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established by Statue, of Kingsgate House,
66-74 Victoria Street, London, S.W.I, do
hereby declare the invention, for which we
pray that a patent may be granted to us, and
the method by which it is to be performed, to
be particularly described in and by the following statement:—
This invention relates to X-ray interferometers, more particularly to interferometers
which operate by division of amplitude.
A known type of amplitude-division interferometer is the Bonse-Hart X-ray interferometer which incorporates a crystal and uses
Bragg diffraction for splitting an incident
beam and directing the two interfering beams.
However, the maximum wavelength at which
the instrument can be used is of the order of
the crystal lattice spacing, and since the only
crystals having the required structural perfection are silicon and germanium, the
maximum wavelength is about a few tenths of
a nanometre. Further, the fringes are very
closely spaced and a further crystal must be
used to record them, by a method akin to a
Moire technique.
According to the invention, an X-ray interferometer comprises a film of material, first
support-means for supporting a first surface
facing one side of the film, second supportmeans for supporting a second surface facing
the other side of the film and substantially
opposite the first surface, the first and second
surfaces being relatively inclined at a small
angle, arranged so that when a beam of X-rays
is incident on the film at a glancing angle in
the plane in which said small angle lies, a first
part of the incident beam is, in sequence,
transmitted by the film, reflected by the first
surface, and reflected by the film as a first
partial beam, and a second part of the
incident beam is, in sequence, reflected by the
film, reflected by the second surface, and
transmitted by the film as a second partial
beam which intersects the first partial beam.
In one arrangement the film is of a material
of low X-ray absorption co-efficient, such as
a plastics material or beryllium, and the

support-means support first and second plane
surfaces of a material of high X-ray absorption coefficient, such as gold.
Usually the interferometer will further
comprise either means for rotating at least
one support-means about an axis so that the
small angle of relative inclination of the first
and second surfaces can be varied, or means
for moving at least one support-means so that
the perpendicular distance between that
support-means and the film can be varied.
This allows the wavelength at which the
interferometer can operate to be varied, and
allows the instrument to be used to measure
X-ray wavelength.
However, the interferometer may also be
used to investigate a sample, which may be
placed so that either the first part or the
second part of the beam is transmitted through
it. In another arrangement, provided a sample
to be investigated is of sufficiently high X-ray
absorption coefficient, the sample is supported by one of the support-means and itself
comprises either the first or the second surface. Usually the facility of varying the angle
of inclination will be required for sample
investigation, but for comparison of many
similar samples at a fixed wavelength, a fixed
angle may be tolerable.
Also according to the invention, an X-ray
interferometer comprises a first body of
material having a flat-bottomed groove
therein, at least a length of the groove
bottom comprising a material of high X-ray
absorption coefficient, a second body of
material having a plane surface facing said
length of the groove bottom, the plane
surface comprising a material of high X-ray
absorption coefficient, means for rotating the
second body about an axis parallel to the
plane surface and to the groove bottom and
perpendicular to the legnth of the groove, and
a plane film of material of low X-ray absorption coefficient covering the groove mouth.
The invention will now be described by
way of example with reference to the accompanying drawings in which:—
Figure 1 illustrates schematically in section
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the general arrangement of the interferometer according to the invention;
Figure 2 illustrates one embodiment; and
Figure 3 illustrates two methods of constructing the block shown in Figure 2.
In Figure 1 a film of material 10 and a first
plane surface 12 are arranged to be parallel
and a short distance apart. A second plane
surface 14 on the other side of the film 10 and
approximately opposite the first surface 12 is
rotatable about an axis perpendicular to the
plane of the drawing, as indicated by the
adjacent arrows, so as to be either parallel to
the first surface or to make a small angle with
it.
When a beam of X-rays 16 from a source 17
is incident on the film 10 in the plane of the
figure at a glancing angle A (the angles in the
figure are exaggerated for clarity) a first part
of the beam is transmitted by the film, reflected by the first surface 12 towards the
film, again at the glancing angle, and partly
reflected by the film as a first partial beam 18.
A second part of the incident beam is reflected by the film, reflected by the second surface
14, and partly transmitted by the film as a
second partial beam 20. If the surfaces 12,
14 were precisely parallel, and equidistant
from the film 10, the first and second partial
beams 18, 20 would precisely coincide, there
would be no path difference between them
and, depending on their relative phases after
the various transmissions and reflections,
they would either reinforce each other or
completely cancel. Usually, however, the
surfaces will not be precisely parallel, the
partial beams will have slightly different
directions as shown and will intersect at B and
form interference fringes.
F o r maximum intensity and visibility, the
film 10 should transmit 50% and reflect 50%
of the incident beam, and the surfaces 12, 14
should be 100% reflecting. The best approach
to this is achieved by having the film 10 of a
material of low X-ray absorption coefficient,
such as beryllium or a plastics material, and
by having the surfaces of a material of high
X-ray absorption coefficient, such as gold,
usually as a coating on a substate. As is well
known, the critical glancing angle below
which the reflection of X-rays occurs depends
on the aborption coefficient of the reflecting
medium. Usually angle A will be a few degrees
or less, and small changes in the angle will
alter the proportion of reflected to transmitted
radiation. The critical angle also depends on
the wavelength, and the range over which the
interferometer can be used is between about
0-05 nanometres, at which the glancing angle
must be a few minutes of arc, u p to 30 nanometres at which the glancing angle may
approach 10°.
The film of material 10 used as a beam
splitter must be thin in order to minimise
absorption of the X-ray beam. With glancing
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incidence the path length of the beam within
the film is not insignificant. For long wavelength X-rays the film should be a fraction
of a micron in thickness; for shorter wavelengths, a thicker film may be tolerable.
70
It will also be clear from Figure 1 that other
interfering partial beams are produced, for
example those indicated by the broken lines
22, 24. It is an advantage of using the partial
beams 18,20 that each has been reflected once 75
and transmitted once by the film, and the
beams provide therefore the most symmetrical
arrangement.
Interference also occurs at point C, but
here the interfering beams make a large angle 80
with each other and the fringes would be very
closely spaced. The fringes produced at
point B are much more widely spaced because the interfering beams are almost
parallel. At B, the fringe spacing can be 85
altered by altering the angle of the second
surface 14.
In a slightly modified arrangement, the
first surface 12 is arranged to be rotatable
about an axis perpendicular to the plane of 90
the drawing, additionally or alternatively to
the rotation of the second surface. Rotation
of one or both surface alters the fringe
spacing.
In another modification, the perpendicular
distance between the film and either one or
both of the surfaces is variable: this allows
variation of the operating wavelength of the
instrument.

