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Abstract. A 1.60-um laser diode and electroabsorption
modulator monolithically integrated with a dual-waveguide
spot-size converter output for low-loss coupling to cleaved
single-mode optical fiber is demonstrated. The devices emit
in a single transverse and quasi-single longitudinal mode
with a side mode suppression ratio of 25.6 dB. These de-
vices exhibit a 3-dB modulation bandwidth of 16.0 GHz, and
modulator extinction ratios of 16.2 dB dc. The beam diver-
gence angle is about 7.3x10.6 deg, resulting in 3.0-dB cou-
pling loss with cleaved single-mode optical fiber. © 2005 So-
ciety of Photo-Optical Instrumentation Engineers. [DOI: 10.1117/1.1920528]
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1 Introduction

Monolithic integration of a laser diod@d.D) (or semicon-
ductor optical amplifierand an electroabsorption modula-
tor (EAM) with a spot-size converteiSSQ output (LD-
EAM-SSQ is very attractive for transmitter modules in
optical fiber communication systems for its low-cost pack-
aging due to its large spot size, which is well matched to
that of a single-mode fibglSMF). However, most of them
have been based on buried structlires with butt-joint
selective area growth® which involves complex growth

steps, excessive processing steps, and strict process toler-

ance. In this letter, a 1.62m novel LD-EAM-SSC is dem-
onstrated using a relatively simple fabrication approach in
which selective area growttSAG) and asymmetric twin
waveguide(ATG) technologies were successively used. By
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contrast with butt-joint selective area growth, the SAG
method is useful in fabricating several band edges across
the wafer in a single epitaxial growth step, while the ATG
approach allows a variety of photonic integrated circuits
(PIC9 with different layouts and components to be fabri-
cated from the same wafer. All the integrated components
are defined by postgrowth pattering, eliminating the need
for epitaxial regrowtt’ In addition, ATG technology is ro-
bust, low-loss, compatible with existing epitaxial designs,
and uses fabrication techniques that are common in InP
laser manufacturingAs for our device, SAG technology
was employed in the LD/EAM section to exactly control
bandgap difference of the LD gain peak and exciton ab-
sorption edge while ATG technology was employed in the
SSC sections to expand the mode spot size to match the
core of a SMF. The active waveguide is laterally tapered
and combined with an underling passive waveguide. Such a
combination makes it easy to control the beam divergence
at the output facet. For the device structure, in the LD/EAM
section a double-ridge structure was employed to reduce
the EAM capacitances and enable high-bit-rate operation.
For the SSC sections, a buried ridge double-core structure
(BRS) was incorporated.

2 Device Structure and Fabrication

The schematic diagram of the device is shown in Fig. 1.
The device consists of a 6Q@m-long LD, a 50um-long
etched electrical isolation, a 150m-long EAM, and a 300-
pm-long dual-core SSC on the output end to improve the
optical coupling efficiency.

The device is fabricated using only a three-step low-
pressure metal-organic vapor phase epitaie-MOVPE)
process, the second of which is a SAG step. For the first
epitaxial growth, InP buffer, 50-nm-thick n-type 1.1&n
bandgap InGaAsP quaternaf§®) lower waveguide and a
0.2-um n-InP spacer layer are grown. Then, two Sigads
are patterned on the spacer layer in the LD region. The
multi-quantum well and separate confinement heterojunc-
tion (MQW-SCH) stack is then grown in the second epitax-
ial growth. The SAG process creates a bandgap difference
between the modulator and the laser diode of 75 nm as
measured with small-spot photoluminescence. After remov-
ing the SiQ, the lateral taper is formed by selective
etchant of MQW-SCH layers from the SSC regions. A thin
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Fig. 1 Schematic diagram of the device.
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Fig. 2 Emission spectra of the device.
from the rear facet of the LD are as large as 30.0 and 49
deg. The coupling loss and 1-dB align tolerance for the
P-InP cladding layer, 1.2Q etch stop layer, P-InP overclad- SSC facet are about 3.0 dB,3.1 um (horizonta) X =2.65
ding, and an InGaAs cap layer are then grown in the third um (vertical), when the device was coupled to a cleaved
epitaxial growth step. This is followed by conventional SMF. However, at the same case, those from the rear facet
double-ridge waveguide processing of the LD/EAM sec- of the LD are about 9 dB+2.0 um (horizonta) X =1.7 um
tions. (vertical).

3 Device Performances 4 Conclusion

Figure 2 shows the laser typical optical spectra of the de- In conclusion, a 1.6Gsm laser diode and electroabsorption
vice at 198 mA and 25°C when the EAM biased voltage is modulator monolithically integrated with a novel dual-core
0 V. Quasi-single longitudinal mode was observed with a Spot-size converter output for low-loss coupling to cleaved
side mode suppression ratiSMSR of 25.6 dB, although  single-mode optical fiber is demonstrated. The devices emit
no grating was fabricated in the LD region. The frequency in a single transverse and quasi-single longitudinal mode
response for the modulator was measured-atV of dc with SMSR of 25.6 dB. The dc extinction ratio of 16.2 dB
bias. The 3-dB bandwidth for the modulator is about 16 is observed for the device with the modulator-&2 V of dc
GHz. bias. The 3-dB modulation bandwidth of 16.0 GHz is also
Figure 3 shows the L-l characteristics of the device Observed at the same case. The output beam divergence
when the modulator was biased. From these L-I character-angles of the spot size were as small as 7.3(degzonta)
istics, one can see that when the bias voltage on the modu-x<10.6 deg(vertical, resulting in low-coupling losses with
lator was varied from 0.0 te-2.0 V while the current in- @ cleaved optical fibe(3.0-dB los$. Simple fabrication
jection on the laser was fixed at 160 mA, the on-off ratio Procedure and excellent performance make the device suit-
was larger than 16.2:1. able for mass production and a cost-effective active, or pas-
Figure 4 shows the far-field pattern observed from the sive, mode-locked laser.
SSC facet. The device emits in a single transverse mode,
which indicated that there was no degradation of the single Acknowledgment
transverse mode characteristics with the introduction of the This project was supported by the National Natural Sci-
SSC. The divergence angles from SSC facet are as small agnces Foundation of China under Grant No. 90101023 and
7.3 deg(horizonta) X10.6 deg(vertical. In contrary, those  the Special for Major State Basic Research Project of China
under Grant No. 20000683-1.
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