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Abstract – High-performance, widely tunable MZ 
and EA modulated analog transmitters suited for 
WDM optical/wireless applications are 
overviewed. Further, the potential to use 
monolithically integrated wavelength converters 
for these applications is also investigated. 

 

I. Introduction 

Wireless over fiber has been proposed to increase 
capacity of wireless systems and system 
flexibility, both in terms of transparency of 
modulation format and flexible allocation of 
spectrum resources [1]. As wireless systems 
moves from single-service narrowband 
applications to multi-service broadband 
applications, wireless over fiber can also preserve 
relatively low-complexity and small size of 
antenna base stations. The merging of WDM and 
wireless over fiber technologies will further 
enhance system reconfigurability and capacity [2]. 
A major challenge involving WDM wireless over 
fiber systems is for the individual components to 
deliver sufficient performance to transmit 
broadband wireless signals up to the order of 1 
GHz bandwidth or SCM multiservice signals, 
without significant degradation of signal fidelity. 
This in addition to be compatible with a 
reconfigurable WDM environment and 
transmission of digital data. This challenge is 
enhanced by the need to cascade several 
components to form the complete link, possibly 
involving switching or wavelength conversion in 
the process. This presentation will review current 
efforts to produce high-performance integrated 
components for WDM analog systems, such as 
widely tunable transmitters and wavelength 
converters capable of converting any �in to any �out 
within a specified band. 

II. SG-DBR laser platform 

The devices used for the work described within 
this paper are based on widely tunable SG-DBR 
lasers. The SG-DBR laser includes gain and 
phase sections positioned between two “sampled 
grating” distributed reflectors, sampled at 
different periods such that only one of their 
multiple reflection peaks can coincide at a time 
[3]. An offset quantum-well structure provides a 
platform for integration of the laser with other 
active regions, such as detectors or 
semiconductor optical amplifiers (SOA), and 
passive regions, such as phase or amplitude 
modulators. Typical performance of an SG-DBR 
laser integrated to an SOA is more than 10mW 
output power, lower than 2 MHz linewidth, and 
more than 40 dB sidemode suppression ratio over 
more than 40 nm wavelength tuning range [4]. 
Despite the added SOA noise, the RIN is less 
than -150 dB/Hz over the entire frequency range 
and as low as -160 dB/Hz at 1 to 2 GHz, for more 
than 140 mA gain section bias, as illustrated by 
Fig. 1.  
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Fig. 1: Detected SGDBR-SOA RIN spectra at 
1552 nm for different values of gain section bias. 
SOA bias is fixed at 180 mA. 
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Fig 2. SGDBR-SOA-EAM Device Schematic 

III. EA transmitter 
Figure 2. shows the layout of an SG-DBR laser, 
integrated to an SOA and a Franz-Keldysh type  
electroabsorption modulator. The modulator uses 
the same bulk quaternary waveguide as the tuning 
sections of the laser. The Franz-Keldysh effect in 
the bulk waveguide material provides for larger 
spectral bandwidth as compared to the quantum-
confined Stark effect. The bulk design allows 
improved power handling of the device, avoiding 
carrier pileup problems, up to a limit determined 
by Joule-heating of the device, on the order of 
200mW I-V product, I being the EAM 
photocurrent. This combined with efficient 
coupling to the SOA and laser, removing any risk 
of input facet damage as a result of integration, 
allows very high power operation of the EAM. At 
–3V bias voltage, up to 70mA linear photocurrent 
has been observed. 
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Fig. 3: Measured power of noise floor, 
fundamental, second and third order 
intermodulation products at 1552 nm, for 0 dBm 
to 5 dBm input RF power, 0.96mW optical power 
and –2.5V EAM bias. Sub-octave spurious-free 
dynamic range is also shown in 1Hz and 1MHz 
bandwidth. 

The low RIN and high optical power results in a 
high spurious-free dynamic range, despite the 
relatively non-linear response of the EA-
modulator. Biasing the modulator at the third 
order infliction point, the odd-order 
intermodulation products becomes determined by 
fifth order distortion, resulting in a sub-octave 
SFDR of 126.3 dBHz4/5, illustrated by Fig. 3. The 
maximum broadband SFDR is found at 
maximum slope sensitivity and is limited by 
second order distortion at 97.2 dBHz2/3 [5].  

