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Aim

- To develop a diodeQIaser pumped, CW, 1um laser

- architecture/design for a high power solid-state laser with single
mode, single frequency and diffraction limited output, suitable for
Gravitational Wave Interferometry. "

Main Issues

- Solid-state laser host
- Pump geometry

- Large Mode Volume & good Mode Discrimination: Resonator

Choice



Solid-state laser host

‘ '\mfﬂ um
. 'We considered/host materials such as: YLF, YAP Glass,

YAG, YVO,, GSGG:Cr, KGW, BeL, S-VAP, CWO, NGWO
and SGGM.

We have chosen Nd:YAG
e due primarily to'its good thermomechanical properties
o particularly high thermal conductivity. |



Pump Geometry

.o rectilinear slab geometry
- eliminates stress induced birefringence.

« zigzag optical path
- reduces thermal and stress induced focusing.

o side pumped and side cooled
- producing a scalable geometry.
(ie: pumpirg o coolirg in ‘we Some fb.m ) indegendent of Crysted \w.'ﬂ‘:\l' crLo.thk)
« pumped by fibre coupled diode-lasers
- for high inversion densities.
- allow pumping of specific region of gain medium.



Resonator Choice

. Require: « large mode volume
« g00d mode discrimination
*high output power.

———Use an Unstable Resonator.

Unstable resonators suit high gain systems - however CW
Nd:YAG is a low gain system. |

Solution: use a strip unstable resonator (cylindrical geometry)
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Top View of Laser Slab
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Optical fibre pump sources '
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End View of Laser Slab

Layers of Pump Fibres
(45W per layer)
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Laser Cavity Contiguration

Cylindrical VRM
Convex in Vertical Plane.

Lens
for horizontal
mode cor_\trol.
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TIR Slab.
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Cylindrical Max-R Mirror,
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Li1sT OF PARAMETERS USED IN UNSTABLE RESONATOR CALCULATIONS

Total pump power (W) 540
Intra-cavity loss, [ 5.6%
Pathlength in pumped region, [, (mm) 52.2
Small-signal gaiz, 7, (") 0.0743
Magmﬁcatlon, _ 1.3
Super-Gaussian output ooupler order 2
Optimal total output. oouphng, Tope 0.41
Output coupler eﬁ'ectwe reﬂectlwty, 0.59
Peak reﬂectmty, R, 0.77
Output coupler characteristic half width, wy, (mm) L.12
Near-field characteristic balf width (mm) 115




Numerically Modelled Far-field
Intensity & Phase for Unstable
Plane
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Numerically Modelled Far-field
Intensity & Phase for Unstable
Plane
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Horizontal (stable) Plane Analysis
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Schematic of L.aser Head :
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Experiment Plan

Assemble slab in laser head, with single line-array of optical
fibre pump sources.

Characterize:

- small signal gain.

- wavefront distortion.

- vertical and horizontal thermal lensing.

- demonstrate control of temperature gradient in vertical
direction. Cconmre ™ Fmme eLeMent AMAL(sS)

Obtain lasing in this configuration.



Power Scaling Experiments

P

. Add pump fibres in vertical direction.

Investigate:

- - transverse mode discrimination.
- beam quality.

- mode matching.

Fibre Options:

- rearrange current optical fibres.

- use additional diode-laser pump fibres from another project.
- suggestions, contributions?
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