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Abstract 

Lawrence Livermore National Laboratory (LLNL) and Sandia National 
Laboratories/California have jointly constructed a new nuclear microprobe 
beamline. This beamline is located on the LLNL 10 MV tandem accelerator 
and can be used for multidisciplinary research using PDCE, PIGE, energy loss 
tomography, or IBS techniques. Distinctive features of the beamline include 
incorporation of magnet power supplies into the accelerator control system, 
computer controlled object and image slits, automated target positioning to 
sub-micron resolution, and video optics for beam positioning and 
observation. Mitigation of vibration.; was accomplished with vibration 
isolators and a rigid boamline design while integral beamline shielding was 
used to shield from stray magnetic fields. Available detectors include a 
wavelength dispersive X-ray spectrometer, a High-Purity Germanium 
detector (HPGe), a Lithium-Drifted Silicon X-Ray detector (SiLi), and solid 
state surface barrier detectors. Along with beamline performance, results from 
recent measurements on determination of trace impurities in an 
International Thermonuclear Experimental Reactor (ITER) super conducting 
wire strand, determination of Ca/Sr ratios in seashells, and determination of 
minor and trace element concentrations in sperm cells are presented. 

This work performed under the auspices of the U.S. Department of Energy at the 
Lawrence Livermore National Laboratory under contract W-7405-Eng-48 and at 
Sandia National Laboratories/California under contract DE-AC04-94AL85000. 



Introduction 
At the time of the last conference on Nuclear Microprobes, the Ion 

Micro Analysis Group (IMAG) at Livermore was primarily using the 
technique of proton energy loss tomography to measure three-dimensional 
density variations of various materials!1!. Since that time, we have designed 
and built a new microprobe beamline as a research tool for use in a broad 
range of multidisciplinary sciences. This new beamline is located on the 
LLNL 10 MV tandem accelerator and uses Particle Induced X-ray Emission 
(PIXE), Particle Induced Y-ray Emission (PIGE), energy loss tomography, PIXE 
tomography, and Ion Back Scattering (IBS) techniques to characterize 
materials and components at micron-scale resolutions. 

The N e w Microprobe 
A picture of the new microprobe is shown in Figure 1. One unique 

feature of the beamline is the use of three cast iron box beams sitting on sand 
filled piers to provide a rigid beamline structure. The box beams are 
approximately 10 cm wide by 15 cm tall with a wall thickness of 1.3 cm. The 
upper box beam serves as the beam pipe or vacuum vessel for the ion beam. 
Because it is made of iron, the upper box beam also provides integral 
shielding from the effects of stray magnetic fields. Other features of the 
beamline are incorporation of magnet power supplies into the accelerator 
control system, an Oxford quadrupole triplet, and computer-controlled object 
and image slits. 

Figure 2 shows a picture of the target chamber used on the new 
microprobe. The body of the target chamber is a circular cylinder of diameter 
30 cm and height 76 cm. The chamber is pumped by a 200 1/s Leybold turbo 
pump with magnetically levitated bearings. After samples have been inserted, 
it normally takes less than 30 minutes to achieve an operating vacuum of 
approximately lxlO"6 Torr. 

For PIXE analysis we have two x-ray detectors; a lithium-drifted silicon 
x-ray detector and a wavelength dispersive spectrometer. The lithium-drifted 
x-ray detector has an active area of 80 mm 2 , an energy resolution of 170 eV at 
5.9 keV, and is positioned at a detector angle of 135°. The detector is mounted 
on a slide so that various solid angles can be selected. A maximum solid angle 
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of approximately 250 msr can be achieved. The wavelength dispersive 
spectrometer is a commercial model manufactured by Microspec Corporation 
of Fremont, California, USA and is installed at a detector angle of 145°. 
Microspec specializes in wavelength dispersive spectrometers for use on 
electron microprobes. The spectrometer holds five diffraction crystals and can 
detect x-rays from elements heavier than Li with a variable energy resolution 
ranging from a 2 to 40 eV. This detector is mainly intended for use in 
improving minimum detection limits. Because of its low efficiency, however, 
the wavelength dispersive spectrometer is primarily used with stationary 
un-scanned beams with target currents greater than a few nA and spatial 
resolutions greater than 5 microns^!-

Figure 1. The new microprobe beamline at Livermore. Image slits can be 
seen at the far left of the picture, while the object slits, quadrupole lens 

and target chamber can be seen at the center right of the picture. 

For PIGE analysis we use an Ortec HpGe low energy planar photon 
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spectrometer with an energy resolution of 270 eV at 5.9 keV. This detector is 
placed at a detector angle of 55° and has a maximum solid angle of 800 msr. 
This detector has been mainly used to study isotope ratios in heavy metal 
particulates. For ion back scattering or energy loss tomography analysis, 
standard silicon surface barrier detectors are used. 

Figure 2. The target chamber on the new microprobe beamline. Clockwise 
from the top, one can see the Oxford quadrupole triplet, the wavelength 
dispersive detector, the low energy gamma ray spectrometer, the central 
mechanical stage with associated video optics for beam positioning and 

observation, a solid state detector for ion energy loss work and a 
lithium-drifted silicon x-ray detector for PIXE measurements. 

For most measurements, the beam is scanned by post lens electrostatic 
deflection in a point by point raster model3!. The number of points per line 
and the number of lines per scan can be selected independently in steps from 
2 to 4000. The pattern generator is clocked either by an internal pulser giving a 
fixed dwell time per point, by external pulses from a charge digitizer giving a 
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constant charge per point, or by external pulses from a detector giving a 
constant number of events per point. Charge pulses from the digitizer are 
gated by the busy signal from the data acquisition so that the scan is only 
clocked when the acquisition system is alive. 

