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The Mercury laser has operated at 550 W
average power (> 50% of design point)
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Output pulse shaping

FWHM = 14 ns 
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Added last 2 amplifier
slabs, and improved
stability.
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Plane Wave Model

High average power YCOB frequency converter
operated up to 73% conversion efficiency

• High efficiency frequency conversion demonstrated
• Experiment agrees with simple plane wave model
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Mercury received a third R&D 100 award for
its high average power frequency converter



MercuryMercury

The amplifier system is pumped by eight diode
arrays producing a peak diode power of 640 kW

45 %> 50 %Wallplug efficiency

Divergence

Integrated linewidth (1 msec)

Linewidth

Power droop (1 msec)

Reliability (shots)

Power

Diode tile attributes

15 mrad x 140 mrad< 18 mrad x 180 mrad

4.1 nm< 8.5 nm

2.3 nm< 5 nm

4.3 %< 15 %

1.4 x 108 @ 115 W/bar> 2 x 108 @ 100 W/bar

120 W/bar> 100 W/bar

Demonstrated
Performance

Goal

These eight arrays were operated in the system for > 3 x 106 shots
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New generation diode bars are tested at LLNL
for efficiency, power, and lifetime requirements

Initial tests of one vendor:

• nLIGHT diode material developed for the DARPA
Super High Efficiency Diode Sources (SHEDS) program

• Diode emission at 940 nm with 3 nm bandwidth

Wall-plug Efficiency
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• 714 Watts (W) of continuous operation @ 940 nm
• Newest epitaxial design, state-of-the-art growth process,

and industry-leading device engineering.
• 5 tiles give 80 kW versus 36 tiles on current arrays
• Significant $/Watt cost reduction anticipated
• Details @ http://www.newport.com/

Newport's Spectra-Physics Lasers Division set
new diode power record with ProLite® laser bar
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Diode costs are following a 59% learning curve
similar to other semiconductor manufacturing
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59% “learning curve”

Mercury
Price

“Soft” quote
65¢/W

Cost
($/Watt)
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The thermal wavefront was benchmarked against
a complete thermal model of the amplifier head

7 amplifier
slabs

Helium

Pump

Pump

Mach 0.1 helium gas cooling

Model updates include
heating of the fused silica
windows and lenses

Experimental Data

1.0 

0.5

0

Thermal Model

1.0 

0.5

0-1.0-0.5 0.0 0.5 1.0

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

Height
(cm)

Width (cm)

-1.0-0.5 0.0 0.5 1.0

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

Height
(cm)

Width (cm)



MercuryMercury

Adaptive optic system has high resolution sensor
and bimorph mirror to improve beam quality

The adaptive optic (AO) system is now fully operational
and has been used for system operations at up to 300 W.
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Improved focus with adaptive optic

Bimorph mirror

Wavefront sensor 



MercuryMercury

New front end Multi-Pass Ring Amplifier (MPRA)
uses two diode-pumped SFAP crystal amplifiers

Fiber
osc

S-FAP
Ring

Fiber
amps

Temporal
shaper

RF
bandwidth

Spectral
shaper

S-FAP amplifier head

S-FAP amplifier head

Relay telescopes

Pockels cell
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Advanced front end has temporal, spectral, and
spatial sculpting capability for pulse injection

150:1> 20:1Shaping contrast

300:1> 100:1Amplitude shaping

300:1> 100:1Phase shaping

2.2< 5Intensity fluctuations (%)

~10< 10RMS Uniformity (%)

260< 250Jitter (ps)

106:1104:1Signal to noise (ASE)

240  333Bandwidth (GHz)

0.08< 3Stability (GHz)

~5< 1.5
Beam quality - Focusability
(times diffraction limited)

 1.5< 1Stability (%)

525500Energy (mJ)

StatusGoalLaser Performance

Energy

Spatial

Temporal

Spectral
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Summary: Mercury component development
is making rapid progress

Solid-state amplifier
• Improved quality
• 12 cm diameter growth

Broadband Front End
• Fiber based design
• 525 mJ demonstrated

Diode pump arrays
• Commercialized package
• New High Eff / High power

Frequency Converter
• 6 x 8 cm2 YCOB slabs
• Scalable cooling design

Helium gas cooling
• Low thermal wavefront
• 4 hours operation (10 Hz)

Adaptive Optic
• High resolution sensor
• 41 act. bi-Morph mirror
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