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Continuously tunable external-cavity diode
laser with a double-grating arrangement
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A new external-cavity diode laser system based on an extended version of the Littman configuration is
investigated. In our laser system the tuning mirror is replaced with a second grating mounted at the
Littrow angle. This double-grating design provides a smaller passive bandwidth than the grating-mirror
configuration, which is used to compensate for the large angle-of-incidence-dependent losses of the grazing-
incidence grating. This results in a broader continuous tuning range with an improved mode stability.
Because two laser diodes, emitting at 820 and 775 nm, respectively, are used, the external-cavity laser is
continuously tunable without mode hops across 35 nm at 820 nm and 27 nm at 775 nm. Such a laser was
used to measure the absorption lines of the oxygen A band around 762 nm. The complete R- and P -rotational
branches of the b 1
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Broadly tunable external-cavity diode lasers with emis-
sion wavelengths in the visible and the near-infrared
spectral regions are compact and reliable light sources
that are increasingly used in a variety of applica-
tions, including high-resolution spectroscopy, gas sens-
ing, and metrology. Commonly such a laser system
consists of an antiref lection-coated laser diode located
inside an external grating cavity and therefore serv-
ing as an active material with a broad gain spectrum.
The strong wavelength-selective feedback of the grat-
ing in combination with the enlarged resonator length
forces the laser diode to operate in a single longi-
tudinal mode with a small linewidth. In addition,
these lasers are continuously tunable across the gain
spectrum of the diode by use of suitable resonator
configurations. This was demonstrated recently by
application of Littrow and Littman configurations:
With Littrow arrangements, wavelength tuning with-
out mode hops of 15 nm around 1.26 mm, of 25 nm
around 1.55 mm, and even 82 nm around 1.54 mm
were obtained.1 – 3 However, owing to the poor cavity
dispersion of Littrow resonators, generally prism beam
expanders or additional wavelength-selective elements
such as étalons have to be used to achieve good mode
stability.4 The Littman–Metcalf conf iguration con-
sists of a grating mounted in grazing incidence and
an external tuning mirror.5,6 In this configuration the
grating itself acts as a beam expander, and no addi-
tional wavelength-selective elements are needed to ob-
tain stable single-frequency operation. However, the
grating losses increase at greater angles of incidence,
resulting in a higher laser threshold and therefore in
a reduced tuning range. External-cavity diode lasers
with a grating mounted at an angle of incidence of 85±

show a typical continuous tuning range of 15–20 nm at
770 nm and of 20–25 nm at 803 nm.7,8 Unlike those
systems, a tuning range without mode hops of more
than 40 nm at 825 nm has been obtained by use of a
grating with an angle of incidence of 75±.9 However,
owing to the larger spectral bandwidth, small f luctua-
tions of temperature or density or acoustical vibrations
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might reduce the performance of the laser system, es-
pecially the mode stability.

In this Letter we report what we believe to be
the first realization of an external-cavity diode laser
based on an extended version of the Littman–Metcalf
configuration. The laser system has an improved
mode stability combined with a broad, continuous
tuning range.

In contrast with the previously described external-
cavity diode lasers, a Littrow grating is used in our
new laser system, thus replacing the tuning mirror.
This double-grating arrangement was f irst investi-
gated theoretically by Littman10 and experimentally
by Shoshan and Oppenheim11 in terms of the devel-
opment of narrow-band pulsed dye lasers. Following
their treatment, the passive bandwidth (in inverse sec-
onds) of the combination of a grazing-incidence grating
and a Littrow grating is
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where c is the velocity of light, w is the beam radius, d1
and d2 are the groove spacings of the grazing-incidence
grating and the Littrow grating, respectively, and m1
and m2 are the corresponding diffraction orders. a1 is
the angle of incidence, b1 is the diffraction angle of the
first grating, b2 is the Littrow angle of the second grat-
ing, and l is the laser wavelength. Equation (1) sim-
plifies for the grating–mirror combination (m2 ­ 0) to
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By comparing Eqs. (1) and (2), one finds that the
double-grating configuration permits a bandwidth
that is a factor of 1 1 d1 cos b1y2d2 cos b2 smaller
than that of the grating–mirror cavity sm1 ­ m2 ­ 1d.
At a fixed groove spacing of the grazing-incidence grat-
ing, this reduction is strongly dependent on the groove
spacing of the Littrow grating. Using a Littrow grat-
ing with a grating period of 1200 mm21 and a typical
 1997 Optical Society of America
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angle of incidence of 80± at a wavelength of 770 nm, we
find that the bandwidth is reduced by a factor of 1.3.
However, by using the same parameters but a grat-
ing with twice the above-mentioned grating period,
one can achieve a reduction factor of 2.6. Therefore
the angle of incidence a1 can be reduced for opera-
tion with a given bandwidth. This reduces cavity
losses, and hence the tuning range increases. In
addition, the double-grating arrangement permits syn-
chronization of the cavity mode scan and the feedback
wavelength scan by means of a simple mechanical
construction, and therefore wavelength tuning with-
out mode hops, as shown in Ref. 12. Finally, the
dependence of the wavelength on the rotation angle
of the tuning element is smaller in the case of the
double-grating design than in the grating–mirror
configuration. Hence, the laser can be tuned with
high-frequency resolution.