As a test of microprobe beam spot size for PIXE analysis, we performed 
both two-dimensional and one-dimensional line scans of a focused 100 nA 3 
MeV proton beam across an electroformed Cu mesh grid. The result of one of 
these scans is shown in Figure 3. With the assumption of a gaussian shaped 
beam and perfectly sharp grid edges, calculations indicate a spatial resolution 
of 1.1 microns in this particular case. For scanning energy loss tomography 
analysis (where beam currents are limited by detector count rate to about 
10,000 counts per second), we have obtained beam spot sizes of 0.3 microns. 

Recent Measurements 
One of the more common uses of our microprobe system is quality 

assurance testing associated with the development of specially engineered 
materials. An example of such an analysis is our investigation of an 
International Thermonuclear Experimental Reactor (ITER) superconducting 
wire. At issue was the poor performance of the wire after it had been plated 
with Cr and then annealed. It was suspected that this outer layer of Cr was 
diffusing into the superconducting wire during annealing and degrading its 
performance. 

Figure 4 shows Cr-K, Cu-K, Ta-L, Nb-K, and Sn-L distributions obtained 
using PIXE analysis from a representative ITER strand. The analysis was done 
with a two micron-diameter 3-MeV proton beam. Evident from the image is 
an inner core containing the superconducting Nb3Sn wires embedded in a 
CuSn matrix. Surrounding this inner core is a thin Ta diffusion barrier 
further encircled by a thick layer of Cu cladding that had been originally 
coated with a one micron thick layer of Cr. The Cu layer is needed to carry 
current when the wire is above superconducting temperatures. The normally 
high electrical conductivity of the Cu can be considerably degraded if trace 
impurities (such as diffused Cr) are present!4). Prior to our analysis, the 
majority of the original outer Cr layer had been chemically etched away to 
reduce induced secondary x-ray fluorescence effects. Apart from remnants of 
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Cr near the surface, the Cr signal in the rest of the scan consists solely of 
background continuum x-rays. Our analysis of this particular strand showed 
that if Cr was diffusing into the Cu it was do ng so at levels below 20 ppm. 
Other strands that we have examined have shown considerable evidence of 
Cr diffusion. A complete understanding of the conductivity degradation of 
the Cu cladding after plating and annealing remains to be established. 
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Figure 3. A two-dimensional scan and a one-dimensional line scan of a 
focused 100 nA 3 MeV proton beam across an electroformed Cu mesh 

grid. The grid spacing of the mesh was 12.7 microns (2000 mesh). 
Calculations indicate a beam spot size of 1.1 microns or less. 

We have also used the technique of PIXE as a marine 
paleothermometer. Using an Artica Islandica mollusk shell, we have 
obtained a continuous measure of the Sr/Ca ratio across its annual growth 
bands. A picture of the shell and the results of the measurement can be seen 
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in Figure 5. For the measurement, a beam spot size of approximately 20 
microns was used. In the measurement yearly growth bands are visible as 
high Sr/Ca ratios. During the summer months, when the shell is growing, 
the mollusk deposits shell with a relatively constant Sr/Ca ratio. During the 
colder winter months, the mollusk stops depositing new shell material and 
preferentially adsorbs Ca relative to Sr back out of its shell. This preferential 
adsorption of Ca is believed to correlate with the marine water temperature 
falling to below T C. We are continuing work on the possibility of correlating 
seasonal marine water temperature changes to Sr/Ca variability in certain 
species of mollusk;. 

Cr Cu Ta 

Sn Nb 

• 

I 1 
0.816 mm 

Figure 4. Cr-K, Cu-K, Ta-L, Nb-K, ar.d Sn-L distributions in a 
representative ITER super conducting wire strand. The area thought 
to be affected by diffusion of Cr was the Cu sheath surrounding the 

super conducting Nb3Sn strands embedded in the inner CuSn matrix. 
Apart from remnants of Cr near the surface, the signal in the rest of 

the scan consists solely of background continuum x-rays. 
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We are also applying the technique of PIXE to bio-mt lical applications 
in the area of sperm fertility. Some theories have suggested that there is a link 
between protamine concentrations in individual sperm nuclei and sperm 
fertility!5). Before our work, protamine concentrations were measured in bulk 
on millions of sperm at a time and there was no way to determine what 
percentage of morphologically normal sperm are bio-chemically defective and 
potentially infertile. Using PIXE we have be able to measure elemental 
profiles on individual sperm cells!6). By measuring the concentrations of P 
and S, we have been able to determine the amount of protamine as well as 
the total amount of DNA in individual sperm cell nuclei of fertile bull and 
mouse semen. This technique shows promise for use in resolving theories 
regarding the importance oi protamines to male fertility and the 
identification of biochemical defects that maybe responsible for certain types 
of male infertility. 
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Figure 5. A photograph and PIXE line scan of an Artica Islandica shell. 
In the PIXE scan, yearly growth bands are visible as high Sr/Ca ratios. 

Sr/Ca ratios correlate with marine water temperature. 
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Conclusion 
We have designed and built a new microprobe beamline located on the 

LLNL 10 MV tandem accelerator. With this new beamline we can use PIXE, 
PIGE, energy loss tomography, PIXE tomography, and IBS techniques to 
characterize materials and components at micron-scale resolutions. To date, 
We have used several of these tools in a broad range of multidisciplinary 
sciences. 
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