 

IV. MZ transmitter 
The Mach-Zehnder modulator has a number of 
advantages compared to EA modulators. First of 
all, the RF link gain of a EA modulated optical 
link becomes limited by the absorbed 
photocurrent. MZ modulators do not have this 
limitation, being based on interferometric 
modulation. Second, by choosing inverting, non-
inverting or a combined push-pull modulation, 
the modulator chirp can be controlled from 
positive to negative values. In terms of linearity, 
Mach Zehnder modulators have one 
disadvantage. With its sinusoidal response, the 
third order infliction points appear at the same 
bias point as zero slope sensitivity, limiting the 
available sub-octave SFDR. 

 
Fig. 4: MZ-SOA-SGDBR device layout 

Figure 4 shows the layout of a Mach-Zehnder 
modulator integrated to an SG-DBR laser and an 
SOA [6]. In addition to RF electrodes in the arms 



of the MZ modulator, a phase shifter is located in 
one of the modulator arms. In addition to changing 
the phase, the bulk material in the modulator 
electrodes also changes the amplitude with applied 
voltage. The phase tuning section provides the 
extra degree of freedom needed to match both the 
amplitude and phase of the arms for full extinction 
at the output. The combination of phase and 
amplitude modulation in the arms also provides a 
deviation from the sinusoidal response of a typical 
MZ modulator. As a result, the third order 
infliction point no longer coincides with zero slope 
sensitivity, as illustrated in Fig. 5 where the power 
of fundamental and distortion is plotted. It is seen 
that at minimum third order distortion, the 
fundamental is less than two dB lower than at 
maximum slope sensitivity. At this point, the sub-
octave SFDR is fifth order limited at 115 dBHz4/5.  

 
Fig. 5. Fundamental and 3rd order power as a 
function of first electrode bias and 0V bias on 
second electrode. 

 
Fig. 6. Tunable all-optical wavelength converter 
(TAO-WC) 

V. Wavelength converters 
By using an input optical signal to regulate the 
output from an SG-DBR laser, a tunable 
wavelength converter is formed. Figure 6 shows 
an all-optical variety of this type of device. The 
device consists of an SG-DBR laser integrated to 
an SOA Mach-Zehnder interferometer. The 
optical input signal is preamplified before 
entering the interferometer, regulating the 
converted output signal by predominantly cross-
phase modulation in the SOA of the arm of the 
MZI. This type of device has been used to 
demonstrate wavelength conversion over a range 
of input and output wavelengths [7]. Signal gain 
has also been shown to be possible.  
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Fig. 7. MZ OE-O wavelength converter. 

An alternative converter architecture is the OEIC 
wavelength converter. Here, the input optical 
signal is converted into an electrical signal that 
regulates the optical output signal. The added 
complexity from the added electrical path is 
compensated by the elimination of any need for 
optical filtering at the output, enabling same-
wavelength conversion, and the capability of 
convenient signal monitoring. Figure 7 shows a 
schematic of an OEIC-WC, where the Mach-
Zehnder is modulated by the unamplified 
photocurrent from a photodetector.  
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A second variety of an OEIC-WC is shown in Fig. 
8. Here, the SG-DBR laser is directly modulated 
by the detector photocurrent. An input and output 
SOA is used to compensate for coupling and 
conversion losses. This type of device has the 
potential for high linearity, exploiting the 
relatively high linearity of direct modulation, 
compared to external modulation. However, 
ultimately the distortion produced in the input and 
output SOA should be eliminated to provide high 
linearity. One promising prospect is the use of 
series-connected multiple active regions in the SG-
DBR laser. This kind of structure will recirculate 
the modulation current in the active region of the 
SG-DBR to provide enhanced direct modulation 
sensitivity that compensates for the coupling 
losses of the wavelength converter without the 
need for an SOA. In [8] this principle was used to 
demonstrate an equivalent 390% differential 
quantum efficiency of a Fabry-Perot type laser. In 
addition, the more uniform current distribution in 
such an active region has been shown to enhance 
linearity, compared to the corresponding single 
section device. 

 

VI. Summary 

The transmission of broadband and/or multiservice 
wireless signals over a WDM fiber network will 
put severe constraints on the allowable distortion 
produced in the optical link. Therefore, high 
performance optical components are needed to 
deliver the required link performance. Wavelength 
tunable integrated components based around 
Sampled-Grating DBR lasers are investigated for 
these purposes, in particular integrated high-
performance analog transmitters based around EA- 
or MZ-modulators. Further, more complex devices 
enabling wavelength conversion in these kind of 
applications are also summarized. 
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