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X-Ray Extinction in Piezoelectrically Oscillating Crystals
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(Received March 30, 1935)

The original work of Fox and Carr on the effect of piezo-
electric vibrations of quartz crystals on the Laue patterns
has been continued and extended to include tourmaline and
Rochelle salt. The effect of different surface conditions on
the Laue patterns has also been studied. The results ob-
tained for all three types of crystals were similar, though
the effects were most pronounced in quartz. Quartz is

undoubtedly the best material for the study of x-ray
extinction in piezoelectric crystals. The increased blacken-
ing of the spots in a Laue pattern resulting from piezo-
electric oscillation is explained as a consequence of de-
creased extinction brought about by the warping of the
lattice planes during the vibration.

INTRODUCTION

N 1931,' it was observed that the intensity of
- - the Laue diAraction patterns of quartz was
greatly increased when the crystal slip was
oscillating piezoelectrically. Since that time, a
number of investigators' "have studied various
phases of the general problem of the reHection of
x-rays from crystals subjected to mechanical or
piezoelectric strain. The results reported here
further contribute to an understanding of the
relations between x-ray reHection, surface con-
ditions, and piezoelectric oscillation in crystals.

EXPERIMENT@X,

(l) The law of blackening

The law of photographic blackening for the
x-rays used in this experiment was determined
in the usual way. The opacity of the spots was
measured by the microphotometer and the den-
sity of each was calculated and plotted against
the logarithm of the corresponding time. The
blackening proved to be linear above a density
of 0.3.

(2) The effect of piezoelectric oscillation on
Laue patterns

The increased blackening of the spots in a
Laue pattern which results from piezoelectric os-
cillation of a quartz specimen is very striking,
but, for tourmaline and Rochelle salt, it is barely
noticeable. The examination of a large number
of corresponding pictures involving specimens of
quartz, tourmaline and Rochelle salt, oscillating
and nonoscillating, leads to the following obser-
vations.

(a) The pattern of the oscillating specllllen 18

in every case uniformly increased in intensity
over that of the nonoscillating specimen.

(h) Where the crystal slip is thick enough to
show double spots, each spot of a pair appears
to have the same intensity. Fig. I shows typical
microphotometer traces of symmetrically located
pairs of spots in the pattern produced by a Y-cut
quartz plate.

(c) In every instance, individual spots in the
Laue patterns are better resolved and sharper
for the nonoscillating case. This applies to all
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Japan 13, 211 (1931). Flo. 1. Microphotometer traces of double spots.
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FIG. 2. Laue photographs of quartz, nonoscillating (A), FIG. 3. Density of Laue spots vs. voltage on crystal plate.
oscillating I'8).

crystals studied: quartz, Rochelle salt, tourma-
line. 'The boundaries of the spots appear fuzzy
and somewhat indistinct when the crystal is os-
cillating, and, for thick quartz specimens in
which complete resolution of the double spots
occurs when the plate is not oscillating, a slight
additional darkening appears between the spots
of a pair under conditions of oscillation. "

(d) A more complete pattern results when the
crystal is oscillating. This does not mean that
any additional spots appear for the oscillating
case but that spots representing high orders
which ordinarily require long exposures, come
out in a shorter time.

(e) A curious observation is that, when a speci-
men is oscillating, the central spot caused by the
undeviated primary beam appears to be more
intense. At least the image covers a larger area
on the film than in cases where the specimen is
not osciiiating (Fig. 2). This has been observed
for all the crystals studied.

(3) The effect of amplitude of vibration on the
pattern of the oscillating crystal

In the preliminary investigation of Fox and
Carr, ' a chaoge in the intensity of the Laue pat-
tern was observed when the piezoelectric ampli-
tude of oscillation of the diffracting crystal was
altered. This was investigated more thoroughly
through a series of exposures in which the input
to the x-ray tube (75 kv, 13 miis) and the time
of exposuIe wele constant. but the d.c. voltage
on the plate of the„:pliotron was changed.