The schematic of our external-cavity diode laser is
shown in Fig. 1. It consists mainly of a semicon-
ductor laser, a collimating lens, and two diffraction
gratings. For our experiments, we used two differ-
ent laser diodes operating at wavelengths of 820 and
775 nm (Hitachi HL8312 and HL7806), respectively.
The front facet of each laser diode is antiref lection
coated and has a residual ref lection of the order of
1024.13 The rear face of each diode serves as a reso-
nator end mirror. The emission of each laser diode
is collimated by an antiref lection-coated aspheric lens
with a focal length of 4.5 mm and a numerical aper-
ture of 0.55. Both the laser diodes and the lens are
built in a collimator housing, which allows fine adjust-
ment of the collimation and the position of the laser
diodes perpendicular to the optical axis. The tempera-
ture of this module is actively stabilized by a thermis-
tor and a Peltier module in a feedback system with a
stability of the order of 1 mK. A gold-coated grating
with an inverse groove spacing of 1800ymm is mounted
at an angle of incidence of 81±. The specular ref lec-
tion of this grating serves as an output beam, whereas
the f irst-order diffracted beam is coupled back to the
laser diode by means of a highly efficient gold-coated
1200ymm Littrow grating. This double-grating con-
figuration has a bandwidth of 6.2 GHz, in contrast
with the single-grating bandwidth of 8.3 GHz. The
resonator length is approximately 5.5 cm, correspond-
ing to a longitudinal mode spacing of 2.8 GHz. Con-
tinuous wavelength tuning is accomplished by a pure
rotation of the Littrow grating around a special pivot
point. Therefore the grating is mounted at the end
of an arm, which is fixed at a dc-motor-driven pre-
cision rotation stage. The ideal pivot point given in
Ref. 12 is computed for a resonator without disper-
sive elements inside. It is located at the intersec-
tion of the surface planes of the Littrow grating, the
grazing-incidence grating and the laser diode. Ow-
ing to the correction of the dispersion of the diode
chip and the collimator, this pivot point is slightly
shifted from the ideal position and has been ad-
justed in our system by means of an x–y trans-
lation stage.

In the top part of Fig. 2, the tuning curve of an op-
timized 820-nm laser system is shown. At an injec-
tion current of 90 mA and a temperature of 20 ±C the
laser is tunable without mode hops in the wavelength
range from 805 to 840 nm in a single longitudinal
mode. We examined this by observing the frequency
scan of a scanning Fabry–Perot interferometer with a
free spectral range of 10 GHz and a finesse of 180. In
addition, the tuning curve was carefully investigated
for abrupt power jumps, which are typical indications
of mode hops. At the center of the tuning curve at
820 nm a maximum output power of 6 mW is achieved.
The modulation of the output power is caused by the
weak residual ref lection of the front facet of the laser
diode, forming a low-quality resonator. The free spec-
tral range, i.e., the modulation period of the power
tuning curve, therefore depends on the chip length of
the laser diode and was estimated to be 130 GHz. Ap-
plying the system’s maximum tuning speed, the whole
tuning range is scanned within 4 s, which corresponds
to an average wavelength scan rate of nearly 9 nmys.
In comparison with the rate of our single-grating laser
system this scan rate is slightly reduced owing to the
smaller dependence of the wavelength on the rotation
angle of the Littrow grating, as mentioned above.

The dependence of the output power on the wave-
length for our 775-nm external-cavity laser system
is shown in the bottom part of Fig. 2. The laser is
continuously tunable from 758 to 785 nm with an
output power of 4.5 mW at the peak of the tuning
curve at 775 nm. By using the same components in
a single-grating Littman configuration but with an
angle of incidence on the grating of 84±, we achieved
a continuous tuning range of 20 nm. This value is
,7 nm smaller than that of the previously discussed
double-grating laser system and comparable with the
above-mentioned external-cavity diode lasers.7,8 In
our investigations the laser diode was operated at
an injection current of 96 mA and a temperature of
20 ±C. In the left part of the tuning curve around
762 nm several absorption lines of the spin-forbidden
b 1
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sition of gaseous oxygen (A band) in ambient air
appear.14 Considering the separation of the laser
system and the detector of only 3 m, the lines are well
resolved in spite of the large power modulation.

Fig. 1. Schematic of the double-grating arrangement.
AR, antiref lection.
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Fig. 2. Output power versus wavelength for the 820-nm
laser system (top) and for the 775-nm external-cavity laser
(bottom). Wavelength tuning is performed without any
mode hop across the entire spectra. The expanded view
of the 775-nm tuning curve shows several absorption lines
of atmospheric oxygen.

Fig. 3. Absorption spectrum of the oxygen A band,
measured in ambient air. Temperature 22 ±C, pressure
1013 hPa, absorption length 40 m.

The sensing of oxygen was demonstrated by mea-
surement of several absorption lines in a small
wavelength interval by application of Fabry–Perot
laser diodes.15 More recently, distributed-feedback,
vertical-cavity surface-emitting, and external-cavity
diode lasers were used for this purpose.16,17 However,
only a limited range of the complete A band was
detected, owing to the tuning limits of the used lasers.
Therefore we measured the absorption spectrum of
atmospheric oxygen in the whole wavelength range
from 758 to 771 nm in a single scan. For this mea-
surement the output of our laser system is split into
three beams: one beam is coupled into a wavemeter
(Burleigh WA-4500) for a precise wavelength deter-
mination. A second beam is directed onto an Si
photodiode located a small distance from the laser
and is used as a reference signal to eliminate the
modulation of the output power. The main portion
of the output beam is coupled into a multipass re-
f lection arrangement, permitting a total absorption
path length of approximately 40 m. The output
light of this Herriot cell is detected by a second
Si photodiode. Both the reference signal and the
absorption signal are registered and processed by a
data-aquisition system. In Fig. 3, the result of our
measurement is shown. All absorption lines of
the R-rotational and the P -rotational branches of
the A band with transition strengths larger than
5 3 10226 cm21y(molecules cm22) were detected, which
we verif ied using the HITRAN database.18 An improve-
ment of the sensitivity, so that the absorption path
length can be reduced, is possible when advanced spec-
troscopic techniques such as wavelength-modulation
spectroscopy and harmonic detection are applied.
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