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ABSTRACT 

As a consequence of advancements in Inertial Confinement Fusion research, LLNL is 
developing plans for a new 1.5 to 2 mega-joule solid-state Nd:glass laser designed to achieve fusion 
ignition. The new design is possible in part due to advances in optical coatings suitable for high-
power laser systems. High damage threshold mirrors and polarizers are comprised of electron-
beam deposited dielectric multilayers. Subthreshold illumination, or laser conditioning, of the 
multilayer coatings results in an increase in the damage thresholds by factors of 2 to 3 at 1.06um, 
thus meeting the fluence requirements of the advanced architecture. For anti-reflective coatings, 
protective organic coatings for non-linear crystals and phase plates for beam smoothing, sol-gel 
films provide high damage thresholds coatings at low cost. 

1. INTRODUCTION 

A critical step in the development of Inertial Confinement Fusion technology will be the 
construction of a laser driver facility capable of achieving fusion ignition. At LLNL art upgrade to 
the current 120 kJNova laser facility has been proposed which will provide a nominal 3-ns, 1.5 -2 MJ 
pulse of 351 nm light capable of compressing a DT fusion target to ignition conditions.!1! LikeNova, 
the proposed Nova Upgrade is a Nd+3-phosphate glass laser whose output at 1054 nm is frequency 
converted, using KDP crystal arrays, to the third harmonic (351 nm). While Nova used a multistage, 
single-pass amplifier design, the Upgrade will use a single-stage multipass amplifier design shown 
in Fig 1. The advanced multipass architecture is made possible by several technological achieve
ments including the development of a large-aperture optical switch (plasma-electrode Pockels 
cell)!2-3!, compact multisegment amplifiers'4!, and high laser-damage-threshold optical materi
als.15! This paper will concentrate on the advances in high-damage-threshold optical coatings and 
their influence on the proposed Nova Upgrade design. 

The first section of the paper discusses the general architecture of the Nova Upgrade, 
emphasizing the requirements of theopticalcoa tings. Thenext four sections provide details on four 
main types of coatings used on large aperture, high-power optics: high reflectors (HRs), polarizers, 
antireflective coatings (ARs), and phase plates (binary optics used for beam smoothing). 

Two recent major developments in optical coatings are emphasized: (1) the increased 
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Figure 1. Schematic diagram of the laser configuration for a single beamlet 
of the proposed Nova Upgrade laser showing the location of the major 
optical components. Components having e-beam deposited multilayer 
coatings or room-temperature-deposited single layer coatings are identified. 

application of room-temperature deposition techniques, especially sol-gel deposition, and (2) the 
development of laser conditioning, a means of increasing the damage thresholds of multilayer 
dielectric coatings. Laser conditioning is a process in which an optical material is initially exposed 
to sub-threshold pulses of laser light with the result being typically a factor of 2 to 3 improvement 
in the materials damage threshold. 

2. PROPOSED NOVA UPGRADE ARCHITECTURE 

The proposed Nova Upgrade laser system will consist of approximately 200 optically 
independent and individually targetable "beamlets" each b.iving an aperture oi approximately 
35 cm. The combined 351 nm output from all beamlets will be about 1.5-2.0 MJ. Figui > 1 shows 
schematically the components of a single beamlet. On the Upgrade system, the beamlets would 
likely be grouped into compact and efficient arrays to form 10-20 main beamlines. With the 
exception of the amplifiers, all major optical components on the laser chain include either a 
multilayer e-beam deposited coating or a sol-gel coating. 

In the multipass architecture, a laser pulse enters the resonator cavity near the focal plane of 
the spatial filter as shown in Fig. 1. It then passes to the rear of the cavity through a multisegment 
amplifier and reflects off the cavity-end mirror, Ml. The beam then makes three additional passes 
through the resonator cavity (M1-M2) before being switched-out of the cavity using a Pockets cell/ 
polarizer electro-optic switch. During these passes sufficient voltage is being applied to the Pockels 
cell to rotate the polarization by 90° so that the beam is transmitted through the polarizer. The 



combination of polarizer and cavity-end mirror confines the pulse in the cavity until, on the final 
pass, the Pockels cell is turned off and the rotation in polarization causes the pulse to reflect off the 
polarizer and out of the cavity. After switch-out the beam passes through an additional booster 
amplifier and is transported through a series of mirrors to the frequency-conversion array where 
the wavelength is converted to 351 nm. The final optics in the system include a focusing lens, a 
target-chamber vacuum window, and a debris shield. A random phase plate (RPP) coating may be 
applied to the debris shield to aid in smoothing of the beam. 

