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TARGET MOUNTING SYSTEMS FOR REP-RATED LASERS 

N.B. Alexander, D.T. Goodin, and R.B. Stephens 

General Atomics, P.O. Box 85608, San Diego, California 92186-5608 
neil.alexander@gat.com 

GA is developing the target fabrication and 
insertion capabilities required for a >100 TW rep-rated 
laser to be built at Ohio State University. We will be 
assembling an integrated system that includes mass 
target production, separation and assembly onto 
carriers, rapid insertion and precise alignment. We will 
describe target-mounting methods we have investigated 
for holding targets on target carriers at a repeatable 
position with respect to location fiducials fabricated 
into the carriers. The effect of shaking the target carrier 
on the repeatability of the target location will be 
examined. Alignment of the target using the carrier 
fiducials will also be described. 

 

I.  INTRODUCTION 

We are developing a target insertion and alignment 
system for the Science Center for Advanced Research 
on Lasers and Engineered Targets (SCARLET) at Ohio 
State University. The system is being developed to be 
suitable for a single beam, peta-watt class laser running 
at rep-rates of up to 1 Hz with 10 to 100 J/pulse 
expected. It is planned to insert up to 1000 targets/day 
and align them to within 10 μm of the desired location. 

A variety of targets are anticipated. Many will 
likely be of 2 1/2 D style. These are targets that are thin 
rectangular blocks of one or more layers of material, 
potentially with some structure on the large faces such 
as steps, pits, or bumps. More complicated targets, such 
as cone-and-wire targets, are also of interest. 

At these powers and energies, the experiment will 
occur in a vacuum. Debris from a shot target can easily 
damage successive targets. To avoid this target fratri-
cide, targets awaiting a shot must be well removed and 
out of the line-of-sight of the target being shot. The 
electro-magnetic pulse (EMP) generated at these power 
levels also has to be taken into account when consider-
ing the target alignment system and target positioning 
equipment. 

With these requirements and constraints we have 
selected a target insertion and alignment scheme that 
utilizes targets that are individually mounted to separate 
target carriers (Fig. 1). Targets are mounted to the car-
rier with thin fibers to minimize the influence of the 
carrier on the target/laser interaction. Fiber mounting of 
laser fusion targets is a long established technique,1 
however in this case considerable time is taken to align 
the lasers directly onto the target. Individual target/ 
carrier assemblies allows the insertion system to keep 
the targets separated to avoid fratricide. The alignment 
is accomplished by using fiducial marks on the carrier. 
This allows the alignment to be optimized for the 
fiducial marks, rather than having to adjust to a 
continually changing target shape. An external metrol-
ogy station measures the offset of the target from the 
fiducial marks on the carrier. The alignment system 
then uses this information to adjust for mounting loca-
tion variations between target/carrier assemblies. The 
carriers will have identification codes to allow each one 
to be distinguished. 

 

Figure 1. A target carrier is used for each target. 
Fiducial marks (apertures) are used to align target/ 
carrier assembly to the laser and diagnostics. 

 
The fiducial marks are a set of three apertures 

machined into the carrier. These have their optical axes 
set to be orthogonal, or nearly orthogonal, to each other. 
The fiducials are used both during assembly and during 
alignment of target to the laser. During assembly, the 
offset of the target to the fiducials is measured in the 
metrology station. Alignment is accomplished by three 
pairs of lasers and area CCD cameras (Figs 2 and 3). 
Each of the three diffraction spots is imaged to locate 
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each spot in two dimensions. These six positions allow 
the carrier to be located with respect to all linear 
positions and angular orientations. Since the system is 
afocal, both the cameras and the laser may be located 
outside of the vacuum chamber at a considerable 
distance from the target. This mitigates EMP damage to 
the cameras and lasers. 

 

Figure 2. The metrology station is used to establish to 
offset of the target from the fiducial marks on the 
carrier. Three orthogonal positioned apertures are used 
as fiducials. Each target is positioned to the same 
location in front of the target cameras. The offset of the 
diffraction spots produced by the lasers on the fiducial 
cameras is recorded for used by the alignment system 
on the laser chamber. A hexapod is used to move the 
target carrier is all six degrees of freedom. 

 

 

Figure 3. The target carrier is aligned using the diffrac-
tion spots produced by the lasers passing through the 
apertures on the target carrier. The spots are images by 
the CCD cameras. The offset of the target to the aper-
tures measured previously by the metrology station is 
applied to bring the target into alignment. The elec-
tronic alignment equipment, CCD cameras and lasers, 
are located outside of the vacuum chamber for reduced 
EMP exposure. 

 
The scheme of a target mounted in a carrier, with 

alignment to fiducials on the carrier requires two key 
features. One, that the fiducial alignment scheme must 
be highly repeatable. Two, that the target maintains a 

repeatable position with respect to the carrier. Move-
ment of targets on the carrier will corrupt the offset 
measurements made on the metrology station. Shipping 
and handling by the insertion equipment has the poten-
tial to cause target movement (e.g. stretched fibers). We 
have examined these two issues and report on them 
below. 

