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Abstract : A 10Gb/ s transmitter module containing an electroabsorption modulator monolithically integrated with a

distributed feedback (DFB) semiconductor laser isfabricated using the identical epitaxial layer scheme. Gain-coupling

mechanism is employed to improve the sngle mode yield of the DFB laser ,while inductively coupled plasma dry etch-
ing techniqueis utilized to reduce the modulator capacitance. The integrated device exhibits a threshold current as
low as 12mA and an extinction ratio over 15dB at - 2V bias. The small sgnal modulation bandwidth is measured to

be over 10GHz. The transmission experiment at 10Gh/ sindicates a power penalty less than 1dB at a bit-error-rate of

10" &ter transmission through 35km single mode fiber.
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1 Introduction

Electroabsorption (EA) modulated distributed
feedback (DFB) semiconductor lasers are key de-
vices for high-speed fiber communication systems
due to their low frequency chirp ,high modulation
efficiency ,compact size,and high reliability™ *.
With the development of wavelength divison mul-
tiplexing (WDM) technology ,the bit-rate of opti-
cal fiber communication systems keeps increasng,
and 10Gb/ s EA modulated lasers (EMLS) are now
widely used in long haul ,trunk-line applications. It
is important to develop technologies to fabricate
EML s for 10Ghb/ s applications at a low cost while
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mai ntai ning the device performance.

One of the key issuesin the desgn and fabri-
cation of EML sisto realize wavelength compatibil-
ity between the lasng wavelength of DFB laser and
the excitonic absorption edge of the EA modulator.
Various techniques have been proposed for this
purpose, including butt-joint,
growth, selective etching, and multiple quantum
well interdiffusont .

selective area

However , many of these
techniques involve multiple-step epitaxy or suffer
from poor reproducibility. In our study,we have
adopted a very smpleintegration scheme known as
the identical epitaxial layer (IEL) structure in
which the laser section and modulator section use
the same multiple-quantum-well (MQW) structure
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as the active layer and the absorption layer ,respec-
tively.By using this very smple device structure it
is possble to reduce the fabrication process conr
plexity while maintaining high device perform-
ance!*”®!
To increase the modulation bandwidth of an
EML ,the EA modulator section is often processed
into a high-mesa ridge waveguide structure to re-
duce the device capacitance. Careful control of the
ridge width is crucial to the modulation speed of
the device. In our work, a high-mesa ridge
waveguide with ridge width less than 3 m is
formed by inductively coupled plasma (ICP) dry
etching technique. Dry etching provides not only
good reproducibility and dimensional control , but
al 0 highly anisotropic etching profile ,which iside
al for the fabrication of narrow high-mesa ridge
waveguide with a vertical sdewall. Compared with
reactive-ionretching (RIE) ,ICP allows high-dens-
ty plasma at a low bias,thus reducing the surface
damage of etched material. This makes ICP dry
etching technology very suitable for the fabrication
of optoelectronic devices.

In this letter ,we report a 10Gb/ s transmitter
module containing an EA modulator integrated
with a DFB laser. The device structure ,fabrication

procedure ,and device performance are presented.

2 Devicefabrication

Figure 1 depictsthe schematic of our |EL inte-
grated device, which requires two-step metal-or-
chemical-vapor-deposition  ( MOCVD )
growth. During the first growth,n-InP buffer lay-

ganic

er Jlower guiding layer ,MQW active layer ,and up-
per guiding layer were grown on the n*-InP sub-
strate successvely. The MQW structure conssts of
5 pairs of 10nm thick 0 84 % compressvely
strained InGaAsP well and 10nm thick lattice
matched InGaAsP barrier As = 1 2% m) , sand-
wiched between two 120nm thick InGaA sP guiding
layers A =1 2% m) . An additional n-InP carrier-
blocking layer was grown on the top of the upper

guiding layer for the implementation of carrier-in-
duced gain-grating so as to utilize gain coupling to
improve the device performance!® . First-order
grating was then formed in the DFB region by
etching through the carrier-blocking layer and part
of the upper guiding layer ,while the n-InP layer &
bove the modulator region was selectively removed
s multaneoudly.

DFB laser Cr/Au
electrode

[solation section

[ region

EA modulator l
section

Au/Ge/Ni
Gratings ¢lectrode

SCH

layers

MQW —  n*-InP
layers substrate

Fg.1 Schematic of an IEL integrated light source

The detuning between the Bragg wavelength
of the grating and the excitonic absorption peak of
the modulator is crucial to device performance,
such as output efficiency, extinction ratio, and
transmission capability!® . The optimal wavelength
detuningis closely related to the MQW structure.
According to the measured photocurrent data and
the smulated transmisson capacity of an IEL inte-
grated light source,the optimal detuning value for
our IEL devicesisfound to be around 40nm!"*®! .