At LLNL we are presently building a single prototype beamlet of the Nova Upgrade 
architecture.!6! The Beamlet Project will include manufacture of prototypes of all optics up to the 
final focus lens in Fig. 1. The improvements in coating technology discussed here are the result of 
Nova improvement programs or prototype optics development for the Beamlet project. 

Nova Upgrade requirement) v 

(1.5:1 Intensity modulation) 

Damaga threaholda: 
"derated" » | avenge 

Laser glaas 
Fused silica 
Antlref lection coating 
Mirror 
Thin film polarizer 
KDP crystal 

KOP crystal 
Antlref lection coating 
Fused silica 

Damage 
threshold 

(.Item 2) 

3 n s 

10 ns 

i • 1 
15 

i ^ 
20 

- 1 -

25 30 35 

20 
" T -

30 40 
- I -

SO 

Figure 2. Laser damage thresholds for bulk materials and coatings to be used in high 
fluence positions in the proposed Nova Upgrade. The high end of the range is the 
average measured threshold. Low end is the safe peak working fluence assuming a 
safety factor of 0.85 for damage threshold variations and variations in effectiveness of 
laser conditioning, where applicable. 

A major factor determining the laser architecture and aperture size in the Upgrade system 
is the damage threshold of the optical components. Figure 2 summarizes the current status of laser 
damage thresholds for bulk materials and coatings that will be used in high fluence positions in the 
multipass architecture. The high end of the bar is the nominal damage threshold measured on 
laboratory samples. Due to variability in damage thresholds, we have chosen as a safe design 
fluence 85% of the measured mean .!6J p o r multilayer dielectric coatings a further reduction of 15% 
in damage performance is included to account for the variations in the effectiveness of laser 
conditioning over large apertures. This 15% conditioning "safety factor" is also applied to the KDP 
damage thresholds as this material is also laser conditioned. The low end of the bar corresponds to 
the safe peak working fluence after taking into account the appropriate safety factors. These "de-



rated" thresholds are used in determining beam aperture and system architecture. The figure 
shows the damage thresholds for both 3 ns and 10 ns pulselengths. The majority of the damage 
thresholds measured at LLNL are for 10 ns pulselengths and these values are most often reported. 
Thresholds can be scaled to shorten pulselengths, such as the 3 ns pulselength proposed for the 
Nova Upgrade, using a T p

x scaling law where x is typically near 0.35. 

Based on amplifier efficiency and damage threshold considerations, an average 1053 run 
fluence of 12 J/cm 2 at 3ns has been chosen for the Upgrade design. Assuming an expected peak-
to-average intensity modulation of 1.5, the maximum fluence should be about 18 J/cm2. After 
frequency conversion to 351 ns, the peak fluence would be near II J/cm2. These peak fluence 
requirements are shown in Fig. 2. The figure shows that the damage thresholds of the multilayer 
coatings, particularly the polarizer, most strongly limit system fluences at 1053 am. The low 
damage threshold of the polarizer presently requires that some of the amplification be done outside 
of the cavity using a booster amplifier in order to reduce the fluence at the polarizer at switch-out 
of the multipass cavity. At 351 nm, the KDP crystals are likely the laser damage "fuse" in the system. 
Without the factor of 2 improvement in damage thresholds to the multilayer coatings and KDP due 
to laser conditioning, the proposed Nova Upgrade architecture would not be possible. 