II.  TARGET ALIGNMENT 

Diffraction spots have been previously used for 
precision, long distance alignment2,3 of particle accel-
erators. In these cases, the Poisson spot produced by a 
spherical obstruction was used. In our case, with its 
shorter camera to object distances, it is possible to use 
the spot produced by Fresnel diffraction through an 
aperture. In Fresnel diffraction, the spot pattern varies 
with the number of Fresnel zone occurring in the aper-
ture. To get a pure Fresnel zone pattern the aperture 
diameter, Dn, and the aperture to camera distance, r0 are 
related by, 

 I(E) = F(E)�exp[" μ(E,#,Z)dx]$    , (1) 

 

where ! is the wavelength of the laser illumination, and 
n is the zone integer. Each odd zone number produces a 
pattern with a central bright spot. We have found that 
zone 3 produces a pattern with good contrast between 
the central bright spot and the surrounding dark ring; 
see the �2°� image in Fig. 4. 

 

Figure 4. The Fresnel diffraction spots shown are 
zone 3. The laser wavelength is 632 nm. Zone 3 
provides a bright central spot surrounded by a high 
contrast dark band. Note that the spot is maintained for 
significantly large tilt angles of the incident laser light. 
 

Repeatability of the diffraction spot measurements 
was tested. For Poisson spots 4 mm steel spheres were 
used. They were attached to either aluminum plates or 
glass microscope slides using either glue or magnets. 
For an aperture, a 2 mm diameter hole was drilled in an 
aluminum plate. A helium-neon laser, wavelength 
632 nm, was used to illuminate each of the diffracting 
elements. A CCD camera was set up 0.5 m behind the 
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diffracting element. The diffracting element was 
attached to a precision optical micrometer stage that 
allowed the target to be translated transverse to the laser 
beam-camera axis. The position of the diffracting ele-
ment was determined from the centroid of the central 
bright spot. Since the system is afocal, motion of the 
diffracting element is directly replicated on the image 
plane of the camera. Thus the pixel pitch of the camera, 
10 μm, can be used to translate the pixel displacements 
of the spot into linear displacements. Central spot sizes 
were approximately 160 μm is diameter. The central 
bright spot thus contained a substantial number of pix-
els, which allows spot location to be determined to a 
small fraction of a pixel. Data series were taken where 
the diffracted element was translated in steps of 100 μm 
several times in one direction, and the location of the 
central spot noted at each step. Ten steps were used for 
Poisson spots and four steps were used for Fresnel 
spots. Each data series would relocate the target to the 
same locations using the optical micrometer stage. Data 
series were compared by taking the difference of the 
camera reported positions of each step of the series. The 
average of the differences and standard deviation of the 
differences of all the steps were computed. The results 
are displayed in Table I. Most of the diffracting ele-
ments show repeatability at or near the one-micron 
level, well below the desired 10 μm. 

Table I. Repeatability of 
Diffraction Spot Alignment Schemes 

 

Considering both the difference average and its 
standard deviation, the Fresnel spot had a better repeat-
ability in both comparisons. From a volume manufac-
turing point of view, we also prefer machining aper-
tures into carriers, to the assembly of spheres on to 
carriers by gluing or other fastening technique. Since 
targets will not be mounted perfectly parallel to the 
carriers, the carriers will have to be reoriented (tip, tilt, 
rotation) to the fiducial laser beams. Thus, it is impor-
tant that the apertures (holes) produce central spots 
despite being somewhat tilted with respect to the beam. 
Tilting the aperture changes the path-length of different 

parts of the beam as they pass through the aperture. 
Examine Fig. 5, the biggest path-length differences 
occur between paths 1 and 3, and paths 2 and 3. 

 

Figure 5. For a tilted aperture (hole), light ray paths 
have different lengths. Consider light grazing top 
(path 1), bottom (path 3), and side (path 3), of hole. 
 

The path lengths for these paths are 

 Path 1= 2Z1 + (Z2 " Z1)2 + Y1
2    , (2) 

 

 Path 2 = (Z2 " Z1)2 + Y1
2    ,  and (3) 

 

 Path 3" (Z2 + Z1)2 + R2    .  (4) 

 

The path-length difference should be much less 
than a wavelength of light for the central diffraction 
spot to be well formed. For small hole thickness and 
diameter, and small tilt angles, the path-length 
difference is proportional to W!, indicating that thinner 
apertures will be more tolerant of tilt. The effect of tilt 
is shown in Fig. 4, where the aperture diameter is 
2.8 mm, the aperture thickness is 0.9 mm, the aperture 
to camera distance is 1 m, and the wavelength is 
632 nm. Acceptable spots are observed from �10° to 
17°, or averaging under the assumption of some 
misalignment ±13°. In this case, the difference between 
path 2 and path 3 is 0.3". The spot criterion is just met, 
indicating that further tilt will degrade the central spot. 
This is seen in Fig. 4. The ±13° tilt range exceeds the 
expected misalignment of targets to their mounts, so 
apertures are expected to work as alignment fiducials. 

