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CFH3 Fig.3. Frequency change during ther-
mal vacuum test for a temperature range from
—40°C to +40°C.

remained in a 400 MHz range without any active
temperature compensation electronics.

All tests were sucessfully passed, even me-
chanical shocks with 1500 g in 3 axes had no in-
fluence on the optical or electrical performance
of the device.

Conclusion

Full suitability for space applications of an ultra
stable NPRO Laser Transmitter has been success-
fully demonstrated for the first time with an ex-
tensive space environmental test program.” All
tests were passed successfully.
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Amplification of cw and high repetition rate
pulsed radiation in an ultra-compact
Nd:YAG planar wavegulde power amplifier,
face-pumped by diode bars.
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Riccarton, Edinburgh. EH14 4AS; E-mail: H.J.
Baker@hw.ac.uk

Recently we have reported operation of the pla-
nar waveguide type of Nd:YAG laser at up to 121
W cw output, using a 200 mm thick, 1.1 % at. Nd
doped active layer, diffusion bonded to 400 pm
non-doped YAG claddings.!"? This is face-
pumped by ten cw diode bars in a configuration
using a slotted ~mirror pump chamber.” The
waveguide section is 11 mm X 60 mm in area,
with 50 mm pumped length. To demonstrate the
power output and efficiency, the waveguide laser
has initially been operated with external plane
mirrors in a multi-mode cavity, showing that the
laser is capable of sustaining continuous pump-
ing without damage when mounted in a water
cooled transverse flow pump chamber. An overall
optical conversion efficiency of 28% has been
achieved.
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In this paper we emphasise the excellent am-
plifier capabilities of the planar waveguide for-
mat. The active layer is currently pumped with a
power density of 4 kW.cm™, very much larger
than conventional bulk rod and slab lasers. Con-
sequently the cw gain coefficient is high, making
the planar waveguide an ideal candidate for am-
plification of the low power diode pumped
Nd:YAG now available using mini-rod or mi-
crochip configurations. Thése offer excellent
beam quality and are readily matched to the fun-
damental transverse waveguide mode of the am-
plifier. Initially we have used a 200 mW cw source
laser with M?<1. 2 to characterise cw gain coeffi-
cients, beam quality preservation and polarisa-
tion characteristics. In single-pass measure-
ments, the gain coefficient is measured at
between 25 and 32 m™" at full pump power. The
transmitted beam quality in small signal amplifi-
cation is only weakly dependent of pump power,
with a transverse value of ~1.7. The linear polari-
sation is unchanged by amplification to within
measurement uncertainty. These results show
that the planar waveguide amplifier, which sup-
ports many modes in the 200 um thick core, can
operate as a high beam quality source, largely un-
affected by pump level variations, when correctly
coupled to a single transverse mode source.

To exploit these characteristics, we are cur-
rently investigating a MOPA system, consisting of
the 200 mW cw source laser and alternatively a
passively Q-switched microchip laser, an isolator
and multi-pass optics for the amplifier. In the Q-

switched case, the typically 1 ns duration, 20-40.

kHz pulse rate of the source will have average
power characteristics similar to the cw case, but
realise pulse energies typically 100 times the
present microchip laser energy, giving peak pow-
ers suitable for micro-machining applications.
The beam folding system uses 5 passes through
the amplifier with a continuously diverging beam
in the lateral direction, combined with transverse
mode maintaining optics in the transverse direc-
tion, It is expected that further development of
this approach will provide an ultra-compact,
high beam quality laser source to powers beyond
100 W.
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Ti:sapphire planar waveguide coherent
broadband emitter
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Institute of Applied Optics, Department of
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In recent years, broadband fiber interferometers
have become very popular as basic instruments
used in optical coherence tomography (OCT) for
imaging applications in the biomedical field.! A
major challenge in the further development and
applicability of OCT has been the improvement
of both its spatial resolution and dynamic range.
The longitudinal resolution is inversely propor-
tional to the optical bandwidth of the light
source. Broadband luminescence from transi-
tion-metal-ion doped materials (e.g., Ti:sap-
phire) can significantly improve the longitudinal
resolution’ compared to superluminescent
diodes (~30 nm FWHM), but the low brightness
of its luminescence is insufficient for achieving a
useful dynamic range in OCT. Femtosecond
lasers have, therefore, been used as large-band-
width high-brightness light sources, and subcel-
lular imaging has recently been demonstrated in
this way.” However, current femtosecond light
sources do not necessarily meet the requirements
of compactness, ease of use, and low cost.