The proposed Nova Upgrade would be the largest optical instrument in the world, as was 
Nova when it was built. Table 1 shows that Nova Upgrade will use 10-20 times more optical 
material than did Nova. For thin film optical coatings nearly a factor of 10 increase in coated area 
is required. The aperture of the largest optic has decreased, however, largely because of improve
ments in laser damage thresholds. For example, on Nova the beam was expanded to reduce the 
fluence on the HR coatings thus requiring 109 cm diameter turning mirrors. In contrast, no beam 
expansion is required on Nova Upgrade. Therefore the largest coated optic will be 75 cm x 39 cm 
polarizers. Improved manufacturing technologies are required to produce the large quantity of 
optics required for Nova Upgrade within schedule and cost goals. Development programs are 
therefore underway both at LLNL and at commercial vendors in order to improve optical 
performance while increasing yield and reducing cost. 

Table 1: Comparison of optical material requirements for the 120 kJ 
Nova and the proposed 1.5-2.0 MJ Nova Upgrade lasers 

Nova Nova Upgrade Ratio 

Major optical components* 1,000 6,200 6.2 
Laser glass (liters) 2,000 38,000 19 
Fused silica (liters) 1,000 17,000 17 
Crystals (liters) 150 950 6.3 
High quality optical 200 2,500 125 

Surfaces (m2) 
Thin-film coatings (m2) 100 1,000 10 

* Atsume* 192 beamlels 



Manufacturing 
difficulty Optical component 

Parts per 
beamlet 

Deposition 
process 

High Polarizer 
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Figure 3: Descriptions of the five major types of optical coatings to 
be used on Nova Upgrade. 

The principal requirements of the five typss of optical coatings are listed in Fig. 3. The 
coatings are listed in order of decreasing level of manufacturing difficulty, and therefore cost 
Polarizer coatings require the most complex designs and the most accurate layer thickness control. 
These coatings are deposited by highly controlled e-beam deposition. The AR coatings are single 
layer sol-gel films with wide bandwidths and can therefore be deposited at room temperature by 
dip or spin coating. The random phase plates are produced using sol-gel and photolithography 
processes. Ongoing developmentof sol-gel technology may allow thelow cost production of simple 
multilayer cavity-end mirrors using this room-temperature technique by the time optics manufac
turing for a mega-joule system begins. Presently, however, only e-beam technology is capable of 
producing these high-damage-threshold HR coatings. The cost saving advantage of using sol-gel 
coating techniques is impressive. Based on the present design, 77% of the coated surface area of 
Nova Upgrade optics will be sol-gel coated, but sol-gel coating will account for only about 16% of 
the total coating cost. 

3. MULTILAYER MIRRORS 

The highest damage threshold multilayer HR coatings presently available for use at 1053 run 
are laser conditioned Hf02/SiQ2 stacks made by electron-beam evaporation processes. The HR 
coatings consist of near-quarterwave optical thickness layers of alternating low and high index 
material. 

The use of Hf02 is the latest step in the evolution of high index material choices since the 



original design of Nova. During Nova design, TiQ2 was the preferred high index material for near-
IR applications.!7! As a result of the alignment and diagnostic configuration, however, certain 
mirrors were required to also reflect 532 nm (2co) and 351 nm (3a>) light These trichroic HRs ne
cessitated the use of other, larger bandgap materials which did not absorb significantly at 351 nm. 
ZrQ2 was subsequently chosen as the high index material for trichroic mirrors on Nova. 

Further development work after the activation of Nova showed that the damage threshold 
of Hf02/Si02 coatings could be permanently increased by approximately a factor of two using a 
laser conditioning process.'8"1 0' Figure 4 shows the conditioned and unconditioned damage 
threshold of these new multilayer HR coatings compared with the thresholds of the Nova HR 
coatings. The data indicate that laser conditioning has provided the principal improvement in the 
damage thresholds of multilayer optical coatings over the last decade. 
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Figure 4: Comparison of average laser damage thresholds for the original 
Nova HRs and the current conditioned and unconditioned thresholds for HR 
and polarizer coatings designed for use on the proposed Nova Upgrade. 

Films containing other high-index materials such as Z1Q2 and Ta2C>5 have also shown 
conditioning effects, although not as consistently as HfC>2/Si02 coatings.!9) Consequently, HfO2/ 
SiC<2 films are presently preferred for high-power applications. The dependenceof the conditioning 
effect on material is not well understood but may be related to varying types and concentrations of 
coating defects in the films and also therelativeenergy of thelaser light to thebandgapof the coating 
material. 

