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CWE? Very low threshold laser opera-
tion of an epitaxially grown Nd:YAG
waveguide
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The use of optical waveguide geome-
tries to maintain small spot sizes/high
intensities over relatively long lengths can
lead to high amplifications per unit pump
power and low laser thresholds in laser-
ion-doped materials. This has been suc-
cessfully demonstrated in glass optical
fibres,' and recently much work has been
carried out on crystal host waveguides.”
Here we report the fabrication and low
threshold laser operation of a very low
loss Nd:YAG planar waveguide grown by
liquid phase epitaxy.*

A 38-um deep layer of 15 at.%
Nd™-doped YAG was grown on an
undoped YAG substrate cut into 6-mm
long pieces. The index difference be-
tween the (higher index) doped and
undoped YAG is sufficient to form a pla-
nar optical waveguide. The laser cavity
was formed by butting plane dielectric
mirrors directly onto the polished end-
faces of the waveguide. These light-
weight mirrors were held in place by the
surface tension of a drop of fluorinated
liquid. Initial tests were carried out using

an R6G dye laser as the pump source,
tuned to the strong Nd* absorption
around 590 nm. Using high reflectivity
mirrors an end launched threshold pump
power of 0.67 mW was obtained (assum-
ing 100% launch efficiency). The 6-mm
long waveguide absorbs virtually all this
light.

The output was in the fundamental
mode of this multimode guide, with a
14-um spot size (1/¢" half width of inten-
sity) measured perpendicular to the guid-
ing layer. This is in fair agreement with a
calculated value of 16.5 um in which we
assumed an index differenge of 0.06%,
which is the quoted value, for 1 at.%
Nd”-doped YAG. From the observed
laser threshold and the measured pump
and signal spot sizes, we can put an
upper limit on the propagation loss of
0.05 dB/em. This is less than the best
losses reported for Nd:YAG crystal fibers,’
and approaches that of bulk Nd:YAG."

Diode-pumped operation has also been
demonstrated using a single-mode
100-mW GaAAs diode laser
(SDL-5412-H1). Using a nominally 83%
reflectivity output coupler we obtained
the results shown in Fig. 1. A best fit to
the experimental points gives a slope effi-
ciency with respect to launched power
(assuming 100% launch efficiency) of
40+3%. The threshold is consistent with
the losses being dominated by the mirror
transmission.

Directly coating the end-faces and opti-
mization of the guide depth and index
difference should further improve upon
the waveguide laser performance we have
obtained to date. Production of channel
waveguides, possibly by etching tech-
niques, could aiso give considerable
improvement if the low loss can be main-
tained. As there are many alternative
laser transitions for YAG doped with Nd*
and many alternative dopants, such as
Er”, Tm", Cr", etc., it is clear that poten-
tially a wide range of different lasers
could benefit from this epitaxial wave-
guiding arrangement. Since the epitaxial
growth technique should be applicable to
other host crystals, the scope for develop-
ment is extremely wide indeed.
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CWE7 Fig. 1. Output power vs

launched power for diode-pumped
Nd:YAG planar waveguide.




