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A Hinature X-Ray Point Source for Alignment and 
Calibration of X-Ray'Optics. Robert H. Price, Michael 
J. Boyle and S. S. Glaros, Lawrence Livermore 
Laboratory.**—A minature x-ray point source of high 
brightness similar to that of Rovinsky, et al. 1 is 
described. One version of the x-ray source is used to 
align the x-ray optics on the Argus and Shiva laser 
systems. A second version is used to determine the 
spatial and spectral transmission functions of the x-ray 
optics. The spatial and spectral characteristics of the 
x-ray emission from the x-ray point source are described. 
The physical constraints including size, intensity and 
thermal limitations, and useful lifetime are discussed. 
The alignment and calibration techniques for various 
x-ray optics and detector combinations are described. 
"Supported by U. S. EROA Contract W-7405-ENG-48 
1 B. M. Rovinsky, V. 5. Lutsau and A. I. Avdeyenko, in 
V. E. Cosslett et al., X-Ray Microscopy and Micro
radiography, Academic Press, Inc., New York, 1957, 
pp. 269-277. 
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A MINIATURE X-RAY POINT SOURCE FOR ALIGNMENT 

AND CALIBRATION OF X-RAY OPTICS 

Robert H. Price, Michael J. Boyle and S. S. Glaros 

This report is a brief preliminary summary of a more extensive report 

detailing work carried out on the development of a miniature point x-ray 

source, similar to that of Rovinsky, et a l ,^ ' for the alignment and calibra

tion of the x-ray optics planned for the Argus and Shiva laser systems. 

X-ray microscopes of both the Wolter hyperboloid-ellipsoid axisymmetric 
(2) (3) 

type* ' and the four-channel Kirkpatric-Baez typev ' are mounted on the 

target chamber as shown in Fig. 1. The axisymmetric microscopes are capable 

of submicron resolution over a field of view of several hundred microns 

as shown in Fig. 2. The four-channel Kirkpatnck-Baez microscopes should 

also be capable of submicron resolution. 

For alignment purposes, the "side on" version of the miniature point 

x-ray source is placed in the target position. Polaroid photos of the 

x-ray source are then taken through the x-ray microscope as adjustments 

are made tc point and focus the x-ray microscope. The smallest dimension 

of the x-ray emitting region is approximately 1 \m so that resolution 

measurements can be made as the alignment proceeds. 

A second vsrsion of the point x-ray source is used for spatial and 

spectral calibration of the x-ray optics. Various aspects of this work 

are discussed briefly in subsequent sections of this paper. 

The "Side on" Version of the Point X-ray Source 

The "Side On" point x-ray source (Fig. 3) is used for alignment of 
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the x-ray optics planned for the Argus and Shiva laser systems. Design 
criteria for this device include: high brightness, small x-ray emission 
region, visibility from many directions, operating vacuum of 10 torr, 
simplicity of operation, and a unit size and weight consistent with mounting 
on the target positioner. The tungsten needle anode of the x-ray source 
is operated at 16 kV and draws 1 to 5 ua. The electron current arrives 
at the needle tip from the small tungsten loop filament after passing through 
a small limiting aperture. 

Figure 4 is an image of the x-ray emission region magnified 45 times. 
Figure 5 is magnified 136 times. The x-ray flux from both versions of the 
point x-ray source is approximately 10 photons/sec into 4ir steradians. 

The "End on" Version of the Point X-Ray Source 
This version of the point x-ray source (Fig. 6) is used for spatial 

and spectral calibration of the x-ray microscopes planned for the Argus 
and Shiva laser systems. The device consists of (Fig. 7): 1) a tungsten 

o 

needle anode at 16 kV with a point radius of typ ical ly less than 1000 A; 

2) a hemispherical cavity centered around the needle t i p which shapes the 

electr ic f ie ld l ines; 3) an aperture through which electrons are allowed 

to pass towards the needle t i p ; and 4) a tungsten loop filament which 

emits the electrons that bombard the tungsten anode. The anode current is 

typ ical ly in the range of 1 to 3 ua. The x-ray emission is viewed along 

the needle axis through the focusing aperture and the surrounding filament 

loop. The emission region imaged through a 9x axisymmetric x-ray micro

scope is shown in Fig. 8. The spot is 25 urn FWHM, of which 15 urn is 
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attributed to the x-ray source, 5 ym to the resolution of the microscope, 
and 5 um to imperfect focusing. 