95

The interferometer may be used to deter- 100
mine the wavelength or wavelengths of an
incident beam, provided displacement of one
surface can be measured, or, if the wavelength is known, a displacement can be
measured, using methods analogous to 105
optical techniques in both cases.
In general it is advantageous to adjust the
angle of intersection of the partial beams 18
and 20 while maintaining a fixed position of
intersection. This can be achieved by adjusting one or both surfaces in such a way that the
planes in which the surfaces lie always
intersect in a fixed line, which of course is
perpendicular to the plane of Figure 1.
Suppose the surface 12 is fixed and surface
14 is movable as shown in Figure 1. It can
easily be shown by simple geometry that the
plane in which the surface 14 lies, which is
perpendicular to the plane of Figure 1, and a
plane which is also perpendicular to the plane
of Figure 1, which is perpendicular to the
plane of the film 10, and which passes
through the point B, intersect in a line
indicated by point P in the plane of the Figure.
The point P is at a perpendicular distance from
the film 10 equal to the distance between the
fixed surface 12 and the film 10. If the point P
is made a pivot point for the movable
surface 14, the surface can be simultaneously
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translated and rotated and the partial beams
18, 20 will always intersect at the point B.
Further, the interferometer can be used to
investigate the properties of a sample. For
5 example one of the interfering beams may be
modulated by passage through a specimen to
be investigated, positioned for example in the
path of the first part of the beam as shown by
the chain-dotted lines 26. Alternatively,
10 modulation may be provided by a film of
material covering the first surface 12, as
indicated by the chain-dotted lines 28, or
covering the second surface (not shown). In
another arrangement, the specimen to be
15 investigated may itself act as one of the
surfaces by reflecting incident X-rays, and in
this way the surface properties of the specimen may be investigated, for example
polishing, roughness, contouring, deposition
20 or particle size. The types of interference
pattern produced can be interpreted by using
standard holographic techniques.
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When a specimen is introduced, it may be
necessary to alter the perpendicular distance
between the film and one of the surfaces to
accommodate the change of path length and
still provide interference fringes at a convenient position.
Referring now to Figure 2 an oblong block
of silica 30 has a flat-bottomed groove 32 in
one face along its longest dimension. The
groove bottom is gold-coated, as indicated by
reference 34, to form a first reflecting surface,
and a cellulose nitrate film 36 is held taut
across the mouth of the groove. On the
opposite side of the film 36 to the grooved
face is a glass block 38 with one gold-coated
face 40 forming a second reflecting surface.
The block 38 is supported by an arm 39
which pivots on a support 41 about an axis
42 passing through the point P. The silica
block 30 and the support 41 are fixed to a
baseplate 33.
An X-ray beam 44 incident on the film 36
at a suitable glancing angle is partly transmitted as beam 46 and partly reflected as
beam 48. Beam 46 is reflected by the gold
coating 34 on the groove 32 (the coating can,
if necessary, be applied only in the reflecting
area) as beam 50 which is reflected by the
film 36 as first partial beam 52. Beam 48 is
reflected by the gold coated face 40 as beam
54 which is partly transmitted by the film 36
as second partial beam 56. The first and
second partial beams interfere in their overlap region D , shown fully shaded.
Typically, for working at a wavelength in
the region of 0-15 nanometres, the groove 32
is 0-1 millimetres deep, 2 millimetres wide and
20 millimetres long and film 36 is 0-3 micron
thick. To improve clarity, the groove dimensions are not to scale in Figure 2.
An alternative to a cellulose nitrate film is a
polypropylene film which may be reduced in
thickness by stretching.

