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The instant invention relates to a novel method by
means of which the topographical relation of crystallites
of a polycrystalline material as well as the topographical
relation of lattice inhomogeneities of single crystals can
be analyzed through the successive application of vari-
ous portions of the spectrum of X-radiation. The inven-
tion relates also to a novel apparatus for accomplishing
the method. A preferred embodiment of the invention
relates to a novel method and apparatus by means of
which the crystallites of a polycrystalline material thus
analyzed for their topographical relation can be further
analyzed, inter alia, for. lattice imperfections, structural
irregularities, and substructure. More specifically, the
invention relates to an improved method and apparatus
for recording the topographical characteristics of crystal-
line materials by X-ray reflection microscopy. The pre-
ferred embodiment of my-invention combines X-ray re-
flection ‘microscopy with X-ray diffraction to record
topographical characteristics of polycrystalline -materials,
thereby permitting further analysis of the atomic or
molecular structure of such materials. )

The investigation of crystalline materials by prior art
X-ray - reflection microscopy methods usually requires
the use of filtered or unfiltered X-radiation and, in some
rare cases, the use of crystal monochromatized X-radia-
tion.

If unfiltered or even filtered X-radiation is employed
the topographical relation of the crystallites making up
the crystalline material may be satisfactorily revealed in
some instances, but due to the limitation of the resulting
resolution many important structural details of the
crystallites will remain undisclosed. The limitation of
" the resolution is imposed by the spread of the wave-
lengths employed and by the resulting divergence of the
X-ray beam. If monochromatic radiation is used the
resolution is greatly increased, since the probing beam
consists essentially of one wave-length component and
the beam can be made quite parallel. However, because
of the stringent reflecting conditions imposed, only few
crystallites or sometimes only portions of the crystallites
will reflect and the topographical relation of the crystal-
lites will be greatly suppressed and very frequently made
completely unintelligible.

Successive application of various portions of the X-
ray spectrum to X-ray reflection microscopy has never
been heretofore attempted since, prior to my invention,
one could never make certain that the identical crystal-
lites will be in reflecting position if different wave-lengths
are used.

The method and apparatus of my invention represent
an advance in the art in that there is mow provided
means to successively apply various portions of the X-ray
spectrum to X-ray refiection microscopy insuring a high
degree of resolution and topographical correlation and
insuring that the identity of the reflecting crystallites is
preserved.

Moreover, since my X-ray micrography method can be
combined by a tracer method with diffraction analysis,
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the identical crystallites investigated by X-ray microg-
raphy can be analyzed with respect to their chemical
constitution and crystal structure and can also be ana-
lyzed with respect to their lattice imperfections, struc-
tural irregularities, and substructure, thereby permitting
one to obtain not only qualitative but also quantitative
information thereof.

The method of my invention as applied to the substruc-
ture of metals and alloys discloses the coexistence of
various orders of magnitude of substructural entities.
The invention permits the quantitative determination of
the size, disorientation and lattice misalignment for the
various orders .of the substructural entities. Further-
more, the nature of small-angle boundaries in metals and
alloys may be investigated.

The novel apparatus of my invention provides a use-
ful tool in the study of deformation of metals and alloys
since a plurality of crystallites may simultaneously be
investigated without removing the natural constraints im-
posed by the surrounding grains as in prior art methods.
Said crystallites may be. investigated as if they were
isolated ‘single - crystals without relinquishing the sta-
tistical advantages which the investigation of polycrystal-
line materials usually offers.

Accordingly it is a principal object of the instant in-
vention to provide a method and apparatus by means of
which the topographical characteristics of a crystalline
material may be elucidated. :

Another object of my invention is the provision of
a method and apparatus by means of which the topo-
graphical relationship of the crystallites as well as the
topographical relationship of the substructural entities
of the crystallites may be disclosed.

Another object of the invention is the provision of
an apparatus by meais -of which more details about the
texture and topographical relationship of crystallites of a
polycrystalline material may be analyzed than by prior
art techniques. R

Another and important object of the invention is the .
provision of a method and apparatus by means of which
the topographical relationship of the crystallites of a poly-
crystalline material may be analyzed by X-ray microg-
raphy and the crystallites thus analyzed may be further
analyzed for lattice imperfections, structural irregularities
and substructure by X-ray diffraction techniques.

The subject invention is a result of my discovery. that
X-ray micrographs of fine-grained or coarse-grained
crystalline materials as well as single crystals can be
obtained employing successively various portions of the
X-ray spectrum to disclose structural details of single
crystals and of the individual crystallites of a polycrystal-
line material while maintaining the identity of said
crystallites. I have found, furthermore, that crystallites
thus analyzed for the surface texture or topographical
relationship can be further analyzed for inclusions of
materials of different crystal structure or of different lat-
tice parameters if the images of the reflecting crystallites
are traced outwardly at increasing distances from the
specimen surface until the images are recorded on the
film of a Debye-Scherrer camera, whereby the reflecting
crystallites may be identified as to their chemical con-
stitution or crystal structure, or both, by conventional
powder diffraction analysis of ‘the Debye-Scherrer lines.
An important embodiment of my invention involves the
qualitative and quantitative investigation of lattice de-
fects, lattice inhomogeneities and substructure of crystal-
lites making up a polycrystalline test specimen, and is
based on the double crystal diffractometer principle, ac-
cording to which each reflecting crystallite of the speci-
men surface may independently be regarded to function
as the second crystal of a double crystal -diffractometer.
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A distinet improvement of the instant invention over
prior art techniques is due to the detailed disclosure
of the topographical relationship of the polycrystalline
materials obtained by the successive utilization of vari-
ous portions of the X-ray spectrum. Thus it is possible
to correlate the X-ray micrograph obtained by my
method with the corresponding micrograph obtained
by conventional optical microscopy. Fine-structural
details disclosed by X-ray micrography obtained by my
method may also be correlated with micrographs ob-
tained by electron microscopy. Furtherraore, through
the application ‘of the photographic tracer technique, it
is made possible to record directly, by means of an elec-
tronic radiation detector, the intensities of spot reflec-
tions emanating from polycrystalline specimens, since the
radiation detector can be placed precisely at the positions
where the spot reflections will occur. Consequently,
‘precise quantitative data can be obtained of lattice im-
perfections, substructure characteristics, inclusions and
precipitates of fine-grained and coarse-grained poly-
crystalline materials, all correlated to the surface texture
of said specimens by X-ray reflection microscopy.