"C.C. Murdock, Phys. Rev. 45, 117 (1934).

To insure uniform treatment, the exposures
were all developed, and likewise fixed, simulta-
neously. The opacities of certain corresponding
spots in the patterns were determined by the
Inicrophotometer and the densities were plotted
against the corresponding plate voltages. Fig. 3
shows the data from a series of such exposures.
It may be observed that in all cases a maximum
exists. Beyond the maximum, the amplitude of
crystal oscillation decreases, probably because of
partial short circuiting resulting from the high
potentials developed across the crystal.

(4) The e8ect of etching the crystals

For this problem, a plate of quartz and a plate
of Rochelle salt were ground with No. 400 car-
borundum and Laue pictures were taken for each
specimen under oscillating and nonoscillating
conditions. The quartz plate was then etched
for 48 hours in a three percent solution of hydro-
Auoric acid and the Rochelle salt plate was placed
for a short time in water. Laue pictures were then
taken of the etched crystals oscillating and non-
oscillating. The quartz plate was again etched
for the same period and pictures taken. This
process of etching and picture taking was re-
peated for the quartz until the total period of
etching reached two weeks. Photomicrographs of
the surface of the plate were made at intervals
so that the smoothing process could be observed.
The results of the study are as follows:

(a) Etching does not change any of the rela-
tionships previously observed for the unetched
quartz CI ystal.
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(b) In the case of Rochelle salt, the Laue pho-

tographs of the etched crystal oscillating show

slightly increased intensity and a more complete
pattern with better spot resolution than do those
for the unetched crystal oscillating. For the non-

oscillating Rochelle salt crystal, the intensity of
the pattern for the unetched crystal is greater
than for the etched crystal ~ There is, however,
better resolution of individual spots and the pat-
tern is more complete for the etched crystal.

(c) The effect of etching is more evident with

quartz than with Rochelle salt. After the first
period of etching, a great increase in. intensity of
the Laue pattern of the oscillating crystal is evi-

dent, and the pattern is more complete than that
of the unetched oscillating crystal. Additional
etching, however, results in no further increase
but actually in a decrease of both the intensity
and completeness of the patterns. The surfaces
eventually become passive to further action of
the acid. For nonoscillating quartz crystals, etch-
ing appears to bring about decreased intensity of
the Laue pattern and to cause first an increase
and then a decrease in the completeness of the
pattern. The resolution of the individual spots is

better for the etched surfaces, though the first
period of etching produces most of the effect.

(d) Rochelle salt plates are so active that the
effect of etching on their oscillating properties is

not very apparent. The effect on quartz plates,
however, is to increase considerably the strength
of oscillation. Perhaps this treatment may find

commercial application.

DISCUSSION

The unusual diffraction of x-rays by oscillating
piezoelectric crystals seems to be intimately tied

up with the phenomenon of x-ray extinction and
a plausible explanation of the results herein
stated may be given on this basis.

By extinction is meant the unusually great
absorption of particular frequencies in an x-ray
beam of white radiation, the wavelengths and
glancing angles of which are such that multiple
reflections occur within each nearly perfect crys-
tal fragment. The extent to which extinction
occurs is dependent upon the size of the indi-

vidual fragments.
An ideally perfect crystal is one in which the

atoms throughout its entire extent are accurately
placed in accordance with the requirements of
an undistorted lattice. In such a perfect crystal,
there should be no reHection of a particular x-ray
wavelength from a set of planes until the grazing
angle approaches the particular value given by
the Bragg law (mX= 2d sin 0), at which the reflec-

tion should be complete over an angular interval
A8, after which it again falls abruptly to zero.
Quartz appears to approximate the conditions
representing a perfect crystal.

