafer ,which requires the defini-
tion of sections with different bandgap wave
lengths. In the case of TEML , three different
bandgap wavelengths are needed:one for the gain
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section ,one for the modulator section ,and one for
the grating and phase section ,with a relation of A gin
>N moduaor >A graing. TO integrate different materials
on the same wafer ,the most popular methods are
selective area growth (SAG)™ | butt-joint™ | sn-
gle mode vertical integration (SMV )™ and quan-
tunrwell intermixing (QWI)™. Among them,
butt-joint coupling needs overcritical etching and
regrowth steps, while SMVI needs ecia
waveguide design ,longer chip sze,and a rigorous
etching process. Both of them require complex fab-
rication techniques and efficient optical coupling
between different sectionsis hard to realize.

SA G allows smultaneous epitaxy on a pat-
terned substrate with different growth rates and
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resultsin the growth of quantum wells with differ-
ent thicknesses,therefore defines of sections with
different bandgap wavelengths. By locally introdu-
cing a different SO: pattern, more than three
bandgap wavelengths can be realized in the same
SA G growth ,which is sufficient for the fabrication
of TEML. The main drawback of SA Gisthat there
exists a trandtion area between different sections
with a typical length of several tens of microme
tres. The trandtion area has gradualy changed
bandgap wavelengths,thus the optica absorption
lossin the trandtion area may be high.

QWI relies on selective partial material inter-
diffuson between the well and barrier induced by
impurities or vacancies during a post-growth anneal
process ,which resultsin a change of QW shape and
transition energies. QWI has high space resolu-
tion'™
bandgap wavelength change between different sec-
tions. A schematic view of SA G and QW!I process
isshownin Fig.1.

( several micrometres) and an abrupt

Fig.1 Schematic view of SAG (a) and QWI (b)

Although a SA G method can be used to fabri-
cate TEML ,we adopt a combined process of SA G
and QW!I in this paper. There are two benefits of
the method compared with the former one: (1) We
can adopt the same quantumrwell structure and
growth condition which we used to fabricate thein-
tegrated DFB laser and EA modulator before' |
thus make the fabrication process easer; (2) The
QWI process results in an abrupt bandgap wave-
length change between different sections,thus re-
ducing absorption loss in the trandtion area. The
QWI process has been well established in our
group'.

2 Device fabrication

A schematic illustration of the tunable EA-
DBR chip is shownin Fig. 2. The device cons sts of
five separate sections: a 25QU m rear grating; a
30Qu m gain section;a 10Qu m phase section;a 5 m
front
Trenched isolation regions separating each of the
sections are all 50 m long.

grating; and a 150 m EA modulator.

Gain Phase Grating Modulator

Fig.2 Schematic cross section of the EA-modulated
tunable DBR laser

First ,we deposted a SO: dielectric film with
typical thickness of 150nm by PECVD on a (100)-
oriented nInP substrate. Then, stripe patterns
were defined in the SOz mask by conventional pho-
tolithography and chemical etching at gain sec
tions. The strips were formed along the [110] di-
rection. Both the mask strip width and the open
stripe width are 13 m. A n-InP buffer layer ,MQW
active waveguide layers,and an i- InP implant buff-
er layer were then grown in turn by low pressure
MOCVD on thispatterned substrate. The InGaA sP
MQWs consisted of 7 periods 6nm compressively
strained (0. 4 %) wells,separated by 9nm tensle
strained (- O 2 %) barriers,which was sandwiched
between 100nm lower and upper cladding layers.
The as grown MQWs had a PL peak wavelength of
1 56Q m at gain section and that of 1 5021 m at
other sections. Then P* ions were implanted into
the surface of the whole wafer except gain and
modulator sections with an ion energy of 50keV
and dose of 5 x 10 cm™®. After re-depositing a
fresh SO: layer on the whole wefer ,a thermal an-
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neal of 2min at 700
QWI process. As a result of QWI,a near 100nm
wavelength blue-shift occurred at P* ions implan-
ted sections. Detailed wavelength change of differ-
ent sections after the whole process is shown in
Fig.3.

was performed to induce the
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By a combined method of SAG and QWI ,we
had integrated three materials of different wave
lengthsin the same epi-wafer to meet the need of
TEML (1560nmfor gain section of LD ,1502nm for
modulator , and 1406nm for grating/ phase) , and
there was no distinct change of intensty and
FWHM of PL at non P’ implanted sections after
therma anneal , which means that QWI process
does not deteriorate the MQW quality of the re-
gions which are not to beintermixed. The grating,
which was localized at the mirror sections,was re-
alized by convenient holographic lithography fol-
lowed by dry and wet etching. The reflectivity of
the rear- and front- grating are over 80 % and 10 %
respectively. The grating coupling coefficient kisar
bout 70cm™*. Finally ,a p-InP layer and a p*-In-
GaA s contact layer were grown over the whole war
fer.

A standard 21 nmrwide dSnglemode ridge
waveguide was etched to 100nm above the
waveguide core. Electrical isolation between the
different sections was accomplished by a selective
wet etching off the InGaAs contact layer and per-
forming a deep He" implant. To reduce the junc-
tion capacitance of the modulator ,a 8 m deep-ridge

was etched down over MQW active layers. Passver
tion of ridge sdewall was accomplished through a
400nmrthick SO: layer. A standard Ti- Pt-Au metal
was sputtered and a p-electrode pattern wasformed
by usng a lift-off approach. For further decreasing
parastic capacitance of the modulator ,a 3 m-thick
polyimide layer was performed under the modula
tor bonding pad to serve as a low-k dielectric.
Then ,the wafer was made thin and Au Ge-Ni con-
tact was performed on the n-sde. Finaly ,after be-
ing cleaved to bars,AR coating was formed on the
modulator output facet.