Further features and advantages of my invention will
be readily apparent from an inspection of the accom-
panying drawings and the detailed description of my
invention which follows.

In the drawings:

Figure 1 is an elevational view of the embodiment
of the apparatus of my invention which includes the
X-ray micrography assembly in combination with the
X-ray diffraction assembly.

Figure 2 is a detailed plan view of the assembly il-
lustrated in Figure 1 taken along the line 2—2 in Fig-
ure 1, with the platform member rotated relative to
the base to permit better visualization of the path of the
X-ray beams.

Figure 3 is a side elevational view of the photographic
film holder assembly for outward tracing of X-ray re-
flections.

Figure 4 is a plan view taken along the line 4—4 of
Figure 3 illustrating the filmholder assembly of Figure 3.

Figure 5 is a fragmentary view of Figure 2 illustrat-
ing the relative position of the X-ray beam, mono-
chromatizing crystal and specimen when the platform
member is rotated relative to the monochromatizing
erystal to permit impingement of crystal monocciirc-
matized radiation on the specimen surface. ‘

Figure 6 is a plan view of the lower surface of the
‘base plate member.

" The apparatus suitable for recording the topographi-
ca_l characteristics of a crystalline” material by X-ray
micrography comprises in conjunction with an X-ray
tube and means for controlling the X-ray output there-
of, first holder means for mounting a monochromatizing
crystal, means for rotating the monochromatizing crystal
into reflecting position, means for retracting said mono-
chromatizing crystal if the primary beam is to be used
as the incident beam, a platform mounted for rotation
about an axis coincident with the axis of rotation of the
monochromatizing crystal in a manner such as to rotate
the platform by twice the Bragg angle of the reflecting
planes. of the monochromatizing crystal, stationed on
said platform and rotatable thereby as'a unit means for
mounting a crystalline test specimen for impingement
by incident X-ray beam, and, in the case of single crystal
fest specimens, means for bringing said test specimen
into Bragg reflection when impinged by the incident
X:ray beam, and means. for stationing an X-ray film in
close contact with the reflecting surface of the test speci-
men in a manner such as to permit recording of reflec-
tion images emanating from the surface of the crystalline
material in the form of an X-ray micrograph, whereby
X-ray micrographs of the same specimen area. are ob-
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tained with unfiltered, filtered and crystal monochro-
matized radiation either singly or in combination.

Pursuant to an embodiment of my invention wherein
X-ray micrography is combined with X-ray diffraction
for analysis of polycrystalline test specimens the assem-
bly requires in addition to the members above described,
preferably, means for rotating the test specimen, a cylin-
drical camera coaxial with the test specimen or, in the
case that the test specimen is. rotated, coaxial with the
axis of rotation of the test specimen, a photographic
film holder for taking X-ray micrographs at the surface
of the specimen and for outward tracing of the reflected
images at increasing distances from the specimen sur-
face, means for removing said film holder to permit un-

_impeded analysis of the X-ray diffraction images on a

cylindrical film inserted in said cylindrical camera by
the Debye-Scherrer method. ,

In accordance with the preferred embodiment of my
invention wherein X-ray micrography is combined with
X-ray diffraction for the qualitative and quantitative
analysis of polycrystalline test specimens for lattice in-
homogeneities and substructure characteristics the assem-
bly requires in addition to the members above described,
means for recording the reflection curves (rocking
curves) of the individual crystallites of said specimen.
This may be achieved by controlled rotation of the test
specimen through small angular ranges in discrete
angular intervals and controlled rotation of cylindrical
film between cach of said discrete angular specimen rota-
tion. However, if the crystallites of the test specimen
are large encugh so that the reflected intensities can be
recorded directly by an electronic radiation detector, the
apparatus will include, in additien to the X-ray microg-
raphy assembly hereinabove described, in combination
with film means for recording the reflection curves of
the individual crystallites of said specimen, a radiation
detector and means for positioning said radiation detec-
tor at locations corresponding to the reflection images
recorded oa said cylindrical film. Preferably, the latter
is accomplished by employing an optically transparent
insert camera, suitably made of plastic, which aids in the
visualization of the location of the reflected images of
the crystallites when the inserted exposed film has been
developed. Since said insert camera is removable, the
reflected intensities of the individual crystallites of said
specimen can be directly recorded by said radiation de-
tector when properly positioned by the aforementioned
technique. Thus reflection curves (rocking curves) of

the individual crystallite are directly obtained when said .

crystaliites are rotated through their angular range of
reflection and the intensity variation has been recorded
as a function of said rotation.

