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Frequency-narrowed external-cavity diode-laser-array bar
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We demonstrate that appropriately designed external cavities can be used to frequency narrow high-power
diode-array bars. Using a commercial 20-W array, we narrow the linewidth to 50 GHz with 14 W of cw output
power. A magnifying telescope and a cylindrical collimating lens minimize broadening owing to curvature in
the alignment of the diode-array elements. © 2000 Optical Society of America

OCIS codes: 140.0140, 140.2010, 140.2020.
A number of applications, including spin-exchange
optical pumping,1 terahertz generation,2 and lidar,3

need high-power narrow-bandwidth tunable laser
light. Inexpensive diode-laser arrays produce tens to
hundreds of watts of cw power but typically with 1-THz
linewidths. External-cavity diode lasers are widely
used to frequency narrow low-power single-mode
diode lasers.4 Recently we demonstrated frequency
narrowing and tuning of multimode single- and
dual-gain-element broad-area diode lasers and used
a 2.5-W 80-GHz broad-area diode laser for improved
spin-exchange optical pumping.5 Although the power
available from broad-area lasers is steadily increasing,
it is clearly of interest to attain similar frequency
narrowing with the much higher powers available
from diode-laser arrays.

In this Letter we describe the use of an external-
cavity design to frequency narrow and tune commercial
diode-laser arrays. Our external-cavity diode-laser
array (ECDLA) produces 14-W output power from a
20-W array, with a linewidth of 60 GHz or less. This
laser configuration will be of great interest for the
applications mentioned above.

An array consists of a large number of emitters
arranged in an approximately straight line. The light
from the elements has a typical diffraction-limited 40±

divergence angle in the direction perpendicular to the
array and a 10± multimode divergence angle parallel to
the array, with substantial astigmatism.6 The princi-
pal diff iculty in using an external cavity to frequency
narrow arrays is the large etendue �area 3 solid angle�
of the array. Light from each emitter needs to be
appropriately collimated, ref lected off a diffraction
grating at a uniform angle, and imaged back onto
the emitter with high efficiency. Spectral narrowing
is further complicated by a small curvature of the
“linear” array (“smile”) produced in the manufacturing
process. The array elements are typically offset by
3 10 mm over the 1-cm length of the array. Compen-
sation for smile is essential for good performance.

Our external cavity (Fig. 1) uses a fast cylindrical
lens to collimate the rapidly diverging light along the
x̂ direction. Following the cylindrical lens, an afocal
magnifying lens combination (telescope) images the ŷ
dimension of the array onto the grating with magnifi-
cation M , while also expanding the collimated light by
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a factor M . The grating, which is in a Littrow mount
with grooves parallel to ŷ, provides feedback to the
laser gain elements. The laser output is taken from
the zeroth-order ref lection off the grating.

For light striking the grating with direction
ẑ cos a cos f 1 ŷ sin a 1 x̂ sin a sin f with respect to
the optical axis, the Littrow feedback condition is

l � 2d sin�u 2 f�cos a ,

or

dl�l0 � 2a2�2 2 f cot u , (1)

where l0 � 2d sin u, u is the angle between the optical
axis and the grating normal, dl � l 2 l0, and the
angles a and f are assumed to be small. Thus
spreads in a (from the divergence of the light emitted
from the laser) and f (from smile) both result in
broadening of the laser spectrum.

The telescope reduces the angular spread in the ŷ
direction from a0 at the laser to a � a0�M at the grat-
ing. From expression (1), this reduces the broadening
by a factor of M2. More importantly, the afocal nature
of the telescope means that the angular spread of rays
at the grating from off-axis elements is symmetrically
centered around zero. We tried a number of imaging
methods with finite focal-length lens systems but were
unable to reduce the linewidth below 150 GHz.

The telescope also reduces the spread in angles that
results from smile to f � x�Mfc, where x represents
the amount of smile. The resulting laser linewidth
that is due to smile is

dl

l
�

x cot u

Mfc
. (2)

Fig. 1. Diagram of the external-cavity diode-laser array,
with selected rays.
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Thus to minimize the contribution of smile to the
linewidth it is desirable to use a long fc, a large
magnification, and a large diffraction angle.

