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The LIFE laser beambox combines DPSSL technology

with NIF-like architecture to provide for robust operations
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Diode pumps - high efficiency (18%)
Helium cooled amps - high repetition rate (16 Hz) with low stress
Normal amp slabs - compensated thermal birefringence, compact amp
Passive switching - performs at repetition rate
Lower output fluence -> less susceptible to optical damage




3w optical damage is an important design constraint

for high fluence laser systems
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Damage initiation: 16J/cm? 3» on fused silica lens

But, initiated sites can grow at low fluence

Growth ultimately
limits an optic’s
lifetime




We have made great progress understanding the
physics of optical damage

Nano-scale precursors lead to macro-scale
damage (initiation and growth)
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3w optical damage can be mitigated using existing

NIF technologies and fluence scaling

Fused Silica Lenses Fused Silica Lenses
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The average 3o fluence for LIFE was chosen to
reduce damage initiation and growth to nearly zero
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Elimination of 3w damage for LIFE optics

Decreasing damage initiation and growth to zero
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Elimination of 3w damage for LIFE optics

Fabricate high damage resistant optics

A4

Expose to 2X LIFE avelv'age fluence (NIF levels)
Initiated damage sites will be manageable (e.g., 10’s per lens)

O

Mitigate Initiations (robust to 2X LIFE fluence)
RAM (silica), u-machining (KDP), fs-machining (mirrors)

4

Assemble beam lines and burn in system (multi-shots)
New initiations may occur due to modulation, contamination
If found, use spatial blockers
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Begin long-term LIFE operation




Tremendous progress has been made in improving

the damage resistance of fused silica optics

Silica optic surface improvement
from 1997 to the present
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Over the last several years, the main fluence limiting

precursors on silica surface have been identified

« Chemical impurities on the surface & in fractures
* Precursor diagnostic (PD) and indentation

studies to isolate defects Physical model of laser damage
precursors on polished fused silica

Precursor Silica Indent Studies Surface Layer modified by polishing
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Fused Silica

Atomic-scale defects formed on fracture
surfaces dominate at NIF fluence levels




Tremendous progress has been made in improving

the damage resistance of fused silica optics

Silica optic surface improvement
from 1997 to the present
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iti i i
The Advanced Mitigation Process (AMP) is the result of a

strongly-coupled S&T effort to identify & eliminate silica damage precursors

« Although advanced processing The AMP post-finish process is designed
greatly reduced finishing flaws, to eliminate damage precursors
th_ey_haven’t been completely Microscope Image PD Image
eliminated i

« AMP2 is a wet etch process
designed to remove fracture x
defect layers ‘

» Key is to eliminate defects without ue
introducing new precursors
(absorbing etch precipitates) :
New process (AMP1) @1y >15 Jlem?

Yy )
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AMP2 dramatically reduces/eliminates damage

initiation from surface fractures on fused silica optics

« AMP2 can reduce scratches
initiations by 100X for
¢=12J/cm?

e 75% of NIF now contains
AMP2 silica lenses

OptEal miérog;aphs of
scratched fused silica
test samples
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Using mass transport model, AMP process has been
optimized to minimize reaction product concentration left in
the cracks of scratches

Calculated SiF¢?- concentration during AMP Process
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Tremendous progress has been made in improving
the damage resistance of fused silica optics

Silica optic surface improvement
from 1997 to the present
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* Progress continues to reach
higher levels of damage
resistance

* Near zero flaw polishing
* Next generation AMP
» Scaling to full aperture
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Advanced processing for mirrors continues to

improve damage resistance of 3o mirrors

« Omega (LLE) is demonstrating porous electron-beam thin-film technologies which
show a 4X improvement for small beam damage tests

e These mirrors routinely withstand 3.9J/cm? fluences (70% contrast)

3® mirror process optimization

I I I
12 - @ o 0y = 1x 104 Torr | Process optimization at LLE has
N —0— 0, =2 x 10~4 Torr .
10 - N —0—0y=4x10-4Tor || increased 3w damage fluence to

n 12J/cm? at 0.5ns

Pulse-length scaling to LIFE pulse-
shapes should increase this further

1:1 LDT (351 nm, 0.5 ns)
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Laser conditioning advanced 3® mirrors will lead to even higher damage
resistance
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Elimination of 3w damage for LIFE optics

Fabricate high damage resistant optics

Expose to 2X LIFE ave|;age fluence (NIF levels)
Initiated damage sites will be manageable (e.g., 10’s per lens)

O

Mitigate Initiations (robust to 2X LIFE fluence)
RAM (silica), u-machining (KDP), fs-machining (mirrors)

4

Assemble beam lines and burn in system (multi-shots)
New initiations may occur due to modulation, contamination
If found, use spatial blockers

<

Begin long-term LIFE operation
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Flaws on fused silica are mitigated with a
small-beam CO, laser operating at 10.6-uym

* RAM (Rapid Ablation Mitigation) protocol
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RAM mitigation eliminates damage site

re-initiation up to 12J/cm?

Damage site before mitigation Damage site after mitigation

Damage growth below 5J/cm?, No damage growth below
3ns, 30 12J/cm?2, 3ns, 3w

Precise shape control eliminates damage due
to down-stream modulation up to 12J/cm?
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Extending new mitigation strategies for 1® mirrors to 3w

« Femto-second laser machining is being developed at LLNL to mitigate
initiated sites on dielectric mirrors

* Process removes affected “disks” of material

* Non-thermal removal of damaged material is a key for thin-film stacks

Laser Damage Distribution

l
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The fs laser machining process moves growth fluences to 30J/cm? at 1o
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Elimination of 3w damage for LIFE optics

Fabricate high damage resistant optics

<

Expose to 2X LIFE ave|;age fluence (NIF levels)
Initiated damage sites will be manageable (e.g., 10’s per lens)

O

Mitigate Initiations (robust to 2X LIFE fluence)
RAM (silica), u-machining (KDP), fs-machining (mirrors)

U
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Assemble beam lines and burn in system (multi-shots)
New initiations may occur due to modulation, contamination
If found, use spatial blockers

hvd

Begin long-term LIFE operation

23



Blockers introduced upstream in the NIF beampath
shadow defects downstream in the Final Optics Assembly

Programmable blockers Pre-Amplifier  After LIFE beam-line burn-in,

: . Ny, N Module (PAM)
are introduced in the 48— "% TR block regions affected by
PAMs :

_ s modulation or contamination
18 mm l ! - (0.25% of beam area)

beam

Power amp

Cavity spatial filter p m»*
Main amplifier S

Final Optics
Assembly

We want to
produce
shadow
regions here

NIF-1210-20678s2.ppt




Conclusions

 The LIFE system is designed to eliminate the issue of single shot
optical damage

— Technologies already developed for NIF and the NIF optics recycle loop
can eliminate damage initiation and growth for silica lenses and
conversion crystals

— Similar suppression of damage in 3o mirrors seems likely based on
advances in fabrication and mitigation

— Programmable blockers
— Manage contamination and beam quality

25