The method, briefly stated, comprises impinging at a
small grazing angle onto the surface of a polycrystalline
test specimen divergent X-radiation, preferably unfiltered,
utilizing an X-ray tube voltage considerably above that
of the excitation potential of the characteristic radiation,
recording on film placed close to the surface of said
specimen the images of the crystallites of said specimen
reflecting said radiation, lowering the tube voltage be-
low the excitation potential of the characteristic radia-
tion thereof, recording on film placed close to the sur-
face of said specimen the images of the crystallites of
said specimen reflecting said radiation known in the art
as continuous radiation, interposing into the path of the
primary X-radiation a monochromatizing crystal in re-
flecting position, impinging parallel, crystal monochro-
matized radiation on the same surface of said test speci-
men, superimposing the images obtained utilizing crys-
tal. monochromatized radiation. on the images obtained
by the primary beam utilizing said continuous radia-
tion, recording on a separate film placed close to the
surface of said test specimen. the images of the crystal-
lites reflecting parallel, monochromatized X-radiation,

w
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whereby identification of the many crystallites reflecting
unfiltered radiation with the few crystallites registered on
the film utilizing crystal moaochromatized radiation per-
mits disclosure of fine-structural details of said polycrys-
talline test specimen. Preferably, the method includes
the additional steps of tracing out the images recorded
with crystal monochromatized radiation at increasing
distances from the specimen surface until they are re-
corded on the Debye-Scherrer lines of a cvlindrical cam-
era, whereby the spot reflections on the Debye-Scherrer
lines and the crystallites on the specimen surface giving
rise to said spot reflections are being correlated. The
apalysis of said crystallites with regard to the chemi-
cal constitution and crystal structure may be carried out
by methods well known in the art and correlated to the
topographical relation and fine-structural details of said
crystailites.

Pursuant to a preferred embodimert of this method
wherein X-ray micrography is combined with X-ray dif-
fraction analysis for the qualitative and quantitative
analysis of lattice inhomogeneities and substructure char-
acteristics, the method includes the additional steps of
obtaining refiection curves (rocking curves) of the in-
dividual crystallites by changing the angular position of
the specimen and recording the intensity of the reflections
of the individual crystallites as a function of specimen
rotation either on an X-ray sensitive film or directly by
means of an electronic radiation detector. If a film is
used as a recording device said angular rotation of the
specimen is carried out in discrete angular intervals ac-
companied by small film shifts between each angular in-
terval of specimen rotation to separate the individual in-
tensity comtributions to the reflection curve. If a radia-
tion detector is used as a recording device, said detector
is placed by means of said photographic tracer tech-
nique at the positions where reflections will occur and
said specimen is slowly rotated over a preselected angu-
lar range.

It is well known to those skilled in the art the obtained
reflection curves of the individual crystallites are related
to the lattice imperfections of same and can be analyzed
by well known methods.

The method is equally applicable to single test crys-
tals and comprises all the steps outlined above, except
that said crystal has to be first put into Bragg reflection

10

15

20

25

30

35

-

40

45

to yield an X-ray micrograph and that the reflected re- -

corded images now refer to the substructural entities of
said test crystal.

Referring to Figures 2 and 6 numeral 1 designates a
collimator through which the primary X-ray beam P
passes emerging from an X-ray diffraction tube (not
shown). Said collimator 1 is fitted with a slit system
which is adjusted by adjustment screws 2 controlling
thereby the divergence of the X-ray beam. Said col-
limator 1 is held by means of a split clamp 3 to the col-
limator support 4. Said collimator support 4 is attached
to the base plate 5 by means of nuts and bolts. The
height and angle of said collimator support 4 with re-
spect to said base plate 5 is adjustable so that the appa-
ratus can be adapted to various commercial diffraction
units. Locking screw 6 locks the height and locking
screw 7 locks the tilt of said collimator support 4. It is
understood, however, that collimator I may be mounted
independently of the assembly. - Said base plate § is sup-
ported by three adjustable legs 8, suitably of stainless
steel. Said adjustable legs 8 are countersunk to fit steel
balls 9. Said steel balls 9 rest on solid metal blocks 1¢
bolted to the top plate 11 of the commercial diffraction
unit. Said base plate 5 is suitably provided in the shape
of a quadrant of a circle. However, other shapes may be
satisfactorily used. The rim of the upper face of said
base plate 5 is preferably provided with a graduation
scale 12 in degrees as shown to facilitate rotational align-
ment of the upper platform 13 around axis O. A pointer