Production of Tungsten Needles for the Point X-Ray Source 

The tungsten needles used in the point x-ray source are electrolytically 
etched in IN NaOH using a low voltage 1 KHz alternating current. Hydrogen 
evolves during one half cycle and etching takes place during the other 
half cycle. The convection currents from the bubbling hydrogen gas locally 
affect the etching rate and produce the characteristic shape of the needle 
tip. As the etching proceeds, the surface area of the needle tip is re
duced, causing the etching current to drop. A circuit senses the etching 
current and as it falls below a preset threshold,turns off the etching 
current and indicates that the needle is finished. The parameters which 
affect the needle tip shape are: the etching voltage and current; the 
initial diameter of the wire; the distance the wire is immersed in the 
etchant; and the threshold for etching current cutoff. The needles made 
in this way are very reproducible. An optical micrograph of a typical 
needle is shown in Figure 9. Scanning electron micrographs of the tip 
of the needle are shown in Figure 10. 

Needles can be made of materials other than tungsten, however, there 
will be some reduction in the power dissipation of the needle tip in the x-ray 
source due to the lower melting point of other materials. 
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Lifetime and Power Dissipation of the Needle Tip 

While in operation, there is an intense power flux incident upon the 
needle which will tend to degrade its point. Evaporation of the needle 
tip will occur at a rate dictated by its temperature. Figure 11 is a 
plot of the time for the needie to evaporate back 1 pm, versus temperature 
at the tip. With a cone angle of order 10°, a loss of 1 pm of tip length 
would produce an insignificant increase in spot size. As seen from the plot, 
evaporation from the tip is insignificant for temperatures in the neighbor
hood of 2400-2500°K. 

It is readily shown that power dissipation (P) at the tip scales as: 

R tan 0 = Co ^V V 
where 0 is the needle tip half angle, R is the radius of the x-ray emission 
region observed looking toward the needle tip along its axis, and C (T , T|) 
is a simple function of the tip temperature (T ) and the temperature of the 
ultimate heat sink (T^. C Q (T Q, Tj) is plotted in Figure 12 for two 
values to Tj. 

A needle operated for several days at 16 kV and currents of 1 to 5 ua 
is shown in Figure 13. 

The tip is also potentially subject to distortion due to the jfc pressure 

of the electric field, approximately 3 x 10 ^n|s; however, to date no 
cm 

such distortion has been observed. 
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Spectral Measurements with the Point X-Ray Source 

Although needles of materials other than tungsten may be used to generate 
characteristic line radiation, the point x-ray source is designed primarily 
to produce bremsstrahlung. A spectrum of the x-ray emission from the point 
x-ray source seen through a pinhole is shown fn Figure 14. At energies 
less than 1.5 keV the flux was attenuated by the 0.001-inch Be window of 
the lithium drifted silicon detector. The tungsten M lines at 1.8 keV and 
the tungsten La lines at 8.4 keV are clearly visible. Figure 15 is a 
spectrum of the point source seen through a 9x axisymmetric microscope 
with 1° grazing incidence nickel mirrors. The quotient of the two spectra 
yields an absolute measurement of the effective solid angle of the x-ray 
mirror as a function of energy. This calibration curve is shown in Figure 16. 

NOTICE 
"This report was prepared as an account of work 
sponsored by the United States Government. 
Neither the United States nor the United Slates 
Department of Energy, nor any of their employees, 
nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or 
implied, or assumes any legal liability or respon
sibility for the accuracy, completeness or 
usefulness of any information, apparatus, product 
or process disclosed, or represents that its use 
would not infringi: privately-owned rights." 

Reference to a company or product 
name does not imply approval or 
recommendation of the product by 
the University of California or the 
U.S. Department of Energy to the 
exclusion of others that may be 
suitable. 
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