3 Device perfor mances

The light output power versus gain section
current (P-1) performance at various bias voltages
of the modulator is shownin Fig.4 ,whichistested
at room temperature usng an integral sphere. The
TEML has a threshold current I of 37mA. The
5Q nrlong isolation trench between different laser
sections should be further shortened to reduce in-
ternal optical lossin the laser cavity ,and thus re-
duce lw. There was no observable change in Iw nor
in the wavelength of the output light over the en-
tire range of the modulator bias voltage ,which in-
dicates sufficient electrical isolation of the laser and
modulator sections. With the modulator in an open
circuit state,the CW output power is 3 5mW at
lgan = 100mMA | lgrating = OMA ,and lphee = OMA.
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Fig.4 P characteristics of the TEML at different
modulator bias voltages
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The output power is coupled into a sngle
mode fiber with a coupling efficiency of 15 % ,and
the DC extinction characteristic is presented in
Fig.5 under the conditions of lgin = 100MA , lgrating
=0mA ,and lyrae = OMA. More than 20dB extinc
tion ratio was demonstrated with modulator re
verse hiasincreasng from 0 to 2V. Wefind a great
increase in the extinction ratio compared with the
measured results by the integral sphere,which is
due to the fact that some un-modulated scattering
light iscollected by the integral sphere and deterio-
rates the measured extinction ratio.
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Fig.5 Extinction ratio of TEML coupled to a sngle
mode fiber measured by integra sphere

By changing the injection current in the grat-
ing and phase section ,we measure the tuning char-
acteristics of the TEML. The optical spectrum has
a4 4nm tuning range ,which covers 6 channels on
the 100GHz WDM grid:the channel wavelengths
are 1554 94 ,1554. 13,1553 33,1552 52,1551 72,
and 1550. 92nm ,respectively. The tuning character-
isticis demonstrated in Table 1 ,and the spectra of
al the 6 WDM channels are shown in Fig. 6. DC
s de-mode suppresson ratio (SMSR) keeps greater
than 35dB over the total tuning range. We observe
no sgnificant variation in the extinction ratio when

Table 1l Tuning characteristic of the TEML

| grating/ MA Iphase/ MA Peak wavelength/ nm
0 6 1554.94
4 18 1554.13
7 3 1553.33
18 6 1552.52
30 12 1551.72
42 9 1550.92

Optical power/dBm
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Fg.6 Tuning spectrafor TEML showing 6 channels
spaced at 100GHz WDM grid over a 4 4nm tuning
range The SMSRis greater than 35dB over the entire
tuning range

the laser wavelength is tuned to a given channel ,
which is due to the small wavelength tuning range.

The capacitance of the modulator is measured
to be 0. 88pF under - 2V hias voltage and 1M Hz
frequency ,and dynamic characteristics of the device
will be further investigated.

4 Conclusion

A combined method of SAG and QWI was
succesd ully utilized to realize a wavelength tunable
electro-absorption modulated DBR laser for the
first time. Without extra epitaxial regrowth ,three
functional sections with different wavelengths are
integrated on the same wafer. This approach snr
plifies the fabrication process without sgnificantly
compromising the performances of the device,and
thereforeisapromisgng techniquein thefabrication
of photonic integrated circuits.

References

[1] Koji K,Kenichiro Y, Tatsuya S,et a.1l 53 m wavelength-se-
lectable microarray DFB-LD’ s with monolithically integrated
MMI1 combiner , SOA , and EA-modulator. |IEEE Photonics
Technol Lett ,2000,12(3) :242

[ 2] VYashiki K,Kudo K,Morimoto T ,et a.Wave engthrindepend-
ent of EA-modulator integrated wavelength selectable mi-
croarray light source. IEEE Photonics Technol Lett,2000,14
(2) :137

[ 3] JohnonJ E,KetelsenL ,AckermanD A et a. Fully stabilized



11

Zhang Jing et al. :

A Wavelength Tunable DBR Laser Integrated with An Electro-Absorption by

2057

[4]

[5]

electroabsorptionr-modulated tunable DBR laser transmitter
for long-haul optical communications. |IEEE J Sd Topics
Quantum Eectron,2001,7(2) :168

RaringJ W ,Skogen EJ Johanson L A ,et a.Demonstration
of widely tunable sngle-chip 10- Gb/ s laser-modulators usng
multiple-bandgap InGaAsP quantum-well intermixing. |IEEE
Photonics Technol Lett ,2004,16(7) :1613

HaysomJ E,Poole PJ ,FengJ ,et al.Latera selectivity of ion

induced quanturmrwell intermixing. J Vac St Technol A,

SAG  QWI
DBR

37mA ;100mA

( 159%) , 0
4 4nm, 6 100GHz WDM
: ; Bragg
EEACC: 4270; 4320J; 2530C
TN365 A

2005-03-11

( : G20000683-1) ,
90101023)
,1975
,1977 , ,
,2005-06-21

InP

InP

[6]

[7]

-2V

1998,16(2) :817

Liu Guoli ,Wang Wei ,Zhang Jingyuan ,et al. Wavelength tun-
able electroabsorption modulated DFB laser with thin film
heater. 13th |EEE Lasers and Eectro-Optics Society Annua
Meeting ,2000 :504

Zhang J,Lu Y,Zhao L J,et a. An integratable distributed
Bragg reflector laser by low-energy ion implantation induced
quantum well intermixing. Chinese Journa of Semiconduc-
tors,2004 ,25(8) :894

, 100083)

DBR .
, 3 5mwW;
, 20dB ;

: 0253-4177(2005) 11-2053-05

DFB

( :2001A A312050) (

(€2005