(not shown) attached to the rear of said upper platform _
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13 indicates on said graduation scale 12 the desired ro-
tational position of said upper platform 13. Said upper
platform 13, suitably of stainless steel, is supported on
said base plate 5 by a shaft 14 and two outer rollers 15.
Said shaft 14 passes through said base plate 3 and is
supporied by a bearing (not shown) so as to allow only
rotational movement. Said upper platform 13 can be
rotated around the vertical axis O of shaft 14. Passing -
through said shaft 14 and supported by a tapered bear-
ing 16 is a smaller shaft 17." On the upper end of said
shaft 17 the first crystal holder 18 is mounted by means
of set screws. On the lower end of said shaft 17 is
mounted a drum 19 on which fits a collar and arm 290
which may be locked in position on the drum 19 by lock-
ing screw 21. Said arm 20 is spring loaded 22 against
a micrometer spindle 23 which may be locked by lock-
ing screw 24. Said crystal holder 18 comprises a cylin-
der 25 upon the face of which is mounted the monc-
chromatizing crystal 26. Said cylinder 25 is mounted
within a barrel 27. Said cylinder 25 is retractable by
means of the adjustment screw 28 permiiting the mono-
chromatizing crystal 26 to be retracted if the direct pri-
mary X-ray beam P is used as the incident beam. Said
barrel 27 can be rotated around an axis J which is per-
pendicular to said axis O for exact adjustment of
the monochromatizing crystal 26. Said adjustment is
particularly desirable if the reflecting (hkl) planes and
the surface of the monochromatizing crystal 26 do not
coincide. Said barrel 27 can be locked by locking screw
29 if the desired adjustment has been made. If said
monochromatizing crystal 26 has been adjusted for the
proper Bragg reflection by action of member 23 the re-
flected beam M will be monochromatized. 3@ represents
& spectroscopic slit system mounted on said upper plat-
form 13. Said spectroscopic slit system 30 comprises a
vertical slit controlled by adjustment screws 31 and a
horizontal V-shaped slit controlled by adjustment screw
32 which activates a gear and rack arrangement 33. The
positions of said slits are locked by locking screws 34.
By means of said spectroscopic slit system 30 the cross
section of the incident X-ray beam is controlled and par-
asitic X-ray scattering is prevented. It will be under-
stood, however, that various other slit systems may
achieve the same effect. 35 is a specimen holder. Said
specimen holder is fitted with dove-tailed cross slides 36
and 37 for horizontal adjustment of the position of speci-
men 38. Said adjustment is obtained by means of ad-
justment screws 39 and 40. Said specimen holder 35 is
mounted by means of set screws on a shaft 41. Said
shaft 41 is supported by a tapered bearing 42 mounted
beneath said upper platform 13. A handwheel 43 is
fitted to the lower end of said shaft 41 to facilitate rough
angular positioning of the specimen 38. An arm and
collar 44 is fitted to the shaft 41. Arm 44 is spring- -
loaded 45 against a spindle 46 of a differential microm-
eter 47 or against the spindle 48 of a standard microm-
eter 49. By means of the differential micrometer 47
specimen rotations are obtained that are of the order
of magnitude of seconds of arc, whereas by means of
the standard micrometer 49 specimen rotations are ob-
tained of the order of magnitude of minutes of arc.
Arm 44 can be locked to shaft 41 by means of locking
screw 59. 51 represents a cylindrical camera which is
inserted into a circular groove (not shown) of the up-
per platform 13. The cylindrical camera 51 is made of
transparent plastic material, suitably Lucite, and has its
center of curvature coincident with the vertical axis S
of shaft 41, The inside of the cylindrical camera 51 is
fitted with a groove 52 in which a film (not shown) cov-
ered with black paper can be inserted and said film can
be fastened by means of two locking screws 53. Said
film will record the X-rays R reflected from the crystal-
lites of the specimen 38. The cylindrical camera 51 is
provided with an aperture 54 to let the primary beam
enter the camera 51. The cylindrical camera 51 can be
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rotated around an axis coincident with axis S by means
of a nut 55 and screw 56.  The screw 56 is supported by
a bracket 57. Said bracket is bolted to the upper plat-
form 13. Soldered to the end of the screw 56 is a metal
strip 58 which is screwed to the outside of the cylindri-
cal camera 51. 59 represents a slot into which a trap
(not shown) for the incident X-ray beam may be in-
serted if required. Said trap is fastened to the upper
platform 13 by means of a locking screw (not shown).
The use of said trap is only required if the specimen
investigated does not absorb the incident X-ray beam
entirely. 60 represents a circular track which is bolted
to the upper platform 13 by means of three supporting
radial arms 61. A grooved block 62 slides on track §6.
Two rods 63 fit into two holes of block 62. Said rods
support the radiation detector 64 by means of a block
65 and sleeve 66 into which said radiation detector 64
can be clamped by means of locking screw 67. The
height of radiation detector 64 is adjustable by means
of rods 63 and can be locked by means of locking screws
68. The outer rim of the upper face of track 68 is
provided with a graduation scale 69 in degrees, as shown.
Angular alignment of radiation detector §4 is facilitated
by means of graduation scale 69 and a pointer 78 fas-
tened to the side of the grooved block 62. The angu-
lar position of said radiation detector is locked by lock-
ing screw 71. Radiation detector 64 is fitted with a
receiving slit 72 limiting the amount of X-radiation re-
corded by the detector. A film may be placed into a
slot 73 located behind the receiving slit 72. Said film
when exposed to the reflected X-radiation entering re-
ceiving slit 71 may function as a guide as to how many
reflections are being recorded thus indicating how the
receiving slit 72 should be adjusted to eliminate the
undesirable reflections from recording. v

The precision photographic film holder assembly 74
is attachable to the specimen holder 35 by means of a
split clamp 75 and lock screws 76. A film or photo-
graphic plate sensitive to X-radiation R 1is clamped
against an adjustable plate 78 of said film holder by
means of a clamping plate 79 and lock screw 86. The
adjustable plate 78 is mounted within a shouldered ring
§1. The shouldered ring 81 is supported by a split col-
lar 82 and locked in place by lock screw 83. Split col-
lar 82 permits height adjustment and rotation around an
axis parallel to S of film or photographic plate 77. The
split collar 82 is screwed on a column 84 which slides
in a grooved block 85. It may be locked in position
by means of locking screw 86 and locking plate 87.
The gronwed block 85 fits in a slot 88 in the filmholder
base plate 89. The position of block 835 may be ad-
justed by means of adjusting screw 90. The relative po-
sition of block 85 is determined to an- accuracy of
Y4000 of an inch by means of linear scale 91 and mi-
crometer dial 92. The block 85 is locked in position by
means of locking screw 93. The position of the photo-
graphic plate 77 in a plane perpendicular to the axis
S is determined by the relative movements between mem-
bers 84 and 85 and members 85 and 89 whereby these
movements are perpendicular to each other.

A more comprehensive understanding of the instant
method will be greatly aided by reference to Figures 3,
2, 3, 4 and 5.

