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Littrow configuration tunable external cavity diode laser with fixed
direction output beam
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We have developed an enhanced Littrow configuration extended cavity diod¢H&der) that can

be tuned without changing the direction of the output beam. The output of a conventional Littrow
ECDL is reflected from a plane mirror fixed parallel to the tuning diffraction grating. Using a
free-space Michelson wavemeter to measure the laser wavelength, we can tune the laser over a
range greater than 10 nm without any alteration of alignment.20®1 American Institute of
Physics. [DOI: 10.1063/1.141921]7

Extended cavity diode lasers are commonly used irLT230P5-B fixed to a modified mirror mountNewport
many experiments in optical and atomic physicsThese U100-P. Our tuning diffraction grating is gold coated, with
take advantage of efficient low-cost diode lasers, and us&800 lines/mm on a 1815x3 mnT substrate(Richardson
frequency selective feedback to achieve narrow linewidthGrating Laboratory 3301FL-330HTypical diffraction effi-
and tunability. Frequency selective feedback is typicallyciency is about 15% with up to 80% directly reflected to
achieved via diffraction gratings in either the LittrdW§ or ~ form the output beam. The grating is attached to the front
Littman—Metcalf configuration$° face of the modified U100-P, which provides vertical and

In the more common Littrow configuration, first-order horizontal grating adjustment. A 1-mm-thick PZT piezoelec-
diffraction from the grating is coupled back into the lasertric transducer disk under the grating is used to modify the
diode, and the directly reflected light forms the output beamcavity length for fine frequency tuning, and may also be used
This particularly simple and effective configuration can beto dither the frequency for an ac locking system. A tempera-
used with inefficient gratings to reduce the feedback and inture sensor(10 k() thermistoy and Peltier thermoelectric
crease the output power, hence, improving overallcooler(Melcor CP1.4-71-045L, 3030x3.3 mnt) are used
efficiency®® Unfortunately, the output beam direction is for temperature control. Our lasers typically produce 40 mW
wavelength dependent, leading to alignment problems wheat 780 nm using 70 mW Sanyo diod@L-7140-202. Their
tuning the laser. This can be circumvented by using an intlinewidth is better than 400 kHz and the lasers remain locked
racavity beamsplitter as an output couget;?but it is dif-  to a saturated absorption peak in a Rb vapor cell for hours or
ficult to avoid losses via direct reflection of a second outpudays. The wavelength can be tuned discontinuously over a 10
beam from the grating, and the beamsplitter must be of higihm range by rotation of the grating alone, and over a wider
quality to minimize losses and prevent secondary cavity forrange with suitable temperature adjustment.
mation. Our main modification is the addition of a single plane

The Littman—Metcalf design uses a grating at near grazmirror, fixed relative to the tuning diffraction grating with a
ing incidence, with the first-order diffracted beam reflectedsimple mount(Fig. 2) attached rigidly to the arm of the ex-
back to the grating and diode laser by an additional mirroristing laser by two screws. The laser beam reflects from the
The wavelength in this case is selected by the mirror anglegrating and then from the mirror. As the grating is rotated by
so that the grating and the zeroth-order reflected output beamy, the beam reflected by the grating is deflected by twice
remain fixed with wavelengthCompared to the Littrow ar- that angle, 26. Since the mirror rotates by the same amount,
rangement, this design is more complex, requires a larggfhen this beam is then reflected by the mirror, it is deflected
grating and an additional mirror, and typically has lower out-hack by 26, so that the output beam direction remains con-
put efficiency. stant. The mirror is conveniently arranged parallel to and

We demonstrate a very simple modification to Littrow acing the grating, but their relative angle does not affect the
configured extended cavity diode laséECDLS) to produce  directional stability of the output beam.

