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Low-density foam shells are currently being 

employed as direct drive targets on the Omega laser facil-

ity at the University of Rochester. For cryogenic shots, 

only a thin layer of glow discharge polymer (GDP) is 

required over these foam shells to hold the D2 (or DT) fill 

provided the capsules are re-filled after cooling.  Room 

temperature surrogate experiments, however, require an 

additional permeation barrier of aluminum on GDP 

coated foam shells. This barrier should have a permea-

tion time constant of at least 4 h for D2 at room tempera-

ture. To study this coating, 0.1 !m layers of Al were 

deposited via magnetron sputtering onto the surface of 

GDP shells and GDP coated foam shells. The foam shells 

were 180 mg/cc resorcinol formaldehyde (RF) with a 

GDP thickness of 3-5 !m; the GDP shells used for this 

study had a wall thickness of 25-30 !m. Preliminary data 

shows that the permeation rate of D2 for smooth GDP 

shells is lower than for GDP coated RF shells with a simi-

lar thickness of Al. The main factor in this difference 

appears to be the surface roughness of the shells. 

 
 

I.  INTRODUCTION 

 
A type of direct drive inertial confinement fusion 

design consists of a foam capsule with a cryogenic D2 
layer extending inward beyond the foam layer.1 For near 
term experiments, however, it is advantageous to have a 
room temperature surrogate target instead. One of the 
advantages of the surrogates is that less effort is required 
to fill and field for the experiment so that more data can 
be collected in a given amount of time. This surrogate 
target is a ~900 !m diameter shell consisting of a high-
density (180 mg/cc) resorcinol formaldehyde (HDRF) 
shell with a 4-5 micron glow discharge polymer (GDP) 
capping layer. Finally a ~0.1 micron layer of sputtered Al 
is over coated on the shell to serve as a permeation barrier 
for D2 at room temperature. Figure 1 shows a cross 
section of such a target. The permeation loss of D2 from 
this target can be described in terms of an exponential 
with a given time constant. In order for the capsule to 

retain the fill gas during mounting and transport to the 
target chamber, it is necessary for the capsules to have a 
D2 permeation time constant greater than 4 h. 

 

 

Figure 1.  Spherical sector of aerogel direct drive capsule 
for room temperature (cryogenic surrogate) shots. The 
0.1 μm thick aluminum coating forms the outermost layer 
of the target. 

 
Much work is invested in GDP coated foam shells 

prior to Al coating, so it is of particular interest to 
increase the yield of shells that can hold the D2 fill. After 
GDP and Al coating the yield of foam shells that fulfill all 
the specifications and hold gas with a 4 h time constant is 
less than 1%. Since the permeation rate of D2 through the 
capsule is dominated by the aluminum coating, it is likely 
that the interface between the aluminum and the plastic 
coating strongly influences the permeation. This paper 
investigates the effects that GDP surface roughness has on 
the permeability of D2 through a thin (~0.1 !m) magne-
tron sputtered Al layer. By using GDP shells without the 
foam, the roughness of the shells could be better con-
trolled allowing a better comparison of roughness and 
permeation rates. This data can then be compared against 
that of a GDP coated HDRF shells of varied roughness. 
Details on the Al coating technique as well as GDP sur-
face characterization will be presented and correlated to 
the D2 permeation time constant. 

 

II.  EXPERIMENTAL 

 
Full density GDP mandrels of various surface rough-

ness and wall thickness ranging from 25-30 !m were pre-



pared for this study. In addition high-density RF foam 
shells with a 4-5 !m capping layer of GDP were fabri-
cated and investigated. The roughness of the GDP layer 
was measured using the Veeco NT3300 instrument, an 
optical profiler for 3D surface topography measurements. 
All shells used for this study spent the majority of their 
time under vacuum or filling with D2 in a high-pressure 
fill tube. Their exposure to air was kept to a minimum. 

 
Full density GDP shells are fabricated by overcoating 

PAMS (poly-!-methylstyrene) mandrels with GDP by a 
plasma enhanced vapor deposition process. During the 
GDP deposition, the mandrels are agitated by bouncing in 
a pan to provide a uniform coating over the entire surface. 
The PAMS is then removed by depolymerization and 
volatilization at 300°C, leaving a freestanding GDP shell.2 
HDRF aerogel shells are fabricated by a microencapsula-
tion process using a triple orifice droplet generator. The 
wet shells are then dried with a supercritical CO2 drying 
process, and finally a thin GDP capping layer on the order 
of 4-5 microns is coated over the shell.3 

 
Prior to Al coating the shells were placed on Gel 

Pack, a sticky surface that keeps the shells stationary 
during coating without leaving a noticeable reside on the 
shell. A magnetron-sputtering source was used to deposit 
the Al layer. The background pressure in the chamber 
prior to sputter deposition was on the order of ~10-6 torr 
and was backfilled with 5 mtorr of argon. A direct current 
power supply was used to supply 100 Watts to the 
magnetron-sputtering gun. The substrate to source 
distance was 12 cm, and the temperature of the substrates 
reached 85°Ce during coating. Figure 2 shows the typical 
setup for such a coating. 