The polycrystalline test specimen 38 is irradiated at
a small grazing angle by a divergent, preferably un-
filtered X-ray beam P passing through a collimator 1 and
a speciroscopic slit system 30 which controls the cross-
section of the incident X-ray beam P. A tube voltage
is applied which is considerably above the excitation po-
tential of the characteristic radiation of the target ma-
terial of said X-ray tube (e.g. 35 kv. for copper radia-
tion) so that the primary incident X-ray beam consists of
continuous and characteristic radiation. An X-ray micro-
graph of the crystallites reflecting from the surface of
said test specimen 38 is obtained by recording the reflected
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images of said crystallites on a fine-grained X-ray film
suitably held in a film holder placed in close contact to the
specimen surface as schematically shown in Figure 5.
The X-ray micrograph obtained in this manner supplies
o great deal of information concerning the surface texture
and topography of the crystallites since due to the employ-
ment of the divergent and unfiltered incident X-ray beam
P a great many crystallites will be in Bragg reflection and
will thus be recorded. However, fine-structural details
of the crystallites cannot be disclosed by said micrograph
because of the limitation of resolution imposed by the ap-
plication of said divergent, polychromatic radiation P.
Furthermore, said X-ray micrograph is useless from the
viewpoint of X-ray analysis since the great number of
reflections emerging from the surface of the specimen
can not be traced outward and subjected to an X-ray
analysis without losing the identity of the irmages. To
increase the resolution of the struciural details and make
X-ray diffraction analysis of said crystallites possible,
following steps have to be itaken. A monochromatizing
crystal 26 is interposed in the path of the primary beam
P by means of the adjustment screw 28 of the crystal-
holder 18 and rotated around axis O into Bragg reflection
as schematically shown in Figure 5. The parallel crys-
tal monochromatized radiation M subtends with the
primary beam P and angle of 24 where ¢ is the Bragg
angle of the refiecting-(hk!) planes of the monochromat-
izing crystal 26. The upper platform 13 is rotated around
axis O by an angle of exactly 20 as shown in Figure 5
keeping said mcnochromatizing crystal 26 rigidly locked
in reflecting position by means of locking screws 24 and
29. The experimental arrangement thus obtained is in-
dicated by dotted lines in Figure 5. Since upper plat-
form 13, specimen 38 mounted on the specimen holder
35, and film holder assembly 73, as well as the spectro-
scopic slit system 3¢ rotates as a unit around axis O, the
surface of specimen 38 is now impinged by the crystal
monochromatizing radiation M. After the tube voltage
lxas been increased an X-ray micrograph is obtained which,
although registering fewer refiections than that obtained
by unfiltered radiation due to the stringent reflecting con-
ditions imposed, will exhibit a greatly increased resolution
for fine-structural details. Furthermore, whereas the
continuous radiation, contained in the unfiltered beam P,
reveals lattice curvature as dark images, since each mis-
aligned lattice region will reflect a wave-length of the
spectrum corresponding to its Bragg condition of reflec-
tion, the irradiation with crystal monochromatized radia-
tion M pins down lattice regions of the same orienta-
tion. Thus the alternate applications of continuous and
crystal monochromatized radiation for the investigation
of fine-structural details and surface texture are mutual-
ly complementary.

Depending on the target material of the X-ray tube
and on the reflection angles of the monochromatizing
crystal 26 monochromatic radiation corresponding to the
different wavelengths of the characteristic spectrum can
be obtained. Consequently, by appropriate rotation of
the monochromatizing crystal 26 to the various Bragg
reflections and the corresponding rotation of said upper
platform 13 around axis O, as shown in Figure 5, dif-
ferent portions of the characteristic X-ray spectrum may
be used as the X-ray beam incident on the surface of
test specimen 38, thus enbancing on the X-ray micro-
graphs the resolution for structural details of the reflect-
ing crystallites of said specimen. )

To identify and correlate the images of the reflecting
crystallites recorded on an X-ray micrograph employing
crystal monochromatized radiation M to the correspond-
ing images of the reflecting crystallites recorded on an
X-ray micrograph employing a divergent, unfiitered beam
P, the X-ray beam is artificially decomposed in steps.
First it is decomposed intoc a beam consisting of con-
tinuous (heterogeneous) radiation only, and subsequent-
ly, into a beam of crystal monochromatized radiation,
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whereby the X-ray micrograph employing the latter type
of radiation is superimposed over the X-ray micrograph
employing the former type ¢f radiation. To achieve this
end an X-ray micrograph of the surface of said speci-
men 38 is taken with the identical experimental arrange-
ment that was used when the X-ray micrograph was ob-
tained -employing the divergent, unfiltered primary X-ray
beam P, as shown in Figure 5 by solid lines, except that
now the tube voltage employed is below the critical excita-
tion potential of the characteristic radiation. Consequent-
ly, a beam consisting only of continuous radiation im-
pinges on specimen 38. Actually two X-ray micrographs
are taken with said arrangement. One X-ray micro-
graph is developed and kept for the purpose of reference
and comparison, while the second exposed but unde-
veloped micrograph is rigidly retained in close contact
with the specimen surface. The X-ray micrograph ob-
tained in this manner is identical with the ons previous-
ly obtained employing the primary beam P, except that
due to the low operating voltage the contribution of the
characteristic radiation and also that of the very short
wave-length portion of the spectrum is missing.

The next step for the identification of the images of
said crystallites involves the interposition of the mono-
chromatizing crystal 26, set in reflection position, into
the path of the primary beam P, rotation of upper p'at-
form 13 around O by 26 thus obtaining the experimental
arrangement ‘shown in Figure 5 by dotted lines, and super-
imposing on the X-ray micrograph obtained with con-
tinuous radiation, the X-ray micrograph obtained with
crystal monochromatized radiation M. The exposure
time using crystal monochromatized radiation M is pur-
posely prolonged and the operating voltage is set con-
siderably above the excitation potential of the charac-
teristic radiation so that the contribution of the mono-
chromatized radiation to the superimposed X-ray micro-
graph is clearly tagged. By inspection and comparison of
all X-ray micrographs hereinabove obtained the identity
of  the reflecting crystallites is clearly established.

The same method of X-ray micrography can be applied

to the investigation of single test crystals except that in
order to obtain an X-ray micrograph the single test crys-
tal must first be oriented to give a Bragg reflection. In-
stead of .investigating the topography of crystallites, as
in the -case of polycrystalline materials, one investigates
in the case of single crystals the topography of substruc-
tural entities.
. It is understood that if said X-ray micrograph method
is employed without the diffraction analysis which will
be.described in detail below, the apparatus to accomplish
this end can be greatly simplified. For this purpose it
is necessary to retain only: the base plate 5 with all
the members attached to it intact (members 1 till and
including 12), the upper platform 13 with all the mem-
bers which insure rotation around the axis O (members
14 and 15), the crystal holder 18 with the monochroma-
tizing crystal 26 and all the members which aid in ad-
justing and locking said crystal 26 (members 16, 17,
19, 20, 21, 22, 23, 24, 25, 27, 28, 29), the spectroscope
slit system 30 with its members (31, 32, 33, 34). How-
ever, instead of the specimen holder 35 a commercial
X-ray goniometer head can be used and instead of the
film holder assembly 74 any fixture which brings the
X-ray film in close contact with the specimen surface
will suffice.