a fixed direction output beam, with negligible expense in  \ye have found a more elaborate version of this scheme
output power, and avoiding intracavity optics. We refer to thejescribed for use with CQasers some 30 years ajoOur
popular ECDL design of Arnold, Wilson, and BosfiéFig.  design for ECDLs is simpler and readily applied to laser
1), though our modifications can also be applied to othelystems now in widespread use. The compact nature of our
arranggmené?*g The ECDL consists of a laser diode and arrangement is also advantageous. As the grating angle is
aspheric collimating lendf=4.5 mm 0.55 NA, Thorlabs  gjtered, the relative position of the beam on the mirror also
C230TM-B) mounted in a collimation tube(Thorlabs  changes, introducing a small lateral shift in output beam po-
sition. For small changes in grating angl®, the output
dElectronic mail: r.scholten@physics.unimelb.edu.au beam is displaced hx~2L A 6, whereL is the distance the
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PZT STACK stack from the high pressure at the ball end of the adjustment
screw, it is protected with a small brass cap as shown in Fig.
2. The piezodisk is used for frequency feedback locking to
an atomic transition, but the broad frequency off-set adjust-
ment provided by the stack reduces the voltage range re-
quired on the disk, below the 1000 V used in the original
design® Indeed, the lasers lock well even when the disk is
|« GRATING operated within the standard range of low-voltage analog
electronics(0—15 V). The laser frequency noise is strongly
\_ affected by electrical noise on the stack supply due to the
PZT DISK high-voltage sensitivity of the stadR.2 MHz per m\j. With
low-pass passive filtering of the stack voltage, two identical
lasers were locked to Zeeman-dithered atomic resonances in
rubidium?®® and the rf beat between them observed with a
fast photodiode. We measured a combined width of 525 kHz,

_ _ - o averaged over 100 s, corresponding to individual laser line-
FIG. 1. Littrow configured ECDL with fixed output beam direction, based widths of 370 kHz.

on the design of Arnold, Wilson, and Boshigkef. 6).
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In addition to the thermistor used for temperature con-

trol, an LM35 semiconductor sensor on the collimation tube

beam travels betwee_n the gratmg and the mirror. For_ a tunlnBrovides independent readout, isolated from the temperature
range of 1 GHz, typical for tuning through an atomic reso-¢qhirgier circuit, with a simple 10 mv/°C calibration.
nance or during laser cooling studies, dnet15 mm, the Several further improvementsot shown include a la-
displacement is only 80 nm. This is insignificant for mostge, ginde protection board with passive filtering to remove
appllcatlons._ i _current transients and a relay that trips to short the laser
Small shifts can be corrected by translating the grating,nen not in use or when the power cable is disconnected.
with a dc voltage on the gxisting piezodisk, typically about ; |asers are mounted to a heatiykg) metal base to pro-
200 V for 80 nm. Larger displacements can be corrected by, e jnertial and thermal damping. The base is isolated from
manually translating the mirror or grating, or using external,[he optical bench by a thick layer of inelastic polynior-
optical elements. For example, the output beam could bBothane and enclosed with an aluminum cover, which is
passed through a tilted optical flat, rotated appropriately tQ,\q, jsojated from the laser by strips of Sorbothane. This

correct the lateral beam shift. Alternatively, the output beamypiq|qs the laser from air currents, improves temperature sta-
can be reflected from another mirror fixed to a I'nearbility and further dampens acoustic vibrations

translator® A particularly elegant solution to the problem "y output beam directional stability was demonstrated
uses a dihedral configuration of grating and mirror: by rotat-by monitoring the wavelength in real time as the grating
ing both grating and mirror about a pivot point at the i”ter'angle was adjusted, using a Michelson waveniftecated

section of their surface planes, the output beam is fixed ir1_5 m from the laser. Despite the high sensitivity of the
both direction and displacemelftUnfortunately, this cannot wavemeter to angular misalignment, we were able to track

be achieved using commercially available mirror mounts ofy,, change in wavelength over the maximum laser tuning

the type used here. range of 10.5 nm without the need for any realignment. This

_ Figure 1 also shows additional modifications to the prey 4y elength change would normally shift the output direction
vious desigrf, in particular, the addition of a stacked piezo- of the laser beam by 1.2°, and cause a displacement at the

electric transducer(Tokin AE0203D04. The piezostack avemeter of 3 cm. With the additional mirror, the angle was

drives the g.rating-mirro'r pivot arm, and. hence the gratingunchanged, and the lateral shift was negligit@iet mm.
angle, allowing electronic wavelength adjustment of 20 GHz |, cncjysion, the simple modifications described here

over the 100 V range of the stack. To prevent fracture of th%an easily be made to many existing Littrow configuration

external cavity diode lasers, greatly enhancing their ease of
use in many laser cooling, spectroscopy, and other atomic
physics experiments.
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