Two examples of construction of the silica
block 30 are shown in Figure 3 with the groove
profile not to scale. In Figure 3(a) the groove
32 is provided between two spacers 60, 62
attached to the silica block 30, but in this
arrangement the spacers are thin and must be
polished for precise contact with the block. In
another construction shown in Figure 3(b),
the block 30 is constructed in three sections;
the outer sections 30A, 30C being thicker
than the central section 30B so that the groove
32 is formed. The blocks 30 are cemented to a
support 64.
Whatever the arrangement of the silica
block, the closer the approach to a monolithic construction, the smaller the stability
problems.
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W E W H A T CLAIM IS:—
1. A n X-ray interferometer comprising a 85
plane film of material; first support-means for
supporting a first surface facing one side of
the film; second support-means for supporting
a second surface facing the other side of the
film and substantially opposite the first 90
surface, so that the first and second surfaces
are relatively inclined at a small angle, arranged so that when a beam of X-rays is
incident on the film at a glancing angle in the
plane in which said small angle lies, a first 95
part of the incident beam is, in sequence,
transmitted by the film, reflected by the first
surface, and reflected by the film as a first
partial beam, and a second part of the incident beam is, in sequence, reflected by the 100
film, reflected by the second surface, and
transmitted by the film as a second partial
beam which intersects the first partial beam.
2. A n X-ray interferometer according t o
Claim 1 in which at least one of said support- 105
means is rotatable whereby said small angle of
relative inclination can be varied.
3. An X-ray interferometer according to
Claim 1 in which at least one of said support
means is movable whereby the perpendicular 110
distance between the film and the surface
supported by that support means can be
varied.
4. An X-ray interferometer according to
Claim 1 in which at least one of said support 115
means is arranged to be simultaneously
rotatable and translatable in such a manner
that the first and second partial beams intersect at a fixed point.
5. An X-ray interferometer according to 120
any preceding claim in which the film is of a
material of low X-ray absorption coefficient.
6. An X-ray interferometer comprising a
first body of material having a flat-bottomed
groove therein, at least a length of the groove 125
bottom having a surface of a material of high
X-ray absorption coefficient; a second body
of material having a plane surface facing said
length of the groove bottom, the plane surface
comprising a material of high X-ray absorp- 130
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tion coefficient; means for rotating the second
b o d y a b o u t an axis parallel to the plane surface and t o the groove b o t t o m a n d perpendicular to the length of the groove; a n d a
plane film of material of low X-ray aborption
coefficient covering the groove m o u t h ; arranged so that when a beam of X-rays is incident
o n the film at a glancing angle in a plane
perpendicular t o the groove b o t t o m a n d t o
the plane surface of the second body of
material, a first p a r t of the incident beam is, in
sequence, transmitted by the film, reflected by
said length of the groove b o t t o m having a
surface of a material of high X-ray aborption

4

coefficient, and reflected by the film as a first 15
partial beam, a n d a second part of the incicent beam is, in sequence, reflected by the
film, reflected by said surface of the second
b o d y of material comprising a material of
high X-ray absorption coefficient a n d trans- 20
mitted by the film as a second partial b e a m
which intersects the first partial beam.
7. A n X-ray interferometer substantially
as hereinbefore described with reference t o
Figures 1 a n d 2 of the accompanying drawings. 25
VIVIEN IRISH,
Chartered Patent Agent,
Agent f o r the Applicants.
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