All the other members described in said apparatus are
not essential for the method involving X-ray micrography
alone.

Pursuant to a specxal embodiment of my method the
polycrystalline specimen, investigated by said method of
X-ray micrography, may be further analyzed for chemi-
cal constitution, crystal structure, inclusions either smgly
or in combination. In case of single crystals it is princi-
pally apphcable to inclusion studies. To achieve this
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micrograph employing crystal monochromatized radia-
tion are traced outward by recording the images photo-
graphically at increasing distances from the specimen
surface until they are recorded on the Debye-Sherrer lines
of the cylindrical film inserted in the cylindrical camera
5i. The outward tracing of said images is achieved by
means of the photographic film holder assembly 74
which can be attached to the specimen holder 35 by
means of a split clamp 75. When the images are traced
outward to the circumference of the cylindrical camera
51 the film holder assembly 74 is removed and the
images are. recorded on said cylindrical film. From
the analysis of the Debye-Sherrer lines by methods well
known in the art, the crystal structure and chemical con-
stitution of the crystallites can be determined. Likewise,
the presence of inclusions and precipitates can be dis-
closed by my method of X-ray micrography and corre-
lated by means of the above described photographic
tracer technique to the reflection images of the corre-
sponding Debye-Scherrer lines and can, therefore, be
analyzed for their chemical constztuuon and crystal
structure.

In a preferred embodiment of my invention X-ray
micrography is combined with X-ray diffraction analysis
to obtain qualitative as well as quantitative information
regarding lattice inhomogeneities and substructure char-
acteristics. Polycrystalline materials as well as smgle
crystals may be investigated by said method.

According to said method the polycrystalline materi-
als may be first investigated by my method of X-ray
micrography and correlated by the above described photo-
axaphlc tracer technique to the corresponding reflection
images of the Debye-Scherrer lines on the cylindrical
film, and subsequently further analyzed by a method
which is based on the principle of the X-ray double
crystal diffractometer, also known in the art as X-ray
double crystal spectrometer. In accordance with. that
principle each reflecting crystallite or substructural en-
tity may independently be regarded to function as the
second crystal of a double crystal diffractometer if the
incident beam has been monochromatized by reflection
from a single crystal. Consequently, if the crystallites
are impinged by crystal monochromatized radiation and
if said crystallites are rotated through their angular range
of reflection and if the reflected intensities of said crystal-
lites are recorded as a function of specimen rotation,
one obtains reflection curves, also- known in the art as
rocking curves. These reflection curves are a criterion
of the lattice misalignment of said crystallites and by
measuring the width at balf max1mum, known in the art
as half-width, or by measuring the integrated intensity
which is equivalent to the area under the reflection curve,
one obtains valuable quantitative information of the lat-
tice misalignment of said crystallites. To achieve this
end the specimen 38 impinged by parallel crystal mono-
chromatized radiation M is rotated in discrete angular
intervals by means of the differential micrometer 47 if
very small specimen rotations of the order of seconds of
arc are required or by means of the standard micrometer
49 if specimen rotations of the order of minutes of arc
are required. - If the recording of the intensities of the
reflections is carried out on a cylindrical X-ray film
then the cylindrical camera 51 in which the said film is
inserted is rotated by means of nut 55 and screw 56 a
small amount between each said discrete angular speci-
men rotation, so that the reflections corresponding to
each angular rotation of the specimen 38 are clearly
separated. As a result of this procedure one obtains
for each reflection of a crystallite an array of spots
on the Debye-Scherrer lines of said cylindrical film which
represents a visual manifestation of the reflection curve
of said crystallite. The intensities of the array of spots
can be obtained either visually by comparing the spot
intensities with a calibrated photographic strip or by
means of a microdensitometer or quickly by means of 3
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positivé-print method. - (D. L. Evans and S. Weissmann,
J. Opt. Soc. Americ. 43, 1183 (1953)).

If the intensities of the arrays of spots are strong
enough so that they can be recorded directly by means
of an electronic radiation detector 64 the exposed cylin-
drical film on which the spot reflections have been re-
corded is developed and inserted back in camera 51.
Since camera 51 is optically transparent the location of
the reflected images is visually aided and the radiation
detector 64 may be properly positioned by means of
the positioning devices (members 60, 63, 67, 68, 639,
71). The receiving slit 72 is adjusted in a manner that
only one spot reflection is recorded. Subsequent to
the positioning of the radiation detector 64 the cylindrical
camera 51 and film are removed and the intensities as
a function of specimen rotation are directly registered
by said detector. The radiation detector 64 may be con-
nected via an amplification system to an automatic re-
corder so that the reflection curve of the individual crys-
tallite can be automatically ¢harted. This procedure can
be repeated for as many reflections of crystallites as is
desired to record. If any doubt should arise that the
receiving slit 72 has not been adequately adjusted so
that more than one reflection is simultaneously recorded
for any one angular specimen position, a film strip is
placed in slot 73 located behind the receiving slit 72
and exposed to the radiation entering said receiving slit.
By inspection of said film strip after development the
exact adjustment of slit 73 is controlled. It should be
understood that various experimental variations are pos-
sible. Thus the intensities of the reflected crystallites as
film placed in front of the window of the radiation de-
a function of specimen rotation may be recorded by a
tector 64 as well as by the radiation detector 64 itself.
Said combination of recording by film and radiation de-
tector is mutually complementary since small substruc-
tural entities of the crystallites are resolved by said film,
whereas the radiation detector 64 will integrate the in-
tensity contribution of said small substructural entities,
thereby permitting to disclose substructural entities of a
1arger order of magnitude.