We present here a simple broadband light
source based on a Ti:sapphire planar waveguide.
It operates in a wavelength region near 800 nm,
applicable to the investigation of biotissue and
detectable with simple silicon diodes, with a
bandwidth comparable to that of a femtosecond
light source. We generate output powers of sever-
al hundreds of pW with high transverse confine-
ment. This level of brightness is several orders of
magnitude larger than that obtained from simple
broadband light sources based on black-body ra-
diation, whose output power in a single mode is
in the sub-puW range.* With this brightness, a lu-
minescent light source can provide a dynamic
range in OCT that is sufficient to replace a fem-
tosecond light source in a number of applica-
tions.

The Ti:sapphire planar waveguide investigat-
ed was grown by pulsed laser deposition® and
contained approximately 0.1 wt.% of Ti,O;. The
dimensions were 9 mm in length and approxi-
mately 10 pm in thickness. The sample was
pumped by an all-lines continuous-wave 1-W
Ar-ion laser. The pump light was focused into the
guiding layer by a X 16 microscope objective. The
coupling efficiency was 85%. The effective ab-
sorption length was 3.0 mm, leading to 95% of
the launched pump light being absorbed.

Measurements of the output power (Fig. 1)
were taken with an incoupling mirror only,
which transmitted approximately 86% of the
pump light. The maximum output power was
318 pW, with a corresponding slope efficiency of
5x107™*. The spectral bandwidth of the output
spectrum (Fig. 2) was ~132 nm FWHM. While
the reflectivity of the incoupling mirror was
largest around 730 and 870 nm, the largest in-
crease in spectral output power compared to a
measurement without incoupling mirror oc-
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CFH5 Fig. 1. Input-output curve of the
Ti:sapphire planar waveguide.
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CFH5 Fig. 2. Luminescence spectrum (~132
nm FWHM) of the Tiisapphire planar wave-
guide.

curred in the Ti:sapphire gain maximum around
800 nm, indicating that a small gain was present
in the one-mirror waveguide configuration. The
luminescence mode profile in the unconfined
axis was concentrated within an angle similar to
that of the diverging single-mode pump beam. In
the confined axis, the output was single-mode.
Single-mode operation is a requirement for effi-
cient coupling into a single-mode fiber interfer-
ometer for OCT.
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End-Pumped Double-Clad Waveguide Laser
J.I. Mackenzie, C. Li, and D.P. Shepherd, H.E.

. Meissner,* Optoelectronics Research Centre,

University of Southampton, Highfield,
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The use of a double-clad guiding structure to al-
low efficient pumping by non-diffraction-limit-
ed high-power diodes, and yet still obtain diffrac-
tion-limited laser output, has been extensively
studied in optical fibres'. Recently, a one-dimen-
sional version of this technique has been applied
to planar waveguides, allowing the development
of very compact, proximity-coupled, diode-bar
side-pumped waveguide lasers’>. CW powers of
>10W have been obtained in this way® but, with
the use of a monolithic plane/plane cavity, the
output is still highly non-diffraction-limited in
the non-guided direction. Here we investigate the
use of similar double-clad structures end-
pumped by a 4W broad-stripe diode obtaining
>1W in a beam with measured M? values of 1.0
by 1.8. Figure 1 shows the waveguide structure
used in these experiments.

The lcm long guide was fabricated by direct
bonding by Onyx Optics. The 4W 808nm broad-
stripe diode laser was obtained from Boston
Lasers and has an emission width of 200um. Af-
ter fast-axis collimation the diode had measured
M? values of 4 by 40 in the fast and slow axes re-
spectively. The large numerical aperture (NA)
sapphire/YAG guide can easily contain the fo-
cused diode light, which is gradually absorbed by
the central doped region. In contrast to double-
clad fibres, where a strictly single mode core is
normally used at the expense of a large increase
in the absorption length, here single guided
mode laser operation is obtained due to the re-
striction of the gain to the central region of a
multimode composite guide. This design allows a
much smaller increase in absorption length and

so is more suited to compact planar devices. Due
to the better beam quality of the broad stripe
diode in the slow axis compared to diode bars,
simple cylindrical lens focusing can lead to effi-
cient end-pumping with a relatively narrow gain
region, allowing near-diffraction-limited output
from a plane/plane monolithic cavity. Initial re-
sults have given M? values of 1.0 by 1.8 in the
guided and non-guided planes for operation at
1.064um, with output powers of up to 1.3W. Fig-
ure 2 shows a typical output mode imaged onto a
CCD camera.

Lasing at 946nm and 1.32um has also been
demonstrated and, without optimization of the
output coupling, >0.5W and >0.3W of output
power have been obtained respectively. Increas-
ing the output power to several Watts by polar-
ization coupling of two pump diodes, the use of
integrated components such as passive g-switch-
es® to increase functionality, and moving to
wavelengths which can be harder to produce as
bulk lasers such as 3um Er:YAG, could make this
an attractive option for compact laser sources.
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