A 10 Gb/straveling wave MZ-Modulator for integration with a laser
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We report a traveling wave Mach-Zehnder modulator on InP that is compatible with our process for
monolithical integration with SOA-based devices like a multi-wavelength laser. The V,, is lower than 10 V
and the static extinction ratio is higher than 20 dB at 1550 nm. Microwave characteristics of the electrica
lines were measured up to 40 GHz. The 3-dB bandwidth of 8 GHz allows for 10 Gb/s operation.
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I ntroduction

The increasing demand for high-bandwidth communications requires fast modulators. The most
widely used materials for these devices are LiNbO3 and 111-V semiconductors, such as GaAs or InP.
Lithium niobate devices have low insertion losses and high bandwidth [1], buth they have large
(cm) dimensions. InP absorption modulators [2] combine small dimensions with a high switching
speed and a low driving voltage. A disadvantage, as compared to LN-modulators, are the higher
insertion loss and the higher chirp. InP-based Mach-Zehnder modulators can provide similar
performance as LN-modulators, but with a much smaller device size. Further, they have a potential
for integration with lasers and optical amplifiers [3,4]. High-speed (> 50 GHz) traveling wave M Z-
modulators have been reported in GaAs [5] and InP [6], but with little detail on fabrication and
performance. In this paper we report realisation and measurement results of a 10 Gb/s InP-based
Mach-Zehnder modulator with a potential for 40 Gb/s operation, that is realised in a process that is
compatible with our process for integration of SOA’s.

Design and fabrication

The modulator is based on a Mach-Zehnder interferometer with 1-mm-long phase shifters
consisting of a InGaAsP/InP ridge-type waveguide with a p-i-n doping profile. Figure 1a shows the
schematic layout of the interferometer and the electrode; figure 1b shows a photograph of arealised
device. The optica waveguides in the phase-shifting sections are chosen 4 um wide to relax the
fabrication tolerances; they are etched 100 nm in the quaternary waveguide layer (see fig. 2). The
modulator has been optimised for low optical and RF losses, small optical-electrical velocity
mismatch and a high modulation efficiency using the method of lines (MoL) [7] and Ansoft’'s 3D
EM simulator HFSS.
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Fig. 1a. Schematic top view of modulator
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Fig. 1b. Photograph of arealized optical modulator. The impedances of the various sections are shown.

Figure 2 shows a schematic and real cross-sections of the optimised waveguide structure. The
signal and ground electrode widths are chosen 12 um and 30 pum wide, respectively, while the gap
between signal and ground is 8 um. The InP/InGaAsP film layer stack was grown using MOV PE
on a semi-insulating (SI) InP substrate. The composition of the INnGaAsP layer corresponds to a
photoluminescence wavelength of 1250 nm and the thickness is 500 nm. This configuration is equal
to the layerstack used in the multi-wavelength laser integrated with a wavelength converter
published by Broeke et al. [8], indicating the high integration potential of the device published here.
The optical waveguide pattern was defined with optical lithography in a 100 nm layer of SiNj,
using CHF; reactive ion etching. The waveguide mesas were created with an optimized CH4/H»
etching and O, descumming process [9]. SiNk and polyimide (PI) were then used in the phase-
shifters, for passivation and planarization purposes. Finaly, 1.5 um thick gold electrodes were
plated. Figure 4 (upper curve) shows the computed electro-optical respons of the device. A 3-dB
bandwidth of 20 GHz is predicted.
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Fig. 2. Schematic cross-section (left) and SEM pictures (right) of arealized modulator at the dashed line
infigure la



Experiments

We performed three sets of measurements. the DC switching curves using an optical spectrum
analyzer, the S-parameters of the modulator electrical lines, using an HP 8510 network analyzer, in
the range 1-40 GHz, and the (electro-optical) response.

For the last measurement, the following setup has been used: the laser beam from a tunable laser
source is coupled in one of the modulator arms, by means of a lensed fiber and piezo-electric
positioners. The Port 1 of a Network Analyzer provides the input RF signal for the modulator, while
the OUtpUt is connected w o ) WilP LODWRQ RDG 7 KH P RGXDWHG RSWFDORXWEXWLV VKHQ DP SQlILHG
by a Semiconductor Optical Amplifier and detected by a high bandwidth photo-diode. Its electrical
output is then connected to Port 2 of the Network Anayzer. From the electrica S-parameters, the
microwave effective index and the loss coefficient were computed [10]; they are shown in figure
3b.

The switching curves of the modulator are shown in Fig. 3a the V; is lower than 9 V, the
extinction ratio and the insertion losses are approximately 23 dB and 3 dB respectively (TE-
polarized light). The computed and measured modulation efficiencies are presented in Fig. 4. The
modulator 3-dB bandwidth is 8 GHz. The discrepancy between the predicted and measured
bandwidth is caused by an impedance MISMA¥K EHW HHQ WKH | HHG CLQHV Q boc wn skovu-shifter
VHFWR Q Q DV VKRZ Q LQ ) L E 7 KLV P LVP DWK LV GXH W WH SUHVHQFH RI D SRO LP LGH LVROWRQ
D\ HU Z KLFK Z DV RYHUORRNHG LQ WH ILUVW GHVLIQ $ IWHU LQFOXVLRQ RI WH Q VHFWRQ LQ WH
simulations a good match is achieve between simulations and measurements, from which we
conclude that after correction of the impedance mismatch a 20 GHz bandwidth isfeasible.
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Fig. 3a. Switching curves: optical insertion lossesin dB as afunction of applied negative voltage.
Fig. 3b. Electrode effective microwave index and losses, extracted from measured S-parameters.

Conclusions

We redlized and characterized a traveling wave MZ optical modulator in InP/InGaAsP. It shows
8 GHz bandwidth and a potential for 20 GHz bandwidth after elimination of the local impedance
mismatch. It is suited for monolithic integration with semiconductor optical amplifiers, e.g. in a
high-bit rate multi-wavel ength transmitter.



o

A4 I\ T ]
computed
-2 4

B4 N\ tee e T ]

419 measured
S O N
6 -
74 M\

10 15 20 25
freq., GHz

Relative Optical Response, dB
o
(&)

Fig. 4. Computed and measured modul ation efficiency.
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