It is also possible to record the intensities reflected by
the crystallites from the surface of specimen 3§ as a
function of specimen rotation by means of an X-ray
sensitive film placed in close contact with said surface
and to correlate the X-ray micrographs thus obtained
by means of the above described photographic tracer
technique to the corresponding images obtained on the
Debye-Scherrer lines of the cylindrical film. Said tech-
nique will permit to disclose the variation of surface tex-
ture of said crystallites as a function of specimen rota-
tion and simultaneously permit obtaining quantitative
data of the lattice misalignment of said crystallites since
the reflection curves of said crystallites can be obtained
from the analysis of the corresponding array of spots on
the Debye-Scherrer lines, as previously described. Like-
wise, said X-ray micrographs obtained as a function of
specimen rotation can be correlated by means of said
photographic tracer technique to the corresponding in-
tensity values registered by the radiation detector 64.

It will also be understood that the above described
methods for investigating the substructural characteristics
and lattice inhomogeneities of crystallites in polycrystal-
line materials are equally applicable to single crystal test
specimens. Thus it is equally possible to study the sur-
face texture of single crystals by X-ray micrography ir-
radiating the single test crystal successively with hetero-
geneous and crystal monochromatized radiation, permit-
ting thereby to disclose surface texture and fine-struc-
tural details of the irradiated surface, and to subject said
single test crystal to a quantitative analysis for lattice
misalignment by rotating said single. test crystal around
an axis S by means of the differential micrometer 47,
if small angular rotations are desired, or by means of a
standard micrometer 49, if larger angular rotations are

10

15

20

25

30

35

40

45

50

55

60

65

70

75

2,026,258

12

desired, and recording the intensities reflected by said
single test crystal as a function of specimen rotation by
means of a film or preferably by means of a radiation
detector 64.

The variation of the adjoined method of X-ray microg-
raphy and diffraction analysis, based on the double crys-
tal diffractometer principle, as applied to the crystallities
of a polycrystalline material may equally be applied
to single test crystals. Thus X-ray micrographs may
be obtained by recording on a film close to the specimen
surface the intensities reflected by the substructural
entities of said single test crystal as a function of speci-
men rotation and to correlate said recorded X-ray micro-
graph to the corresponding intensities registered by radia-
tion detector 64. Said correlation is obtained by means
of the photographic tracer technique utilizing for that
purpose the film holder assembly 74. Said method is
very useful in disclosing the presence of various ordets
of magnitude of substructural entities since the X-ray
micrographs can disclose the smallest entities, whereas the
radiation detector integrates the intensity contributions
of said smallest entities and may thus permit to obtain
quantitative data of the largest order of magnitude of
substructural entities comprising said smaller substruc-
tural entities. The recordings of reflected intensities by
film combined with the radiation detector may, there-
fore, be mutually complementary.

It will be understood that the invention is susceptible
to numerous variations, which will be readily apparent
to those skilled in the art, without departing from the
spirit and scope thereof.

The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the pay-
ment of any royalties thereon and therefor.

I claim:

1. The method for recording the topographical char-
acteristics of a crystalline material which comprises im-
pinging divergent X-radiation on a surface of a crys-
talline test specimen, successively impinging said speci-
men with radiation corresponding with various portions
of the X-ray spectrum including crystal monochroma-
tized radiation and continuous radiation while recording
on X-ray sensitive film reflected images emanating from
the irradiated area of said specimen, maintaining the
identity of the reflecting portion of the irradiated surface
by superposition of images recorded on X-ray sensitive
film obtained by utilizing crystal monochromatized and
continuous radiation.

2. The method for recording the topographical char-
acteristics of a polycrystalline material which comprises
impinging divergent heterogencous X-radiation at a small
grazing angle onto the surface of a polycrystalline test
specimen utilizing an X-ray tube voltage substantially
in excess of that of the excitation potential of the char-
acteristic radiation, placing film sensitive to X-radiation
close to the surface of said test specimen, recording on
said film images of the crystallites of said specimen re-
flecting said X-radiation, lowering the tube voltage be-
low the excitation potential of the characteristic radiation
thereof, thereby to obtain continuous X-radiation, im-
pinging continuous X-radiation at a small grazing anglP
onto said surface of said polycrystalline test specimen,
placing a second film sensitive to X-radiation close to said
surface of said specimen, recording on said second film
unages of crystallites of said specimen reflecting con-
tinuous radiation, interposing into the path of the pri-
mary X-radiation a monochromatizing crystal in reflect-
ing position, impinging parallel crystal monochromatized
radiation on said surface of said test specimen, superim-
posing the images obtained utilizing crystal monochro-
matized radiation on the images obtained utilizing said
continuous radiation and recording on a separate film
placed at the same position relative to said surface of
said test specimen the images of the crystallites reflect-
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ing parallel monochromatized X-radiation, whereby iden-
tification of the many crystallites reflectingdivergent X-
radiation with the few crystallites registered on the film
utilizing crystal monochromatized radiation permits dis-
closure of fine-structural details of said polycrystalline
test specimen. e )

3. The method of claim 2
radiation is unfiltered.

4. The method of claim 2 involving the -additional
steps of positioning a cylindrical film to record spot re-
flections of c¢rystallites on said specimen surface and,

wherein said divergent X-

utilizing crystal monochromatized X-radiation, record-

ing the reflection of crystallites of said surface of said

specimen at successive distances from said surface of said

specimen until reflections of said crystallites are recorded
on said cylindrical film in the form of spot reflections on
the Debye-Scherrer lines thereof, whereby the spot re-
flections on the Debye-Scherrer lines and the crystallites
on the specimen surface giving rise to said spot reflections
may be correlated.