III.  TARGET MOUNTING AND POSITION 

REPEATABILITY 

Target position with respect to the carrier must not 
change in order to allow the target to be aligned using 
fiducial marks on the carrier. Targets could move due to 
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stretching of the fibers or slippage of the glue joints 
caused by forces exerted on the target/carrier assembly 
during shipment and handling by the insertion equip-
ment. To test the stability of the target�s position, we 
have shaken mounted targets with known accelerations 
and measured the target�s position before and after. 

The targets were mounted to two parallel fibers 
stretched across an inside cord of a washer (Fig. 6). The 
fibers and the targets were attached using UV curing 
glue. An additional target was attached to the washer so 
that the corners of the washers nearly touched. Since 
the targets are micro-machined, the two corners of the 
two targets provide clean hard edges to measure 
between. One target being firmly fixed to the washer is 
the reference for the carrier. The fibers are 7 to 10 μm 
diameter carbon fibers. The targets are aluminum, 
1500 μm square by 50 μm thick. 

 

Figure 6. Aluminum targets were mounted using two 
parallel carbon fibers to a washer. The top target is 
attached to washer as a reference. The bottom target is 
glued to the fibers. The corner-to-corner distance 
between targets is measured. The washer represents the 
target carrier. 
 

Targets were shaken with a one-axis commercial 
shaker table [Fig. 7(a)]. The distance separating the 
corner of the mounted target from the corner of carrier 
reference target was measured optically with a 4! tele-
centric lens and a CCD camera. The targets were back-
lit with a monochromatic mercury-line light-table 
[Fig. 7(b)]. Not shown is a light shield that wrapped 
around the lens and descended down to the light table. 
Out-of-plane target movement will be examined at in 
future experiments. 

Initial results are shown in Fig. 8. In this set of 
data, the target was shaken at ±2 g�s peak-to-peak for 
10 minutes at various frequencies and directions. Each 
data point is the average of measurements taken from 
ten different images of the target. Pixel to linear dis-
tance conversion was taken as the pixel size, 4.65 μm/ 
pixel, divided by the lens magnification of 4. This was 
verified with an optical resolution target. The shaking 
 

did not move the target significantly with respect to the 
alignment goal of 10 μm, with the exception of sample 
run 6. A lighting issue (incomplete replacement of the 
light shield) is suspected, since in subsequent tests the 
measurements of the target returned to their original 
separation. 

 

Figure 7. (a) Targets were shaken with a shaker table. 
(b) Targets were imaged to measure their separation. 

 

 

Figure 8. Target to carrier reference fiducial separation 
did not change after shaking. 

 
The initial results are encouraging, but limited in 

scope. Further tests are planned. These include adding a 
side view, using higher accelerations, using other types 
of fiber, examining the effect of impulse loads such as 
having the carrier dropped into a kinematic mount, and 
putting the carrier through an real shipping cycle. 
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IV.  CONCLUSIONS AND FUTURE WORK 

We have developed a target-mounting scheme for 
high power, rep rated lasers based on a target that is 
fiber mounted into a carrier, with alignment of the tar-
get based on fiducial marks on the carrier. The two key 
features required for this scheme have been investi-
gated. The alignment scheme of using zone 3 Fresnel 
diffraction spots as the fiducial marks has been shown 
to be repeatable at levels well below the desired 10 μm. 
Initial tests on the mounting of targets on two parallel 
carbon fibers has shown that the target position on the 
carrier is also stable to much better than the desired 
10 μm. However, further tests of this are needed using 
more strenuous accelerations and shaking of the target 
carrier assembly. 

ACKNOWLEDGMENT 

This work supported by Ohio State University and 
Department of Energy contract number DE-AC52-
06NA27279. The authors wish to thank R. Petzoldt for 
his analysis and experiments on the diffraction spots, 
 

and thank B. McQuillan, J. Bousquet, and D. Frey for 
their work on the target mounting experiments. 

REFERENCES 

1. B. A. BRINKER, J. M. CAVESE, J. R. MILLER, S. 
G. NOYES, S. SHEBLE, L. T. WHITAKER, 
�Inertial Fusion Target Mounting Methods: New 
Fabrication Procedures Reduce the Mounting 
Support Perturbation,� J. Vac. Sci. and Technol. A 1, 
941 (1983). 

2. I. FEIER, H. FRIEDSAM, M. PENICKA, �The 
Poisson Alignment Reference System 
Implementation at the Advanced Photon Source,� 
Proc. of the Fifth International Workshop on 
Accelerator Alignment, Advanced Photon Source, 
Argonne National Laboratory, Illinois (1997). 

3. L. V. GRIFFITH, �The Poisson Line as a Straight 
Line Reference,� Proc. of the First International 
Workshop on Accelerator Alignment, Stanford 
Linear Accelerator Center, Stanford University, 
California (1989). 



<<
  /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