 

 

Figure 2. Typical Al coating setup. Distance was set at 
12 cm. 

 
Previous work done on Al permeation barriers stud-

ied the effect of coating parameters on D2 gas retention.4,5 

Stalk mounting of full density GDP shells was used in 
these test cases. Stalk mounting the shells was not used as 
an agitation mechanism during the Al coating in this work 
since GDP coated foam shells are extremely fragile and 
are prone to cracking under such handling. In addition the 
yield of Al-coated foam shells with a sufficient permea-
tion time constant is very low, so coating many shells at 
once on gel pack is a time saving process over stalk 
mounting and Al coating one shell at a time. A flip coat-
ing technique is used to coat Al on the outer surfaces of 
shells (Fig. 3). Once one side of the coating is completed 
they are flipped over using a vacuum chuck to expose the 
uncoated GDP region that was previously in contact with 
the Gel Pack. An optical microscope is used to align the 
shells in the proper orientation prior to each coating. 
Surrogate full density GDP shells act as a witness when 
coated along side GDP coated foam shells. 

 

 

Figure 3. High-density RF foam shells and full density 
GDP shells are magnetron sputter coated with Al using a 
2-step flipping technique. Surrogate full density CH shells 
act as a witness for gas retention measurements. 

 
Following Al deposition the shells were removed 

from the Gel Pack and inspected for dents, cracks, or any 
other features that would render the target unusable. 
Following this step they were placed in a pressure vessel 
and were filled to 2.0 atm at room temperature using D2 
as the fill gas. The time constant was measured using a 
mass spectrometer made specifically for measuring 
spherical time constants of ICF targets.6 

 

III.  RESULTS AND DISCUSSION 

 
Since the shell sits stationary during the Al coating, a 

thickness gradient is established across the surface of the 
shell. During coating the poles of the shell are coated 
more thickly than the equator of the shell. To adequately 
resolve the thickness non-uniformity of the deposited Al 
layer, a subset of shells were coated beyond the target 
specification to ~18 !m (at the thickest pole region) for 
the purpose of falling within the measurable bounds of 
contact radiography.7 The final thickness was found to 
deviate by ~50% around the shell (Fig. 4). From this data 
we expect the coating to vary from 500-1000 Å around 
the shell of an actual target, with the equatorial region 
having thinnest Al layer. 

 



 

Figure 4. (a) Radiograph image used to measure thickness 
non-uniformities of the sputtered Al layer. (b) Radio-
graphy data was taken on a shell with only one side 
coated Al coated. The data was inversed and the sum of 
the two sets was found giving the Al layer thickness 
deviation around the shell in one plane. 
 

Four types of GDP surfaces with differing roughness 
were used in this study:  (a) GDP shells that had a fairly 
smooth surface finish on the order of 20-30 nm RMS, 
(b) shells with many isolated dome defects, (c) shells with 
an increased background roughness, and (d) GDP-coated 
HDRF shells. The surface roughness on the shells with 
many isolated defects were produced by vigorous pan 
bouncing during the GDP coating process in a plasma  
 

enhanced chemical vapor deposition (PECVD) system. 
This created shells with many isolated defects on the 
order of 1-5 microns in diameter, and an RMS roughness 
of ~60 nm. In order to fabricate shells with a high 
frequency roughness, plasma etching was used. For 
plasma etching an identical apparatus to that used for the 
GDP coating was used, but without the introduction of a 
hydrocarbon gas. Plasma etching for ~17 h produced 
shells with an increased background surface roughness, 
with an RMS roughness of ~44 nm. Figure 5 shows 
optical profiler images as well as optical photographs of 
the various surface finishes. 

 
In general, the smooth plastic shells coated with 

aluminum had longer permeation rates than similar GDP-
coated RF shells, as shown in Fig. 6. The major difference 
between these two types of shells was surface roughness. 
Full density GDP shells have a RMS roughness of 
~20 nm as compared to GDP-coated foam shells which 
have an RMS roughness of greater than 50 nm. 