The laser conditioning effect has been observed for several different multilayer coating 
designs deposited by e-beam deposition including: a 27-layer single wavelength (1064 nm) HR; 64-
layer trichroic HR coating designed to reflect at 1064,532 and 355 nm; 1064 nm polarizers; and a 
single layer SiC>2 evanescent wave coating 1400 nm thick.!9' Although the absolute magnitudes of 
the thresholds vary, all of the films conditioned by approximately the same factor. The only designs 
that have not shown a conditioning effect are multilayer AR coatings. The lack of conditioning in 
the AR coating cannot be attributed simply to the transmitting nature of the film or to the number 



of layers since the transmitting polarizer (p-polarization) and the evanescent wave coating both 
showed sizable conditioning effects. 

The influence of laser wavelength on the conditioning effect has been studied for several 
materials. For example, conditioning of H£02/Si02 multilayer HR coatings becomes negligible as 
the laser wavelength is decreased from 1064 urn to 351 run (Fig. 5).! 1 1' Consequently these coatings, 
and that of other oxides, would probably not be suitable for use at short wavelengths in high power 
laser designs. The loss of the conditioning effect at short wavelengths is likely related to the 
approach of the photon energy to the material's bandgap energy resulting in a change in damage 
mechanism. In contrast to the oxides, substantial conditioning effects have been reported for 
fluoride HR coatings (e.g. NdFs/NagABfc) at 248 run.'12! The conditionabiliry of the fluorides at 
UV wavelengths has been attributed to the large bandgap of the materials. Preliminary develop
ment work at LLNL and at commercial vendors indicates that high damage threshold UV fluoride 
HR coatings are possible. However, crazing caused by the high stress in the coatings must be 
eliminated before the coatings will be practical. 
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Figure 5. Unconditioned and conditioned damage thresholds of HfQ2/SiC>2 
multilayers as a function of wavelength measured at a 10 ns pulse length. 

Partially transmitting mirrors: While the predominant improvement in reflective coatings 
over the last decade have been associated with increased damage threshold, there have also been 
some advances in optical performance. Partially transmitting mirrors for alignment and diagnostics 
are required for both Nova and the Nova Upgrade. Because of inadequate control of layer thickness 
in the coatings during Nova optics manufacturing, reflection of the diagnostic mirror had to be 
reduced to -96.5% so that the uniformity of the transmitted beam would be better than ±5% across 
the aperture. As a result of steady improvements in e-beam deposition technology, large aperture 
mirrors with reflectivities of >99% can now be produced with the spatial uniformity of the 
transmitted beam better than ± 2% of the transmitted intensity. 



Laser Conditioning Procedures: Full aperture laser conditioning of the large number of 
multilayer optics needed for a megajoule-scale laser such as the proposed Nova Upgrade presents 
a new challenge. On a laboratory scale, laser conditioning is achieved by slowly ramping up the 
laser fluence over several hundred shots at a single site the diameter of the test beam, ~ 1 mm. The 
ramp conditioning is not practical, however, for conditioning of large aperture parts. Instead a step-
illumination conditioning program may be required which includes only a few pulses of increasing 
fluence widely spaced in time and energy. We have demonstrated that step conditioning results in 
conditioned thresholds that are about 80% of that obtained by ramp conditioning.l1Ql The optimum 
step conditioning program (number of shots, fluences, time between pulses) has not been clearly 
determined. As a general rule, however, five or more pulses are preferred with the lowest fluence 
below 50% of the unconditioned threshold and the maximum fluence about 20 to 50% above the 
unconditioned threshold. The high final fluence serves as a check to see if the damage threshold has 
actually increased. 

In production, high-fluence coated optics would likely be conditioned off-line by rastering 
the small beam of a standard commercial laser across the optic at each appropriate fluence. If the 
laser conditioning is performed using a standard damage testing laser it would require approxi-
mately20hrs to condition a full size polarizer (assumes2mm beam diam.,20 Hz laser,beam overlap 
of 4:1, and illumination at five fluences). The total time for conditioning all multilayer coatings for 
a 200 beamlet system would be approximately 16,000 hours. We are presently investigating 
methods to minimize this rastering time. 

