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ABSTRACT 
We describe apparatus for rapidly manipulating a hollow gl 

sphere laser fusion target and scanning the entire wall with a 
interference microscope. 
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One of the most difficult problems in the use of hollow glass micro
spheres for inertial confinement fusion targets is that of inspecting the 
entire wall of the tiny spheres for defects. In a previous report^ we de
scribed a manipulator for rolling the spheres about their center during in
spection. Here we describe how a computer controlled version of the manipula
tor is combined with a modified interference microscope to provide rapid 
interferometric characterization of all points on the microsphere wall. 

Figure 1 shows the basic operation of the manipulator. The microsphere 
2S held between two soft, flat, silicon rubber pads about 0.5 mm in diameter, 
ihe glass capillary tubes which support these tips are held in carriers, and 
each carrier is attached to an x-y-z manipulator. As the tips are translated 
equal amounts in opposite directions, the sphere rolls about its center with
out overall motion. Moving the tips in two perpendicular directions provides 
rotation of the sphere about two orthogonal axes. 

The tips are translated by x-y stages driven bv stepping motors. The 
stepping motors are controlled by a programmed minicomputer. The controlling 
computer program can drive the manipulators in any desired scan pattern. The 
system also has a nanual control which can be used instead of a programed 
scan for inspecting some particular defect in detail. 

A ball in the manipulator could be inspected with an ordinary single 
pass interference microscope. A double pass interferometer would, however, 
be oreferable. A double pass instrument is twice as sensitive to wall thick
ness variations and has the advantage of greater flexibility. It can be used 
for either reflection or transmission measurements, and one can easily intro
duce a linear phase gradient across the field of view. This is very useful 
for analyzing defects in concentricity.2 Unfortunately, a double-pass inter
ferometer ordinarily requires that the microscope Jie focused on a mirror sur
face with the sample lying on this mirror. This is obviously incompatible 
with the ball manipulator. 

We have modified a Twyman-Green double pass interferometer to be compat
ible with the microsphere manipulator. The arrangement is shown in Figure 2. 
A second set of objectives in each arm in effect focuses an image of a mirror 
in the focal plane of each primary microscope objective. The two additional 
lenses are a matched pair, and by carefully matching the distance between 

* Work performed under the auspices of the U.S. Energy Research and Develop
ment Administration, contract No. H-7405-Eng-48. 
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Figure 1. Operation of the microsphere manipulator, (a) The sphere 
is inserted between the manipulator pads with a vacuum chuck, (b) 
The pads are moved together to grasp the sphere, (c) Translation of 
the tips rolls the ball about its center. 

these new lenses and their associated mirrors v/e can make interference meas
urements with white light as well as with monochromatic illumination. Fig
ure 3 is a white light interference photograph of a ball in the manipulator. 
The resolution of the instrument is the same as that of the unmodified double 
pass interferometer with a 25X objective: 1 um spatial resolution and A/10 
phase resolution (about 0.05 \a?. for defeats in the wall of a glass micro
sphere. ) 

Our system combines the resolution of a double pass interference micro
scope with the capability of rapidly and precisely placing the ball in any 
desired Grientation. This assures that no defects are overlooked, and the 
optimum orientation is used for measuring each defect. 
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Figure 2. Schematic diagram of the modified double pass interference microscope used to examine microspheres in the manipulator. 



Figure 3. White light interference picture of a hollow glass 
microsphere in the manipulator. A defect has been rotated to 
the center of the field of view for measurement. 
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