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Abstract The design and fabrication of 1.55um wavelength M ultiple Quantum W ell
(M QW ) Distributed Feedback (DFB) laser integratedw ith electroabsorption modulator is re-
ported A static single longitudinal mode output pow er greater than GnW in free gpace isob-
tained, with OV bias to the 150um length modulator and an extinction ratio of up to 11dB at
4/ at 100mA operation current of 300um lengthDFB laser. Themodulator side andD FB laser
side are coated w ith A ntireflcetion (AR) and Highreflection (HR) coating respectively. The
threshold current of DFB laser is about 16nA and the side mode suppression ratio is aways

greater than 35dB w hen the reverse bias voltage of themodulator is varied from OV to 4V.

PACC: 4282, 4280S, 6865, 4255, 6150C

In troduction

M ultiple Quantum W ell (M QW ) Electroabsorption (EA ) modulator integrated w ith

Distributed Feedback (DFB) laser isfull of promise for long-haul, broad-band optical fiber
transnission system and optical networks Firstly, using it as the transnitter of a systam
the signal transnission distance, w hich is bite error-free, ismuch longer than theone us-
ing DFB laser as transnitter, for thew avelength chirp of the former is snaller than that of
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direct modulation of DFB laser. A tpresent, penalty-free 10Gb/s transn ission over 100km
of standard fiber at 1.55um have been achieved with this external modulating light
ource'™. Next, in comparisonw ith L N bOsM ach-Zehnder modulators, MQW InGaA sP/
InP electroabsorption modulator offers long tem stability, compactness, and less vulnera-
bility to self-phasemodulation In addition, the EA modulator integrated w ith DFB laser
is a very attractive option because of the very low laser to modulator insertion loss and the
reduction in packaging effort compared to external modulator. Finally, it is al used as
ultra short optical pulse sourcew ith variable repetition ratew hen driving EA modulator by
hamonic voltage and the tme-bandw idth product of theoptical pulse equals to 0. 32 and it
is very close to the 0. 315 of the sech® pulse shape'®. Itspulsew idth ismaintained well
over 6000km transmission in the recirculating loop experiment®*. Therefore, it isan im-
portant light source for full optical network

To match the band-gap betw een EA modulator and DFB laser, several kinds of tech-
niques have been devised for this purpose, such as, regective epitaxy of DFB laser and
EA modulator’® *; band-gap energy control selective areaM etalorganic Chemical V apor
Deposition (M OCVD)"™; vertical mode coupling™
ing'"; and identical active layer approaches”**. In this letter, we report the Quantum
Well (QW ) structure, its characteristics, and the process of EA modulator integrated
w ith DFB laser by regpective epitaxy method

, selective quantum-w ell area intem ix-

2 Device Structures

TheDFB laser active layer consistsof six pairsof strained InGaA sPM QW w ith 0. 8%
compression strain, thewell isof 7.0nm thick and the barrier isof 13nm thick InGaA sP
w ith tensile strain for strain compensation The absrption layer of the EA modulator con-
sists of ten pairs of strained InGaA sP M QW w ith a photolum inescence w avelength of
1. 49um, thewell isof 9nm thick InGaA sPw ith 0. 5% compression strain, w hile the barri-
er is tensilly strained for stress compensation, and its thickness is 6nrm. DFB laser length
is 300um and EA modulator length is 150um, and the distance betw een them is50m. The
advantage of regective epitaxy structure lies in that the QW strain anount, number, and
w ell and barrier’ s thicknessmay beoptimized independently for DFB laser and EA modula-
tor.

3 Fabricating Process

The wafers for the integrated devices are grown by four-step Low Pressure (L P)
MOCVD. Firstof all, first-order corrugation of period about 240nm isfomed on the up-
per w aveguide layer by using two beam holographic exposure, Reactive lon Etching (R IE)
and chamical etching Then, p-InP cladding layer is grovn by LPMOCVD at a grow th
tenmperature of 650 . Next, MQW EA modulator is grown after ranoving the laser
M QW layer at the EA modulator position The fourth step is to fom mesa by R IE and



414 20

bury itw ith reverse p-n junction R IE can create aimost vertical w alls and yield the etched
pattern and dimension uniquely defined by that of themask since it is insensitive to crystal-
lographic orientationw ithout w et etching problen s such as etching dependence on material
composition and crystallographic orientation and mask undercutting T he final step of epi-
taxy is to grow the p-InP up-cladding layer and the p” -InGaA sohmic contact layer.

4 Exper mental Reaults

Figure 1 show s the light-current characteristics of the device The typical value of

1. 5um DFB-LD-EA modulator ov threshold current is 16mA and theDFB laser
and modulator lengths are 300um and 150um
regpectively. Both facets of the EA modula
—1.0Vtor and DFB laser are coated with AR and
~1.5v HR film regectively; the reflectivity of EA
modulator facet is estimated to be less than

10— 25C

— 0.5V

P/ mwW
T

—2 ov 1%, and that of DFB laser facet ismore than
90%. The iwlation resistance between the
—2-5V DFB laser and EA modulator is greater than
_3.ov 10kQ The peak power ismore than 10mwW
5.5y With laser-driven current of 150nA w hen the
1 —7.0v modulator is unbiased, the attenuation ratio

0 50 100 150 js - 120B when the modulator is biased at
I/mA

- & at the laser injection current of

Fig 1 L -1 characteristicsof aDFB laser 10amA.  The lasing wavelength is 1.55m

integrated w ith EA modulator and the modulator have the photolumi-
at different reverse bias nescencew avelength of 1.49um.

Figure 2 show s the attenuation charac-

teristics of thismonolithic integrated light source

measured from the coupled into the tapered mi- T o= 100mA

crolens fiber with different laser-driven currents T T ho=50mA

The residual light output at a higher voltage ap- & -

plied isvery snall and the extinction ratio ismore E- '8: Lip =300pm

than 20dB w hen the bias is changed from OV to - Al T IOem

4/. The extinction difference of fiber output and — 18],

EA modulator’ s facet output at the same bias *20; — . 1

comes from separate confinanent light VIV

5 Smmary Fig 2 Fiber output of aDFB laser
The waveguide structure and processing of integrated w ith EA modulator at

EA modulator integrated with a DFB laser have different reverse bias



5 Y an Xuejing ( ) etal : M onolithic Integration of M QW DFB L aser and EA 415

been described The output pow er of EA modulator’ s facet is greater than 10mW w hen
theDFB laser is injected 150mA current with a OV bias to the 150um length modulator,
and its extinction ratio of up to 12dB is achieved at 100mA operation current for 300um
length DFB laserw ith 4/ bias to themodulator. The threshold current of theD FB laser is
about 16mA and its sidemode suppression ratio is al ays greater than 35dB w hen the re-
verse biasvoltage of themodulator isvaried from OV to 4/ and the resistance betw een the
laser and modulator ismore than 10kQ
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