Robust external cavity diode laser (ECDL) and their
application in water vapor and saturated-absorption
rubidium spectroscopy
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1 Introduction

Compared to traditional lasers, diode lasers are generally small,
compact, reliable, easy to operate, amenable to electronic high
frequency modulation and temperature tuning. However, tuning
characteristics of many commercially available standard diode
lasers are far from ideal. ECDL, inwhich Fabry-Perot (FP)
standard laser diodes are employed, can provide an attractive
alternative. The objective of this work is to optimize the optical
design of ECDL in Littman and Littrow configur ation (Scheme 1)
for robust sensor applications. The performance of the ECDL is
demonstrated by water vapor and rubidium saturated absorption
spectroscopy.

Scheme 1 shows the design of
Littman and Littrow ECDL. For the

(@)

Lasel \ Littrow configuration, a diffraction
grating is mounted so that the light
\Graﬂng diffracted in the first order is reflected
back into the laser, while the light
(b) diffracted in the zeroth order is coupled
Mirror or Prism out. For the Littman configuration, the
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light diffracted in the first order is
reflected back to the grating by a
mirror or prism. In both designs
laser diodes with and without
Scheme 1.  ECDL in Littrow (a) antireflection (ar) coating were
and Littman (b) configuration. employed
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2 Results and Discussion

2.1 Optical design

T

The size of optical and mechanical
components in Littrow and Littman
ECDL were systematically reduced
to enhance thermal and mechanical
stability of the laser cavities.
Exemplary, in Fig. 1 the dimensions

Fig. 1. Size reduced of a Littrow ECDL are shown.
Littrow ECDL.

Various reflecting elements (mirror, prisms) were employed
In Littman ECDL. Exemplary, in Fig. 2 the tuning behaviour

of a laser using a mirror and a prism, respectively, Is

compared. A laser diode with 815 nm central wavelength

was utilized in this experiment. The laser cavity

IS not realigned during wavelength tuning.
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Fig. 2. Comparison of the tuning
behaviour of Littman ECDL with
a mirror (red lines) and a prism
(black lines). (a) Output power vs.
wavelength without realignment of
the cavity. (b) Output power vs. tilt
angle of diffraction grating
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Fig. 3. Exemplary spectrum of a
free running FP diode (a) and of
the same diode in an ECDL (b).
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Fig. 4. High resolution emission
spectra of a Littrow ECDL using
a diode with (a) and without (b)
ar coating obtained with a Fabry
-Perot spectrometer.
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Fig. 5. Exemplary emission ranges
with less than 1 % side mode intensity
(green) for ECDL with diodes with and
without ar-coating at 780nm.

The cavity in which a

prism is employed can be tuned

from 795 nm to 830 nm with

constant output power, while the

cavity with a mirror shows stable

laser operation in a destinct wavelength
region only (Fig. 2a).

In Fig. 2b the influence of the tilt

angle of the grating on the output

power is shown. If a mirror is employed
In the Littman configuration, the tilt angle
has to be controlled within an accuracy of

0.05°, while for the design utilizing a prism,

the tilt angle is not very crucial.
It can be concluded, that the prism design
leads to significant simplification of
alignment procedures, while employment

of a mirror results in a higher output power.

In Fig. 3, the spectrum of a free
running FP laser diode (a) and of

the laser diode a in an Littman

ECDL (b) is shown.The free running
FP diode exhibits multi-mode
emission, which can be tuned by
several nm through temperature

and laser current. In an ECDL,
single-mode emission with the

same ar-coated diode (reflectivity< 2e-4)
can be achieved. The wavelength
tuning range in this example was
1325 nm to 1415 nm with mode
hop-free tuning regions of ca. 100
GHz. Employing FP lasers with
central emission wavelengths

of 633 nma ndat 852 nm, more
mode hop- free tuning ranges of

ca. 300 GHz and a coarse wavelength
tuning of more than 12 nm was
achieved. Single-mode emission

of the ECDL can significantly be
Improved by employing ar-coated

FP laser diodes (Fig. 4). Exemplary,

In Fig. 5 the laser frequency regions,
where the intensity of the side modes
were less than 1 % of that of the main
laser line, are compared for ECDL
using diodes with and without ar coating.