During the second growth,a p-InP cladding
layer and a p*-InGaAs contact layer were succes
svely grown on the top of the wafer. After
MOCVD regrowth ,the wafer is processed into de-
vice chips. The laser section of our integrated de-
vice is processed into a standard ridge waveguide
structure ,in which reverse mesa has been adopted
to improve electrode contact and thermal character-
istics®. A 3I'm wide high-mesa ridge waveguide
structure isformed in the modulator section by ICP
dry etching. To further reduce the device capaci-
tance ,a 2l mthick SOz insulation layer is deposited
by plasmaenhanced chemical-vapor-deposition
(PECVD) beneath the bonding pad.
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The lengths of the DFB laser section and the
EA modulator section are 400 and 10U m, respec-
tively ,with a 4@ m wide isolation region formed by
removing the contact layer and the electrode in be-
tween. The typical isolation res stance is measured
to be more than 15K2. To suppress the optical
feedback due to the modulator output facet reflec
tion ,the modulator facet is anti-reflection (AR)
coated ,while the laser facet isleft as cleaved.

3 Device performance

The static performance of thefabricated device
is shown in Figs. 2 and 3. The typica threshold
current of the integrated device is measured to be
around 12mA ,and the DC extinction ratio is esti-
mated to be better than 16dB at - 2V modulation
bias. It is seen that IEL light sources with excellent
device performance can be fabricated by optimizing
the wavelength detuning. Meanwhile ,as a result of
the gain-coupling mechanism incorporated into the
device ,the integrated devices exhibit excellent sn-

o
}

7
s
|

|

I

0

/
1_/ 1 ' v J
0 10 20 30 40 5

I/mA

Fig.2 P curveof theintegrated light source
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injection current into the DFB laser section is 30mA.

Extinction ratio versus modulation bias The

gle mode performance,and the typical sde mode
suppression-ratio is measured to be over 40dB.

To measure the small sgnal modulation band-
width ,the integrated device chip was mounted onto
an AIN submount ,which contains a 52 thinfilm
red stor connected in parallel with the EA moduler
tor for impedance matching. The microwave signal
from an Agilent 8722 network analyzer was fed to
the EA modulator section of the integrated device
through a cascade ACP40 onrwafer probe. The
modulated optical signal was converted into micro-
wave sgnal by an Agilent 11982A lightwave con-
verter and sent back into the network analyzer. The
measured small sgnal response at a DC bias of -
1V is shownin Fig.4(a) ,which indicates a 3dB e

lectrical bandwidth over 10 GHz.
-18

(a)

TR

Response/dB
)
pg

0o 2 4 6 8 10 12
Frequency/GHz

(®)

0} I
0 2 4 6 8 100 12
Frequency/GHz

Response/dB
¥
-2

Fig.4 Small sgnal fregquency response of the EML be-
fore (a) and after (b) packaging The DC bias applied
to the EA sectionis - 1V.

The integrated device chip was then packaged
into a compact module,which contains the EML
chip on submount ,an optical coupling lens system,
an optical isolator ,a monitor photodiode, and a
temperature control unit. The module is attached
with a sngle-mode fiber pigtail ,and a K-connector
is usedfor high-frequency modulation signal input.
The optical power coupled from the pigtail is grea
ter than 0. 5SmW at an injection level of 60mA. The
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small signal frequency response of the packaged
module is shown in Fig. 4 (b). A 3dB electrical
bandwidth over 9GHz can be secured ,whichis suf-
ficient for 10Gb/ s operation.

Transmission experiment at 10Gb/ s was car-
ried out to test the large sgnal modulation per-
formance of the transmitter module. A 10Gb/ s
pseudorandom nonreturn-to-zero (NRZ) signa
from an Advantest D3186 pattern generator was
applied to the integrated light source module. Fig-
ure 5 are the eye diagrams before and after trans
misson measured with a Tektronix CSA8000 com-
munications dsgnal analyzer. The bit-error-rate
(BER) performance is summarized in Fig. 6. After
transmisson through 35km s ngle-modefiber ,the
module exhibits a power penalty islessthan 1dB at
BER=10 *.

Fig.5 Eye diagrams under 10Gb/ s NRZ modulation
(a) Back-to-back ; (b) After 35km transmission through
sngle mode fiber The modulation voltage swing and

the DC biasare 2 and - 1V ,respectively.

4 Conclusion

We have successully developed a compact
module containing an electroabsorption modulator

®m Back to back
v After 35km
transmission

Bit error rate
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Received optical power/dBm

Fig.6 Bit-error-rate performance of the EML module

monolithically integrated with a DFB laser for
10Gb/ s optical transmisson systems. By adopting
the 1EL integration scheme ,the fabrication process
of theintegrated light sourceis greatly smplified.
Excellent singlemode operation is realized by tak-
ing advantage of gain-coupling mechanism. To re-
duce the device capacitance, ICP dry etching tech-
nique has been used in device fabrication. The fab-
ricated device shows good DC performance and a
small sgnal modulation bandwidth over 10GHz.
Clear eye opening has been demonstrated under
10Gh/s NRZ modulation. After
through 35km single mode fiber ,the power penalty
is measured to be less than 1dB at BER = 10" “.
The module is believed to have great potential for
future application in 10 Gb/ soptical fiber transmis

transmisson

son systems because of its smplicity and cost ef-
fectiveness.
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