
The transmitter consists of eight external-cavity 
lasers combined in a star coupler and modulated with a 
231-1 pseudorandom bitstream by a Mach-Zehnder 
LiNbO3 modulator. The channel powers are adjusted to 
obtain reasonably uniform signal-to-noise ratios at the 
receiver. The transmission line consists of three, 80-km 
spans of conventional step-index fiber, separated by two 
dispersion-compensating amplifier sites. These amplifi
er sites contain an ytterbium co-doped EDFA, DCF to 
compensate 80 km of fiber, and a 980 nm pumped 
EDFA which boosts the signals for the succeeding span. 
Additional dispersion compensation is provided at 
either end of the transmission line. The receiver con
sists of a 1480 nm pumped EDFA preamplifier, a tune
able 0.8 nm bandpass optical filter, and a commercial 
optical-to-electrical converter. Figure 1 (page 24) shows 

the bit-error-rate curves for all eight channels after 232 
km transmission. All channels were received without 
discernible penalties and with no evidence of error-rate 
floors. The inset shows the transmitted and received 
20 Gb/sec eye pattern for one of the channels. 
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Multiple Colliding Pulse 
Mode-Locked Quantum Well 
Lasers 
Joaquim F. Martins-Filho and Charles N. Ironside, 
University of Glasgow, Glasgow, Scotland, U.K. 

The future demand for broadband services is expected 
to require telecommunication networks to operate 

with terabit capacity.1, 2 The realization of such high 
capacity networks requires flexible use of time, wave
length, and space switching.1, 2 High-speed short pulse 
generation for high bit-rate time-division multiplexing 
(TDM) systems can be provided by monolithic mode-
locked quantum well lasers for example, at repetition 
rates above 100 GHz, to be used in solitonic optical fiber 
transmission systems.1,2 Semiconductor laser mode-
locking at harmonics of the cavity round trip frequency 
allows the generation of a very high repetition rate train 
of pulses from longer cavities. We present a multiple col
liding pulse mode-locked (MCPM) laser configuration, 
that can generate one, two, three, or four pulses in the 
cavity, giving first (fundamental) to fourth harmonics of 
the repetition rate.3, 4 The laser is an extension of the 

normal colliding pulse passively mode-locked laser, 
which consists of a gain section with one saturable 
absorber placed in the center of the cavity. The MCPM 
laser is flexible in the sense that its operation can be 
switched between one, two, three, or four pulses depend
ing on the bias (forward or reverse) applied to each of its 
three independent sections (see Fig. 1), which changes 
the position and number of saturable absorbers in the 
cavity. Up to 375 GHz repetition rate has been achieved 
with a 400 µm long MCPM laser.4 Pulses as short as 
approximately 1 psec have been obtained. 

These monolithic mode-locked semiconductor laser 
devices offer the possibility of very low-cost, compact, 
reliable, robust, efficient sources of ultrashort pulses 
that can be mass-produced. The fabrication technology 
is basically the same as for compact disc lasers. This 
opens up potential application such areas as ultrafast 
data processing, optical-clock distribution for comput
ing, opto-microwave-electronic interfacing, electro-

Figure 1. Top view diagram of the M C P M laser, with 
electrical connect ions . 

Photo 1. Top view diagram of a mounted and wire bonded M C P M 
laser. Laser d i m e n s i o n s are 6 0 0 µm by 600 µm. 
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optic sampling, and optical time domain reflectometry. 
Presently, the main limitation of these devices is their 
low power, approximately 5 mW average power, howev
er this can be overcome with optical amplification. 
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Micromachined Wavelength 
Tunable Optoelectronic 
Devices with Record Tuning 
E. C. Vail, M. S. Wu, G. Li, W. Yuen, and C. J. 
Chang-Hasnain, Ginzton Laboratory, Stanford, Calif. 

M uch as the vacuum tube and radio transformed com
munications, optical devices and fiber optic commu

nications seem destined to change our lives. Wavelength 
division multiplexing (WDM) will be an important tool 
in this transformation. The extent that it will be imple
mented strongly depends on the availability of low-cost, 
wavelength-engineered optoelectronic devices and loosen
ing of stringent WDM network requirements. 

Recently we demonstrated a new family of potential
ly low-cost, widely tunable devices by micromachining 
vertical cavity structures.1-3 Vertical cavity structures 
are useful as surface normal optical devices and consist 
of precise thickness layers, typically GaAs and AlGaAs, 
that form cavities and distributed mirrors. By micro-
machining these structures, we make short Fabry-Perot 
cavities with a movable mirror. The Fabry-Perot mode 
can be tuned by applying a voltage to move the mirror, 
thereby shortening the cavity. Using this principle, we 

demonstrated tunable optical filters, detectors, and ver
tical cavity surface emitting lasers (VCSELs). 

Micromachined vertical cavities have several funda
mental advantages. Micromechanical movement can 
vary the cavity length far more than effective changes 
due to refractive index, allowing wide continuous tun
ing of a single Fabry-Perot mode. This is in contrast to 
most other widely tunable filters and all other widely 
(Δλ /λ> l%) tunable lasers which must "hop" between 
different modes to tune. Furthermore, vertical cavities 
have circular modes, are compact, manufacturable in 
2-D arrays, and compatible with multi-mode fibers. 
The tuning power (~250 pW) is far lower than that 
required using heating or carrier injection. 

Figure 1 shows a schematic and SEM photograph of 
a tunable VCSEL. The structure has a bottom distrib
uted Bragg reflector (DBR) mirror, a quantum well 
active region, and a top DBR mirror. Most of the top 
DBR mirror is suspended above the device using a can
tilever. By applying a voltage to the top cantilever it is 
electrostaticly attracted toward the substrate and bent 
down 0.4 μm out of a total air gap thickness of 1.2 μm. 
The tunable VCSEL exhibited 15 nm of tuning, the 
largest yet achieved for a VCSEL. 

The tunable detectors and filters exhibited wide tuning 
ranges of 30 nm, and 70 nm, respectively, with tuning 
voltages of ~5 V. For the first filter and detector, 6 nm and 
7 nm bandwidths and 20.3 dB and 17 dB extinction ratios 
were attained, respectively. These are designable parame
ters that can be easily optimized for various specifica
tions. These devices exhibit no polarization dependence. 
Furthermore, we observed4 resonance frequencies of 1.16 
MHz which imply the potential of 300 nsec tuning times. 

Stringent wavelength tolerances have made imple
mentation of current dense W D M networks expensive. 
By adding a feedback load to the tunable detector, 
wavelength tolerances can be increased and costs 
reduced, through a novel tracking effect. In addition, 
the detector can function as a wavelength meter when 
biased with a current source. The detector voltage has a 
one to one correspondence to the incident wavelength. 

By combining micromachining with optoelectronic 

Figure 1. (a) S c h e m a t i c of the tunable V C S E L . The tunable detector is similar, but d o e s not require the proton implant. The tunable filter 
d o e s not require the active region or the middle contact . (b) SEM of the comple ted V C S E L . Note the DBR layers in the top mirror. 
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