4. POLARIZERS 

Efforts to improve multilayer polarizers have been directed towards three goals: increased 
laser damage threshold, increased rejection ratio and reduced coating stress. As in the case of HRs, 
the highest damage threshold 1053 nm polarizer coatings are e-beam deposited Hf02/SiQ2 stacks 
with a half-wave Si02 overcoat. The damage threshold of a polarizer when used in reflection (s-
polarization) is typically lower than that of a similar HR by about 15-20%. The decrease in threshold 
might be related to the strong sensitivity of the electric field distribution in the polarizer coating to 
layer thicknesses. The polarizer damage threshold measured with p-polarized light is typically an 
additional 10-15% lower than for s-polarization. Fors-polarization the fluence in the coating drops 
as the light is reflected from successive layers, as for an HR. In p-polarization, however, the light 
passes through the entire volume of the coating, as well as the coating/substrate interface. 
Consequently the probability of hitting an absorbing defect in the film or at the coating/substrate 
interface is increased. Figure4 shows typical p-polarization damage thresholds forHAC^/SiOj HRs 
and polarizers. 

The performance of the polarizer coatings are very sensitive to errors in layer thickness and 
are therefore more difficult to manufacture than are HRs. Deposition parameter studies are 
underway to improve the rejection ratio of the polarizer without reducing the production yield. 
Preliminary results indicate that the transmittance specifications can be improved over that 
required for our current large aperture Nova polarizers (Table 2), so that the rejection ratio is 
doubled without a decrease in production yield. 



Table 2: Comparison of Nova and proposed Nova Upgrade polarizer specifications: 

Nova Nova Upgrade 
(proposed) 

Tp >97% >98.5% 
Ts <15% <0.7% . 
Rejection ratio (Tp/Ts) 64 140 

Stresses in polarizer coatings influence the size and therefore cost of the substrate. For high 
stresses,thesubstratethickr^ss must be increased topreventsubstratedeformationarid consequent 
reflected wavefront errors. For the Nova Upgrade the maximum allowable wavefront error for 
coated optics is \/7 (633 run) peak-to-valley. 

Preliminary testing of sub-sized prototype polarizers showed that the HfCfc/SiQz coatings 
are highly compressive and that the wavefront error varied as the square of the aspect ratio, as 
predicted by textbook models.'1 3! We found that the stress in the small test samples could be relived 
to roughly pre-coating levels, as show in Fig. 6, using a proprietary post-deposition thermal treat
ment Thistreatmentmfluenc^natherthedanugethresholdortheKjectionratioofthepolarizer 
coating. A full aperture prototype polarizer is presently being manufactured to demonstrate the 
quality of large-aperturestress-relieved coatings. Thepolarizer is4.3 cm thick and 75x39 cm in size 
(18:1 aspect ratio). We are also evaluating the possibility of minimizing the coating stress through 
optimization of the deposition parameters. 

Measured wavefront date for sub-sized polarizers 
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Figure 6. Wavefront distortion of uncoated, coated, and stress relieved polarizer 
substrates as a function of substrate aspect ratio (length:thickness). Stress relief is by 
thermal treatment. The substrates were 8.5 cm x 16.5 cm with variable thickness. 



5. ANTTREFLECnVE(AR> COATINGS 

More than eight years after their introduction at LLNL by Thomas!'-4!, porous sol-gel SiQj 
remains the coating of choice for high-damage-threshold AR applications. The sol-gel coating 
consists of S1O2 particles packed in a roughly 50% porous structure providing a refractive index of 
1.22-1.25. The coatings are deposited at room temperature using spin- or dip-coating procedures. 
As shown in Fig. 7, the damage thresholds ol the sol-gel coatings far exceed that available from e-
beam deposited multilayer oxide AR coatings. 