For our initial realization of an ECDLA we used a
commercial 20-W 1-cm-long 46-element diode-laser ar-
ray at 801 nm, with a 670-GHz bandwidth.7 The ar-
ray was selected by the manufacturer to have smile
,1 mm, and we verif ied this by direct measurement.
For the intracavity lenses we used a fc � 0.73 mm cylin-
drical meniscus lens with a 43 telescope made from a
50-mm f�2 lens and a 200-mm f�4 lens. Both achro-
mats and singlet lenses gave similar results, suggest-
ing that aberrations are not a serious problem. Our
2400-line�mm, 5.0-cm holographic diffraction grating
has a Littrow angle u � 72± at 800 nm. We mounted
the grating on a rotatable stage to allow the grat-
ing grooves to be exactly parallel to the orientation
of the array. To optimize the feedback we included
a rotatable half-wave plate in the cavity to exploit the
polarization sensitivity of the grating. With these pa-
rameters, the smile contribution to the linewidth from
Eq. (2) is 40 GHz.

We measured the linewidth by use of a parallel-plate
Fabry–Perot cavity with finesse �20. The linewidth
of the entire array increases from less than 20 GHz just
above threshold at 8-A injection current to approxi-
mately 60 GHz at 27 A. The spectrum of a single
emitting element broadens from less than 15 GHz at
low current to 30 GHz at high current. Since the
line shape is not well characterized by a Gaussian,
we quote the linewidth as the frequency window that
contains 64% of the power. To operate safely below
damage thresholds we limited the intracavity power to
be less than the specif ied 20-W maximum of the diode
array, corresponding to a free-running power out of
the array of 18 W. With careful small adjustments of
the lenses about their design positions and adjustment
of the wave plate, we typically obtain 12.2-W output,
with a 60-GHz linewidth. Our best results showed a
47-GHz linewidth with corresponding spectral power
of 250 W�THz. As shown in Fig. 2, the spectral
power is approximately a factor of 10 greater than
that of the free-running array. We note that the
spectral power from this 20-W array exceeds that of
a typical 100-W array by a factor of 2. We have also
used three-lens telescopes that give shorter cavities
with similar performance.

With no l�2 plate in the cavity, the output power
from the grating is 80% of the total power from the ar-
ray. The fraction of the output power in the narrowed,
tunable peak decreases with increasing current, from
85% at 10 A to 68% at 27 A.

Tunability of the center laser frequency is also of
interest for applications such as spin-exchange optical
pumping, which require precise frequencies. Typi-
cally, temperature tuning can be used to provide
2–3 nm of tuning. The added tunability of the
external-cavity design allows a larger tolerance on
the free-running laser wavelength for applications
requiring a specific wavelength. In Fig. 3, we show
the tuning range of our laser. As the laser was
detuned by more than �1 nm from its free-running
central frequency, the fraction of the spectrum in the
narrowed peak decreased, resulting in reduced nar-
rowed power.

As expected, the linewidth increases for arrays with
large amounts of smile. Using a longer-focal-length
(3.35-mm) cylindrical lens, we obtained a 120-GHz
bandwidth for an array with 10 mm of smile. Using
an array with 3 mm of smile, we found that the central
peak of the frequency spectrum was �60 GHz, but
only �85% of the light was in the central peak.

We also built an ECDLA with a Littman–Metcalf
external cavity.8 We used a 1200-line�mm blazed
grating, with performance similar to the Littrow case,
except for a typical 20% loss in power. Different
grating selection could improve the performance to
the level of the Littrow cavity.

We have not tested the cavity in pulsed operation,
although we see no reason why it would not work for
pulsed arrays as well as the cw arrays studied here.
In related work, Daneu et al.9 recently used an external
cavity to frequency broaden a diode array and allow the
individual elements to be combined into a single laser
beam with improved spatial mode quality.

We anticipate that the ECDLA demonstrated here
can be extended to stacks of diode-array bars, such as
those that are currently used to provide in excess of
100 W. In that case, each array in the stack will re-
quire its own cylindrical lens. As in this Letter, we ex-
pect the linewidth to be sensitive to the degree of smile
present in the individual bars, as well as the align-
ment of the bars, but is should be possible with present
technology to use the ideas presented here to generate
in excess of 75 W with less than 100-GHz bandwidth.

Fig. 2. Measured power spectra for the narrowed and un-
narrowed (free-running) diode array.

Fig. 3. Tuning range and power output of the narrowed
portion of the external-cavity laser spectrum.
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Such a source is well matched to the needs of spin-
exchange optical pumping.1 By use of measured pho-
ton eff iciencies,10 it should be possible to generate in
excess of 0.05 mol�h of spin-polarized Xe or He with Rb
as the spin-transfer partner, or potentially ten times
more with K as the partner.

This work was supported by the National Sci-
ence Foundation. T. G. Walker’s e-mail address is
tgwalker@facstaff.wisc.edu.
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