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DESIGN AND REALITY FOR NDF IGNITION TARGETS 

T.P. BERNAT 
Lawrence Livermore National Laboratory 

I? 0. Box 5508, Livemre 
CA 94550, USA 

Advances in ICF experiments and modeling have lead to improved understanding of the 
growth of instabilities during capsule implosion, and the effects on capsule performance. 
This has led to more refined specifications on the characteristics of igniting capsules, all of 
which have solid D-T fuel layers. These specifications involve a trade-off between the 
interior ice surface structure, the outer capsule surface structure, and the time-dependent 
drive asymmetry. 

The criterion for evaluating and specifying the characteristics of ignition targets is 
that they ignite in 2- and 3-d computer modeling using experimentally bench-marked 
radiation-hydrodynamics codes. Advances in the modeling and in characterization of 
the targets have allowed consistency between design and reality. In the case of the 
fuel capsule, this has been a large advance from the simple specification of an rms 
surface roughness for the inner and outer capsule surfaces. The modeling results 
provide important information for determining target development goals. 

Most ignition capsule designs are multilayered with the ablator coated onto a thin 
polymer mandrel. The ablator can be composed of a variety of other polymers, such 
as plasmadeposited polymer, polyimides, or others, or materials such as boron car- 
bide or sputtered beryllium. Machined beryllium designs now under development are 
an important exception to the multi-layered approach. The surfaces of multilayer 
polymer capsules used for indirect-drive Nova experiments are measured using rotary 
atomic force microscopy (AFM). The spectra of surface modes on capsule exteriors 
are determined from three circumferential traces of the surface structure in each of 
three orientations. Averages of the Fourier transforms of the nine traces give the 
amplitudes of all modes from mode 2 to several hundred, with the higher mode limit 
determined by the AFM noise pedestal. Mode amplitudes as small as 0.1 nm can be 
determined by this technique, with a dynamic range of 104 We have measured sur- 
face spectra of a series of Nova capsules, some with variable surface perturbations 
from 0.1 pm amplitude to a few microns, applied by uv laser ab1ation.l The surface 
spectra from these capsules were used in modeling their performance in implosion 
experiments. The calculated reduction in neutron yield was quite consistent with ob- 
servations2 . This consistency adds confidence both to the surface analysis and to the 
modeling. AFM-based surface spectra from representative Nova capsules, Fig. 1, 
have been used to construct a model spectrum for NIF capsules, which is in current 
use for evaluating and setting the fabrication specifications. The surface spectra of 
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capsules will be material and fab- 
rication-method dependent and 
their performance in modeling 1 00  0 4 ' ,' """. ' ' ' * ?  ' ''- 
calculations will also be material 
dependent, so the process of de- 
termining specifications will be 
iterative. Fig. 1 also shows that 
the large lower modes on the 
Nova capsules originate with the 
coating mandrel, and not the 
plasma-polymerization ablator 
coating. Controlling these modes 
will be a high development pri- 
ority for the future. This will be 0 
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harder as the capsules get larger. 
We presently do not think that the 
drop-tower techniques for mak- 
ing Nova capsules will favorably 
scale to larger sizes. New meth- 
ods are being pursued, and will 
be a challenge for the ICF com- 
munity in the quest for ignition. 
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Fig 1. Mode spectrum of bare and coated Nova 
mandrels. The majority of surface defects originate 
from low mandrel modes. The rms values include 
modes 10 and higher. 

The solid D-T fuel layers form on the interiors of cryogenic containers, including 
spherical ICF capsules, through a natural redistribution process driven by bulk solid 
heating from b e t a - d ~ a y . ~  This process, which has been termed "beta-layering" re- 
sults in the average D-T surface conforming to an isotherm of the spherical or other- 
shaped closed container. However, for most materials, including the hydrogen iso- 
topes and their mixtures, thick solid films are typically multicrystalline, and not per- 
fectly smooth. The surface structure depends on the distribution of crystallite sizes, 
orientations, etc., largely determined by the initial nucleation and growth4 Most data 
on the morphology of solid hydrogen layers comes from experiments on flats5 or 
toroidal cylinders.6 Flat samples can be analyzed using phase-measuring interferom- 
etry, with height variation sensitivities of tens on nanometers. These types of experi- 
ments allow investigating the detailed effects of substrate, growing conditions, and 
thermal treatment on the resulting surfaces. Cylinders have the advantage of curved 
geometries such as in a sphere, but with better optical access. Nevertheless, cylinder 
experiments must be analyzed using shadowography, which detects the edge of the 
curved ice. Sensitivities down to a few tenths of a micron have been achieved with 
this technique. The experiments with the toroidal cylinders have radii of curvature 
equal to those of NIF capsules (1 mm), but unlike a sphere, one of the radii of curva- 
ture is negative. Shadowgraphic analyses of the beta-layers grown in such a cell have 
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shown that the spectra of their surface morphologies yield ignition when used as input 
to the simulation codes for indirkt-drive targets. 

The modeling work on indirect drive (and also direct drive, which has not been ex- 
plicitly discussed here) can be summarized: for any real ignition target, there is a 
trade-off between the surface roughness on the interior (ice) and the exterior of the 
capsule, and the time-dependent drive asymmetries. This is heuristically stated with 
the following inequality: 

For the spectra determined for the ice and the model capsule spectrum based upon the 
Nova capsule analyses, for the plastic-capsule based NIF PT design, and with drive 
asymmetries taken from radiation flow modeling with allowances for laser beam im- 
balance, timing errors, etc., n u u ~  Ozce = 3 pm and MCLX Ocap = -05 pm. However, 
work is still continuing in this area. In particular, new materials such as beryllium are 
being analyzed, and may offer significant advantages. 

Direct-drive experiments with solid- 
layer targets planned for the Omega 
Laser facility would benefit greatly 
from fuel surfaces that are smoother 
than the “native” beta-layered sur- 
faces reported in ref, 6. Also, 
smoother surfaces would give in- 
creased confidence in ignition by al- 
lowing for uncertainties in the simu- 
lations and variations in the surface 
features. Smoother surfaces could 
also ignite at lower drive energies. 
Typically, when a smooth finish is re- 
quired from a crystal growth process, 
slow, materialdependent techniques, 
such as epitaxial growth, are used. 
These techniques are generally not 
available for smoothing the fuel lay- 
ers for ICF. We have found that a heat 
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Fig. 2. An applied heat flux smooths a solid 9 
multicrystalline surface. CF is the rms surface 
roughness in cm, and the temperature gradient is in 
Wcm 

flux applied to the surface of muticrystalline solid hydrogens formed on flat substrates 
smoothes their  surface^.^ This is seen in Fig. 2, where (T is the rms value of the 



surface roughness, plotted against the thermal gradient at the surface of the solid pro- 
duced by an applied heat flux. The solid line is a theoretical explanation based upon 
energy minimi~ation.~ We have developed a technique for producing such a heat flux 
on the solid D-T surface in an ICF capsule. This involves heating the vapor on the 
interior of the capsule by driving the free charges that result from beta-decay of the 
tritium with an applied microwave field. Smoothness down to a few tenths of a mi- 
cron, rms, have been achieved in toroidal celk7 The effective thermal gradient at the 
ice surface can also be increased by applying bulk heating to the solid. Work at our 
laboratory has developed infrared-absorption as a bulk heating method.8 This de- 
pends upon the hydrogen isotopes absorbing infrared radiation by molecular vibra- 
tion. The source must be tuned for each isotope, or isotopic mixture. It may be the 
only way to form non-tritiated solid hydrogen fuel layers. 

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore 
National Labomto7 under Contract No. W-7405-Eng48. 
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