For original Nova laser optics neutral solution processed (NSP) AR coatings were used on 
most of the BK-7 optics.'7! The NSP process involves producing a gradient-index surface by 
chemically leaching the BK-7. While theNSP coatings showexceptional damage thresholds (Fig. 7), 
the application process is more complex than that for sol-gel coatings and theNSP process is not 
applicable to fused silica optics or KDP crystals used for frequency conversion. In addition, BK-7 
glass contains Pt-inclusions that limit its damage threshold to about one-tenth that of fused silica. 
Nearly all NSP coatings on Nova have been replaced with sol-gel coatings during the coarse of 
general maintenance. 
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Figure 7. Laser damage thresholds for several types of single layer (sol-gel, NSP, 
and Teflon) and multilayer (e-beam oxides) AR coatings at 1064 nm and 355 ran. 

Multilayer sol-gei mirrors: Much of the research on sol-gel coating materials has been directed at 
the development of multilayer reflective coatings. Thomas and Brittenl'Sl have shown that it is 
possible to prepare coatings with 99+% reflection at 1064 nm with only 10 pairs (20 layers) of high-
low index sol-gel materials. The reflectors are made by spin-coating with colloidal suspensions of 
HfC>2 and SiC>2 in which the Hf02 suspension contains a soluble binder. The binder, poly-vinyl 



alcohol, reduces porosity and increases the refractiveindex, allowing fewer layers. The refractive 
index of HfCfc is increased from 1.50 to 1.68 by addition of the binder. Damage thresholds for the 
20 layer coatings are 25-28 J/cm 2 at 10 ns and 1064 am. This fiuence is slightly lower then that 
required for UieWghesr fiuence mirrors on the proposedNovaUpgradebutis more than adequate 
for low fiuence cavity-end mirrors. Unfortunately, the spin-coating technique is not suitable for the 
rectangular substrates proposed in the Nova Upgrade design. Dip coating is also unattractive for 
multilayer coatings because of the large sol inventories required and the risk of fluid 
intercontamination. A meniscus coating apparatus (similar to that used for coating flatplate display 
panels with photoresist) is therefore under development. 

Protective coatings: The porous nature of silica sol-gel AR coats has the disadvantage of allowing 
transport of vapors,such as water, to sensitive substrate materials such as KDP. For the case of KDP, 
this can cause light-scattering losses caused by micron-scale etch pits in the crystal surface.^ This 
gives the crystals a "foggy" appearance. We found that the pits, or fogging, were due to dissolution 
of the KDP surface by liquid water. The surface was activated by hydroscopic metallic-salt 
contamination left from the machining oils used to diamond turn the surfaces. A methyl silicone 
coating has been developed that reduces the fogging rate of the crystals by over a factor of threeJ17! 
The silicone coating is now being used for all new and reworked crystals put on the Nova system 
and will be used for crystals on future systems as well. 

The methyl silicone coating material is a high purity product which can be applied by either 
spinordipcc^ting.Afteracureforl6hoursatl35°Citgivesahard,dense,transparentandinsoluble 
coating. Therefractive index of the cured coating isl.41anditthereforehasantireflectiveproperties 
when applied to KDP (index -1.5), reducing the reflection from 4% to 2% per surfaa;. The silicone 
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Figure 8- The transmission curve for a KDP crystal coated with methyl-silicone 
and colloidal silica sol-gel for minimized reflection at 532 nm and 1064 nm. 



coating will be overcoated with an additional sol-gel coating to further reduce the reflections. The 
transmission curve for a KDP crystal coated for use at 532 nm and 1064 ran is shown in Fig. 8. 

Thomas and Campbell!18? have identified a fluorocarbon polymer coating which incorpo
rates both environmental protection and optical performance in a single coat. The coating material < 
is a commercial product manufactured under the trade name Teflon AF 2400 (DuFont). The 
material is non-absorbing down to 200 nm and has the lowest refractive index of any known solid 
material (129). This index allows reflections from silica (n = 1.44) and KDP (n=152) surfaces to be 
reduced to about 0.5% per surface. Because of the materials solubility in fluorine-containing 
solvents it can be deposited by either spin or dip coating. 