The inner parts of any crystal, provided it is

homogeneous throughout, must be more regular
than the surfaces where unbalanced forces be-
tween the atoms of the lattice will produce dis-
tortion. Just how much crystal should be in-

cluded in the term "surface" is not entirely clear,
but it seems reasonable to include all the outside
region where unbalariced atomic forces are evi-
dent. If a crystal is roughened with an abrasive,
its surface is rendered more imperfect by virtue
of the additional strains introduced. Under such
conditions, the "surface" must extend deeper
into the body of the crystal. If extinction occurs
in quartz, one would expect little or no contribu-
tion to the spots in the Laue pattern except from
the surface region. The formation of double spots
is in agreement with this point of view. As a
beam of white radiation strikes the first surface
of the crystal, it encounters a mosaic of small

crystallites and in these occur the diffraction
characteristic of the lattice. Because of the strains
present in this region, small variations of the
lattice constants and tilt of the atomic planes
will exist so that the various dX's selected from
the incident beam are wider than would be the
case under unstrained conditions. Proceeding
into the crystal, the lattice becomes more regu-

lar, until at a depth of a few thousand layers at
the most, the "perfection" characteristic of the
unstrained lattice is reached. The resolving power
of the lattice depends on the degree of this "per-
fection. " In the ideal case, the width of the d) 's

selected by this region would be extremely nar-

row, though finite, and, for those fulfilling the
Bragg conditions, complete reflections should

occur. Thus, the higher the degree of the lattice
perfection, the less x-ray energy will it be able
to contribute to the Laue diffraction images.
Even if the reflection should be complete for
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certain wavelengths, the spectral intervals are
so narrow that the actual energy contributions
would be quite negligible.

Under piezoelectric oscillation, a number of
mechanical pressure waves travel through the
crystal simultaneously and a standing wave pat-
tern occurs. As a result, the effective spacing
throughout the crystal will vary somewhat and
the central part of the crystal which, under non-
oscillating conditions, can reHect only a number
of very narrow wavelength intervals, now is able
to reflect wider ones and so can contribute con-
siderably to the reHection. It seems evident that,
because no additional spots appear on the pat-
terns of oscillating crystals, the variation in
grating constants must be small. The increased
intensity of each spot in the Laue pattern thus
results from a slight increase in the width of the
d X representing that spot. The fact that the spots
are always sharper in the patterns for the, non-
oscillating crystal bears out this idea.

It is not at all evident why the area covered
by the undeviated beam should be so much larger
and apparently more intense for the oscillating
cases. Perhaps increased scattering power results
from the oscillation, though this is only con-
jecture.

On the basis of the foregoing, one would nat-
urally expect increased amplitude of piezoelectric
oscillation to bring about increased blackening.
As the amplitude increases, the regularity of the
lattice is further distorted and this results in re-

duced extinction so that each spot in the diffrac-
tion pattern represents an increasingly wider d)
selected from the incident continuous x-ray spec-
trum. The fact that, in neither tourmaline nor
Rochelle salt is there any great increase in spot
blackening with increased amplitude of oscilla-
tion, indicates that, in these crystals, extinction
does not play as important a role as in quartz.
One might conclude that these crystals are not
as "perfect" as quartz.

Etching, by removing to some extent the irreg-
ularities existing on the surfaces of crystals, tends
to increase the extinction effects and so has an
opposite effect from that of piezoelectric oscilla-
tion. The great increase in spot blackening ob-
served after the first period of etching of the
quartz specimen can be attributed to the unusual
increase in amplitude of oscillation resulting
from such treatment. Since subsequent periods
of etching produce no further increase in black-
ening but actually a decrease, one can say that,
after a certain time of etching, further treatment
produces no further increased amplitude of oscil-
lation but does have an important effect in de-
creasing the random orientation of the surface,
thereby increasing the effects of extinction and
hence decreasing the intensity of the spots in the
pattern.

The writers are indebted to Professor J. V.
Atanasoff of this department for a number of
stimulating discussions of this paper.






