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Preparing polished crystal slices with high precision orientation

S. Ipsen Mathiesen, L. Gerward, and O. Pedersen

Laboratory of Applied Physics III, Building 307, Technical University of Denmark, DK-2800 Lyngby, Denmark

(Received 20 March 1973; and in final form, 4 May 1973)

A polishing procedure is described which utilizes a high precision Laue technique for crystal orientation.
Crystal slices with their final polished surfaces paraliel to a crystallographic plane within 0.02 ° can be

prepared.

1. INTRODUCTION

Several experiments in crystal physics require a sample
with its surfaces parallel to a high degree of accuracy to a
specified crystallographic plane. The x-ray Laue technique
generally used for orientation can be considerably improved
if the normal to the crystallographic plane is a symmetry
axis.! In this case deviations less than 0.01° from the ideal
orientation can be detected using symmetry in intensity,
as well as position of characteristic line spots in the Laue
pattern.

The present paper describes an equipment for preparing
oriented crystal slices. The equipment was designed to
meet the requirement that the high accuracy mentioned
above should be utilized throughout the polishing procedure.
The final polished surfaces of a sample should be parallel
to a crystallographic symmetry plane within a few hun-
dredths of a degree.

2. EXPERIMENTAL PROCEDURE

Figure 1 shows the polishing jig standing on the lapping
plate. A crystal slice (S), cut within a few tenths of a degree
from the desired orientation, is mounted onto the sample
holder. The surface to be polished is determined by an
optically flat reference surface (R) of a glass ring attached
to the outer holder (O) of the jig. Three adjustment screws
(A) are used to correct the orientation of the sample.

If the sample is to be x-ray oriented while it is mounted
in the polishing jig, provisions must be made so that the
reference surface becomes perpendicular to the incident
x-ray beam. This is achieved by mounting the complete
polishing jig in a preadjusted holder (called the jig holder

F16. 1. Cross section of
the polishing jig standing
on the lapping plate. S—
Sample attached to the
sample holder; O——outer
holder; R—reference sur-
face of the outer holder;
A—adjustment screw for
correcting the orientation
of the sample.
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in the following) on the x-ray unit. The reference surface is
pressed against three preadjusted points of contact con-
sisting of small steel balls on the jig holder.

The jig holder and the x-ray collimator were mounted on
an optical bench during the preadjustment. An optically
flat vacuum-deposited aluminum mirror was pressed against
the three points of contact on the jig holder. A laser beam
was sent through the collimator. The position of the mirror
was adjusted until the laser beam was reflected back upon
itself. In this way the surface defined by the three points of
contact was adjusted perpendicular to the line defined by
the x-ray collimator to within 0.02°.

Once the jig holder is properly adjusted, it can be used
for x-ray orientation of a sample mounted in the polishing
jig. The sample is tilted by the adjustment screws of the
jig until the desired crystallographic plane becomes perpen-
dicular to the incident x-ray beam. In this position the
crystallographic plane will also be parallel to the reference
surface of the jig. The sample is then lapped and optically
polished on a lapping machine. The orientation of the
sample with respect to the reference surface can be checked
and corrected if necessary throughout the whole procedure.
The flatness of the reference surface and the prepared
sample surface is checked in interferograms taken with
sodium light using a quartz reference flat.

Figure 2 shows a Laue pattern of a {100} silicon crystal
slice. There is a perfect intensity symmetry of the char-
acteristic line spots. Comparing with the earlier results.! it
can be concluded that the {100} plane is perpendicular to

F1c. 2. Laue back re-
flection pattern of {100}
silicon crystal slice. The
crystal is properly ori-
ented with the {100}
plane perpendicular to
the incident beam. Mo
radiation, S0 kV, 10 mA.
The characteristic line
spotsappear with greatly
increased intensity com-
pared with the average.
Notice their symmetry
in position as well as
intensity.
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the incident x-ray beam within 0.01°. Identical Laue
patterns were obtained before and after the polishing
procedure.

The total uncertainty in the orientation of a sample
arises from the uncertainties in the optical preadjustment
of the jig holder and in the x-ray orientation of the sample.
It follows from the above that the main contribution is due
to the optical preadjustment in our case. The total un-
certainty will be close to 0.02°.
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