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High Extinction Ration Polarization Independent EA Modulator
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Abstract: An electro-absorption modulator is fabricated for optical network system. The strained InGaAs/InAlAs

MQW shows improved modulation properties, including polarization independent, high extinction ratio (> 40dB)

and low capacitance (< 0.5pF), with which. an ultra-high frequency (> 10GHz) can be obtained.
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1 Introduction

Substantially increased transmission capacity
is required by the long-haul trunk transmission
systems. Much effort has been made to overcome
the repeater’s spacing limit during the development
of a practical large capacity system''. Because of
the limit of chirp and chromatic dispersion when
the laser emits an optical pulse with large signal
amplitude, external modulator becomes essential in
optical fiber communication systems.

Among the external modulators, electroab-
sorption modulators offer higher bandwidths with
lower driving voltages'”. The highest figure of
merit reported, to our knowledge, is 26GHz/V . On-
ly the quantum confined stark effect in multiple
quantum wells can provide simultaneously polar-
ization independence and high modulation efficien—
cy. The ultra-high speed is achieved up to 42GHz
and the high extinction ratio up to 40dB'”'. Because
of their high speed. low driving voltage. and inte—
gratibility with lasers, electroabsorption modula-
tors become essential in optical fiber communica—
tion systems, especially in the signal generating

system and optical switching systems, such as nXn
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optical switch matrix, Optical Add/Drop M ulti-
plexer (OADM ) switching system, and Optical
Time Division Multiplexer(OTDM)"".

Today in China, not much progress has been
made with the single chip Electro-Absorption
(EA) modulator. T he integration of EA modulator
and DFB laser' " is the focus of attention. Howev—
er, sometimes the modulation properties of the in-
tegrated devices cannot be optimized, and cannot
meel our requirements in the extinction ratio, po-
larization dependence insertion loss, and the modu-
lation frequency, etc.

[n this paper, we describe a high performance
1.55um InGaAs-dnAlAs MQW
grown with MOCVD, which can be used in high

EA  modulator

speed OT DM network as a signal generator and de-
multiplexer, and is supposed to apply to the ultra-

fast switching systems, too.

2 Design and Fabrication

A deep ridge waveguide EA modulator buried
with polyimide is designed for the purpose of ob-
taining a very low capacitance.

Figure 1 shows the schematic structure of the
proposed strained InGaAsdnAlAs MQW EA mod-
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ulator. An n-nAlAs buffer layer, an undoped
strained MQW absorption layer, a 1. 5um thick p-
InP cladding layer. and a p” 4AnGaAs contact layer
are successively grown on an n-nP substrate by
Metal  Organic
(MOCVD). The strained MQW absorption layer
consists of twelve 9nm InGaAs wells (0.38% ten—
sile strained) and 5nm InAlAs barriers (0.5%

compressively strained) . In addition to compensat-

Chemical ~ Vapor  Deposit

ing for the well strain, the compressively strained

barriers can reduce the band discontinuities, there—

6]

by increasing the optical saturation power

Thewidth and length of the modulation region are

These two different deep ridge waveguide
structures are fabricated to avoid the rupture when
the ridge is too deep. T he one showed in Fig. 2 can
also prevent the InAlAs barrier and SCH layer
from being oxidized. The thickness of polyimide is
about 1. 7um, the device contact resistor was 6. 3Q,

and the capacitance was 0. SpF.

3 Characteristics

TE- or TM -polarized light from a tunable
laser diode has been carried in and out of the EA
facets through tapered-ens fibers, with the modu-
lation characteristics been measured. A polarization
controller is used to control the incident polariza—
tion. Figure 3 shows the normalized extinction ratio
at the wavelength of 1540nm.

In order to compare the extinction ratios at

1. 7um and 200um, respectively. We etch two dif-
ferent structures of a deep ridge (about 3um) using
Br: and bury the deep ridge with polyimide. Figure
2 shows the SEM facet view of a cleaved device
with the width of 1. 7um as well as the buried deep
ridge.

FI1G. 1  Schematic Structure of InGaAs/InAlAs

Strained MQW Electro-Absorption Modulator

Modulator Reverse Biss/V
FIG. 3 Normalized Extinction Ratio at
1540nm  Square and circle lines denote TE-

and T M —polarized light. respectively.

different wavelength, we change the source light’s
wavelength from 1.50pm to 1. 58um while keeping
the input power at OdBm. The device shows a
wavelength-dependence. T he photo luminance peak
of MQWs is at 1.49um. As the reverse bias in-

creasing from 0 to 4V, the absorption peak of an
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exciton changes to 1. 54um. M easuring the modula-
tion current at the same time, we find it increases
following the increase of the reverse bias'”.

The static capacitance of the device is mea—
sured at IMHz by using an HP4284A, and found
being reduced with the reverse bias increasing. Fig-
ure 4 shows the static capacitance at different re—

verse bias.
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FIG.4 Static Capacitance of EA Modulator

4 Conclusion

For the first time, an EA modulator over
10GHz is reported in China. The MQW EA modu-
lator proposed is used as a signal generator and di-
multiplexer in OT DM systems. We have fabricated
a MQW-EA modulator with high extinetion ratio
(> 40dB), low polarization-dependent loss, and low
capacitance (0.5pF). It demonstrates that tensile

strained MQW EA modulator is one of the most

promising optical switches for OTDM switching

system.
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