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ABSTRACT

A tunable External-Cavity Diode Laser (ECDL) prototype is designed and fabricated
based on a Littman mount configuration. The ECDL is wavelength centered about the 730
nanometers (nm), the specified wavelength output of the laser diode being used. The continuous
tuning range of the prototype is on the order of 10-12 nm. The ECDL prototype achieves
sustained wavelength and power stability, and consistently outputs a tuned single-mode beam
with a spectral width on the order of iMHz. The ECDL prototype will serve as a “seeding” laser
for a DIAL spectroscopy system to measure atmospheric constituency, as well as a testbed for
the research of improved ECDL geometries and for the fabrication of future prototypes.

INTRODUCTION - LASER DIODES AND ECDLS

Diode lasers have become the technology of choice for many diverse and important
applications at the forefront of experimental physics and engineering, because of their small size,
low cost, high reliability, and excellent spectral and modulation characteristics. Uses of diode
lasers span a very broad range of applications, including: telecommunications systems,
commercial electronics, materials processing (marking, cutting, welding), non-intrusive atomic
and molecular spectroscopy, process and pollution monitoring, optical ranging, and remote
sensing.

Research efforts involving lasers systems require access to lasers of many distinct
wavelengths and output power ranges. This can be achieved with some expense to the
researcher, as the vast majority of semiconductor lasers are only available within specitic
wavelength regions, necessitating many lasers to be bought to meet varying applications.
Additionally, researchers who use unmodified commercially available laser diodes will run into
several complications. For example, an individual laser diode may not always be of the exact
specified wavelength or may not be as spectrally discrete. Obviously, for compact and cost-
effective designs, the strict adherence to specification will tend to falter; thus a researcher’s
desired wavelength may not be met and research directly suffers. Furthermore, the common
laser diode has a resonant cavity such that its output wavelength is particularly sensitive o
tluctuations in injection current, as well as changes in operating temperature. In fact varying
these two parameters, injection current and operating temperature are the most common methods
used to “tune” the wavelength of the laser diode. These methods however, only allow the output
to be tuned discontinuously, which severely limits its applications and comes at the cost of
overall wavelength stability and shortening of the diode lifetime. To avoid these effects the
researcher must expend greater funds for higher precision laser diodes and again, for diodes of
various wavelengths and power requirements.




In addition, despite their attractive features, diode lasers output relatively wide
linewidths, an indication of their impure spectral composition and poor cavity quality. Cost-
effective laser diodes are intended to operate at a specific wavelength and only at that
wavelength, but in practice they need to be tuned by means of optical feedback to achieve the
fine linewidths necessary for experimental rigor, especially for applications in spectroscopy and
optical telecommunications.

External-cavity configurations enable a cost-effective laser diode to achieve such narrow
linewidths. ECDLs provide a combination of extremely narrow linewidth, broad tunability, ease
of use and comparatively high output powers, making them some of the most versatile lasers
available. These benefits supplement the benefits of the laser diodes themselves; small size, low
cost. high reliability. :

ECDLs have been commercially available for approximately eight yeuars. However,
many of these systems are plagued with problems in stability, reliability, and reproducibility.
Commercially available systems are also very expensive, costing as much as 1000 times that of a
typical laser diode, between $30K and $50K. However, tunable external-cavity diode lasers
remain a vital technology to high-tech industry, due to the diversity of their applications and
attractive characteristics.

ECDL DESIGN - LITTMAN MOUNT CONFIGURATION

The Littman mount configuration ECDL consists of a common laser diode which utilizes
a diffraction grating as a wavelength-tuning element by providing wavelength-selective optical
feedback. This optical feedback, occurring outside the cavity of the laser diode, hence “external-
cavity”, is the defining feature of the ECDL systems and is what enables the tuning of the output
wavelength. The external cavity is also responsible for the narrowing of the laser linewidth, a
product of the dispersive nature of the diffraction grating coupled with the optical feedback
provided by the feedback mirror. The external cavity is the optical path formed by laser diode,
diffraction grating, and the tuning or feedback mimor. As a result of the diffraction grating
physics, tuning of the Littman-type ECDL is accomplished by the translation of the feedback
mirror about a circular path, where the radius is equal to the points of incidence for both the
diffraction grating and feedback mirror, simultaneously. The geometry of the Littman
configuration appears in Fig. 1. The heavy black lines indicate the path of beam output and
feedback. The heavy dashed lines indicate the orientation of the faces of the diffraction grating
and feedback mirror with respect to the one another and the pivot point. The cross-hatched
triangles indicate angles.
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Fig. I: Littman Configuration ECDL

The characteristic equations relating the geometry of of the externa! cavity to the output
wavelength derived by Littman and Liu [1] are shown below in Equations 1-3.  From these
equations it is seen that two criteria that must be satisfied simultaneously to allow for continuous
single-mode tuning: 1) the lengths of Iy and I, must be proportionally related by sin 8 as shown in
Eq. 2, and 2) the angles, 8 and ¢, must be proportionally related to these lengths as shown in Eq.
3. (N'is the number of half-wavelengths within the cavity, m is the output mode number and x is
the separation between adjacent grating lines) Satisfying both criteria simultaneously leads to
the unique geometry and pivot circle in the Littman configuration.
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FABRICATION AND ASSEMBLY

All fabrication and assembly efforts were performed by the author on the UH Manoa
campus. The prototype body, tuning arm mechanism and optical mountings for the laser diode,
diffraction grating, and front-surface mirror were machined using 6061 Aluminum. Appropriate
physical dimensions were calculated using the characteristic equations for wavelength tuning
according to the external cavity principles set forth by Littman and Liu [1]. The scale of ECDL
configuration was approximated to meet the ultimate goals of the project: automation,
miniaturization, reliability, and utility as a testbed for further ECDL refinements.  Following
fabrication of the prototype body, the ECDL components were integrated. These components
include: the rotation stage for the tuning axis, the collimated laser diode assembly, the first-