Besides good optical and environmental protection properties, the silicone and Teflon 
coatings also show impressive laser damage thresholds. The damage thresholds of both types of 
coatings, and that of a bare KDP surface, for comparison, are shown in Table 3. At 1064 nm both 
coatings give thresholds comparable to the bare KDP surface (Exact values were not always 
determined because bulk damage became significant before the surface threshold is reached). At 
355 nm the coatings decrease the threshold of the KDP surface by only a small degree. All of the 
values for coatings on KDP are conditioned thresholds. A negligible conditioning effect was seen 
in these cases. The Teflon coating damage threshold shown in Fig. 7 is for Teflon on a fused silica 
substrate. In this case the thresholds were increased by laser conditioning. The dependence of the 
conditioning effect on the substrate material is not understood at this time. 

Table 3. Damage threshold levels of coated and bare surface KDP. 

Coating 1064nm/10ns 355 nm / 10 ns 
Silicone-sol > 40 J/cm2 20J/cm2 
Teflon AF 2400 >40 17 
Bare surface KDP >40 20-30 

6. RANDOM PHASE PLATES 

For ICF experiments, laser beams with smooth spatial profiles are required to prevent 
hydrodynamic instabilities that destroy the spherical symmetry of the fusion target during 
implosion. Optical material inhomogeneities, surface figure errors, and the segmented nature of 
optical components can cause spatial modulations in the irradiance at the target focal plane. Spatial 
smoothing techniques have been developed to break up the large scale aberrations into small-scale 
structures. One approach uses random phase plates (RPP).n9J As shown in Fig. 9, a typical RPP 
consists of a bi-level phase relief structure composed of a contiguous layout of regularly shaped 
elements randomly selected to impose a 7t-phase shift relative to areas without phaseplateelements. 
Conventional RPPs are prepared by evaporating silica in a vacuum onto a substrate covered with 
a patterned photoresist. After silica coating, the resist is removed leavinga silica pixel pattern which 
is the negative of the original design. This process is time consuming, expensive and produced RPPs 
having low damage thresholds. A sol-gel coating/etch process was therefore developed at LLNL 



to produce high yields of high laser-damage-threshold parts.!20? In this new process the whole 
substrate is first coated with a dense sol-gel silica layer, followed by a coating of photoresist After 
exposure of the resist to the pattern and development, the silica is selectively etched off from the 
uncoated areas of the substrate. A silica pixel pattern identical to the original remains. Therefractive 
index of the dense Si02 phase plate coating is about 1.44 and therefore closely matches that of the 
fused silica substrate (1.46). The phase plate can then be overcoated with a standard porous sol-gel 
AR coating. 

Deposited 
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Figure 9. Schematic layout of a random phase plate consisting of randomly distributed on-
and off-phase elements. A relative optical phase delay of Jt between theon-and off-elements 
is achieved by selectively depositing a thin sol-gel Si02 layer as shown on the right 

Damage tests of the phase plates at 10 ns showed that the thresholds are 30 J/cm 2 at 532 run 
and 12 J/cm 2 at 355 ran compared to thresholds measured on vapor-deposited phase plates of 
8 J/cm2 and < 4 J/cm2, respectively. 

7. SUMMARY AND FUTURE DIRECTIONS 

The high damage thresholds now possible with laser conditioned multilayer HR and 
polarizer coatings make possible future ICF lasers such as the proposed Nova Upgrade. Significant 
progress has also been made in reducing coating stress and improving performance of polarizer 
coatings. Work is in progress to demonstrate these effects on full-scale large-aperture parts. 

Room-temperature deposited coatings such as sol-gel for AR applications and silicone or 
Teflon for protective coatings have high performance and can be applied at a low cost. This 
technology is under further development to produce multilayer optical coatings that would be 
suitable for certain laser mirrors. 

Advanced deposition processes such as ion assisted deposition and reactive ion plating are 
also being evaluated at LLNL.' 2 1 ' While coatings deposited by such techniques show enhanced 
durability and stability, their advantage for high-damage-threshold applications is yet to be 
determined. 



A basic research effort is also being directed toward understanding the laser damage 
mechanisms in the coating materials. We have determined that nodular defects in multilayer 
dielectric coatings play a key role in the laser damage and conditioning processes.'22! Recent 
modelling work has shown that electric-field enhancements at these defects may explain their 
enhanced damage susceptibility.!23! 
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