5. The method of claim 4 involving the subsequent
step of successively varying the angular position of said
S}lrface of said specimen relative to the incident X-radia-
tion and, after each angular change, recording the intensity
variation of the reflections of the individual crystallites
as a function of specimen rotation, thereby to permit
measurement of lattice misalignment of the individual
crystallites. ‘

6. The method of claim 4 involving the subsequent
step of successively varying the angular position of said
surface of said specimen relative to the incident X-radia-
tion and, after each angular change recording by a radia-
tion detector the intensity variation of the reflection of
the individual crystallities as a function of specimen rota-
tion, thereby to permit measurement of the lattice mis-
alignment of individual crystallites.

7. An assembly wherein X-ray micrography is combined
with X-ray diffraction to  permit the qualitative and
quantitative analysis of a polycrystalline test specimen
for lattice inhomogeneities and substructural character-
istics which comprises in combination with an X-ray tube
to provide X-radiation and means for controlling the X-
ray output thereof, means for mounting a polycrystalline
test specimen for irradiation by said X-ray beam, means
for successively impinging the same area of said poly-
crystalline test specimen with irradiation corresponding to
various portions of the X-ray spectrum from said X-ray
tube including crystal monochromatized radiation and
heterogeneous radiation, X-ray senmsitive film means
proximate the irradiated surface of said test specimen in
a manner such as to record at a constant distance from
the irradiated surface the images of crystallites of said test
specimen reflecting radiation corresponding to each of
said portions of the spectrum from said X-ray tube, means
for superimposing images obtained utilizing crystal mono-
chromatized radiation and continuous radiation, whereby
identification of the many crystallites refiecting hetero-
geneous radiation with the few crystallites registered on
the film utilizing crystal monochromatized radiation
permits disclosure of fine-structural details of said poly-
crystalline test solid, a cylindrical insert camera adapted
to station cylindrical film mounted for recording in the
form of spot reflections on Debye-Scherrer lines the im-
ages of crystallites of the same surface of said polycrystal-
line test solid, means for moving X-ray sensitive film
progressively outward from said surface of said poly-
crystalline test solid in a manner such that images of
crystallites of said surface of said polycrystalline test solid
may be traced outward until they are recorded on the
Debye-Scherrer lines of said cylindrical film, whereby spot
reflections on the Debye-Scherrer lines and the crystallites
on the specimen surface giving rise to said spot reflections
may be correlated, means for angularly rotating said test
specimen relative to incident radiation, and means for
recording the intensities refiected by the individual crys-
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tallites “as a function of - specimen' rotation, thereb
permitting reflection curves to be obtained. :

8. The assembly of claim 7 wherein said means for
recording the intensity reflected by the individual crystal-
lites as a function of specimen rotation comprises means
for shifting said. cylindrical film between each angular
rotation of said test specimen whereby there is successively
recorded on said cylindrical film the individual intensity
contribution of each of said crystallites to the reflection
curves.

9. The apparatus of claim 7 wherein said means for
recording the intensity variation of the individual crystal-
lites as a function of specimen rotation comprises a
radiation detector and means for positioning said radia-
tion detector at locations corresponding to the reflection
images recorded on said:cylindrical film when developed,
whereby the reflected intensities of the individual crystal-
lites of said specimen can be directly recorded as a func-
tion of specimen rotation by said radiation detector.

10. The apparatus of claim 7 wherein said cylindrical
camera . is optically transparent and wherein said means
for recording the intensity variations of the individual
crystallites as a function of specimen rotation comprises
an electronic radiation detector mounted for movement
relative to said camera in a manner such that said
radiation detector may be positioned at locations. corre-
sponding to the reflection images recorded on said cylin-
drical film when developed, whereby the reflected in-
tensities of the individual crystallites of said specimen
can be directly recorded by said radiation detector after
the removal of said cylindrical camera.

11. An assembly wherein X-ray micrography is com-
bined with X-ray diffraction to permit the qualitative and
quantitative analysis of a single crystal test specimen for
lattice inhomogeneities and substructural characteristics
which comprises in combination with an X-ray tube to
provide X-radiation and means for controlling the X-ray
output thereof, means for mounting said crystalline test
specimen in position to reflect X-radiation from said tube,
means for successively impinging the same area of said
test specimen with radiation corresponding to the various
portions of the X-ray spectrum including monochro-
matized radiation and heterogeneous radiation, X-ray
sensitive film means proximate the irradiated surface of
said test specimen in a manner such as to record at a
constant distance from the irradiated surface the images
of substructural entities and lattice inhomogeneities of
said test specimen reflecting radiation corresponding to
each of said portion of the spectrum from said X-ray
tube, means of superimposing images obtained utilizing
crystal monochromatized radiation and continuous radia-
tion, thereby to reveal surface texture of said test speci-
men, means for controlled rotation of said test crystal
relative to the incident beam whereby the misaligned
lattice regions of said test specimen are successively
brought into reflecting position, a radiation detector and
means for positioning said detector relative to the beam
reflected by said test specimen, whereby the intensities
reflected by said test crystal can be recorded as a func-
tion of specimen rotation.

12. The assembly of claim 11 including means for
moving said X-ray sensitive film progressively outward
from the surface of said test specimen in a manner such
that images of substructural entities of said test specimen
may be traced outward until they may be recorded by
said radiation detector whereby the intensity reflected by
said substructural entities and lattice inhomogeneities can
be directly recorded by said detector as a function of speci-
men rotation.

13. The assembly of claim 12 including means for
placing X-ray sensitive film in front of the window of said
radiation detector in a manner such that intensities re-
flected by substuctural entities and lattice inhomogenei-
ties of said specimen surface can be registered as a func-
tion of specimen rotation by both said film and said radia-
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tion detector thereby to permit distlosure of various or-
ders of magnitude of substructural entities and lattice in-
homogeneities.
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