 
To investigate roughness more carefully, a series of 

full density shells with controlled roughness were meas-
ured (Fig. 7). As discussed earlier in Sec. II, three major 
classes of surface finishes were produced:  smooth shells, 
shells with high frequency roughness, and shells with 
many isolated defects. The smooth GDP shells coated 
with Al consistently had a longer permeation constant 
than similar shells with a rougher surface. It appeared that 
this was independent of the type of surface roughness. 
The shells tested with a roughness dominated by large 
isolated defects had similar D2 permeation rates as those 
with higher frequency roughness. 

 

 

Figure 5.  Shells of varying roughness were produced and Al coated to test the roughness effect on D2 permeation. The 
images above are contour plots from optical profiling data (with the curvature of the shell removed), and the images in the 
bottom row are pictures from an optical microscope. 



 

Figure 6.  The D2 permeation rate of shells from 5 
separate aluminum coating runs. The full density CH 
shells (squares) typically had a higher time constant than 
foam shells (circles), independent of the Al coating batch. 

 

 

Figure 7.  D2 permeation time constant after Al coating of 
3 different sets of GDP shells with different roughness. 
The smooth shells (A) consistently had a longer perme-
ation time constant than the rough shells (B and C). 

 
Also investigated was how the surface roughness of 

GDP coated foam shells affected the D2 time constant.  
The data in Fig. 8 data shows that foam shells with a 
smoother GDP surface held D2 more effectively than 
rougher shells. Those shells with a GDP RMS roughness 
of less than 50 nm held gas 80 % of the time above the 
4 h D2 time constant design specification. In comparison 
those GDP coated foam shells with an RMS roughness of 
greater than 50 nm had a 0% yield of shells meeting the 
4 h time constant specification (Fig. 8). Although the 
smoother shells had a much better yield of shells with an 
acceptable permeation rate, there is a wide range of time 
constants. This suggests that there may be other variables 
involved such as accuracy of the inversion of the shells 
during the flip coating method, debris on shells, or local 
variations in smoothness of the shells. 

 
IV.  CONCLUSION 

 
Gas retention measurements showed a correlation 

between the variations in GDP surface and D2 permeation 
of the Al coated surfaces. From comparisons between  
 

 

Figure 8.  Roughness vs. D2 time constant for some Al 
coated HDRF shells. Rougher foam shells had a lower 
yield that met the 4 h D2 time constant requirement. 

 
shells with different surface roughness, the trend shows 
GDP shells with a rougher surface and more isolated 
defects do not hold gas as well as those GDP shells with a 
smoother surface. Although other factors that may affect 
the permeation rate have not been eliminated, the data 
indicates that starting with smoother surfaces can provide 
better gas retention in these Al coated shells. 

 
ACKNOWLEDGMENTS 

 

Work supported by the US Department of Energy 
under DE-FC03-92SF19460. 

 

REFERENCES 

 

1. S. SKUPSKY, et al., �Advance Direct-Drive Target 
Designs for NIF,� Third International Conference on 

Inertial Fusion Sciences and Applications (IFSA 2003); 
Am. Nucl. Soc. Inc., La Grange Park, Illinois (2004) p. 61. 

2. B. W. MCQUILLAN, et al., �The PAMS/GDP Process for 
Production of ICF Target Mandrels,� Fusion Technol. 31 
(1997). 

3. R. PAGUIO, et al., �Improving the Wall Uniformity of 
OMEGA Sized Resorcinol Formaldehyde Foam Shells by 
Modifying Emulsion Components,� Fusion Sci. Technol., 
this issue. 

4. M. D. WITTMAN, et al., �Controlling the Permeability of 
Shinethrough Barriers on Inertial Fusion Targets,� 
Presented at the 12th Annual Target Fabrication Specialist 
Meeting, Jackson Hole, Wyoming (1998). 

5. M. BONINO, et al., �Retention of D2 and DT in Plastic 
Shell Targets Using Thin Aluminum Layers,� Presented at 

the 11th annual Target Fabrication Specialist Meeting, 
Orcas Island, Washington (1996). 

6. E. L. ALFONSO, J. S. JAQUEZ, and A. NIKROO, �Using 
Mass Spectrometry to Characterize Permeation Half-Life of 
ICF Targets,� Fusion Sci. Technol. 49, 773 (2006). 

7. H. HUANG, R. B. STEPHENS, S. A. EDDINGER, 
J. GUNTHER, A. NIKROO, K. C. CHEN, and H. W. XU, 
�Nondestructive Quantitative Dopant Profiling Technique 
by Contact Radiography,� Fusion Sci. Technol. 49, 650 
(2006). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.2
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




