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This invention relates to a new and improved X-ray 
spectrometer that is particularly useful in microanalysis. 
An X-ray spectrometer, according to the present inven 
tion, provides a well defined spectrum from X-rays gen 
erated in a minute cross-sectional area of an object under 
observation. 
Means are presently available for irradiating a minute 

area of a material with high velocity electrons, such 
means embody the techniques of obtaining a sharply de 
fined electron probe. it is known that X-ray emission 
occurs from the electron irradiated area of the material 
under test. If a fine electron probe is used to irradiate 
the material, X-ray emission then takes place from what 
is substantially a point source. The X-ray emission from 
this point source occurs in all directions. 

It is an object of this invention to provide a new and 
improved X-ray spectrometer for the analysis of X-rays 
emitted from substantially point sources of X-rays. 

It is another object of the present invention to provide 
an X-ray spectrometer which can be brought in close 
proximity to the source of X-rays and which thereby 
can produce high intensity spectra. 

It is a further object of the present invention to provide 
an X-ray spectrometer requiring no moving parts. 

It is a still further object of the present invention to 
provide an X-ray spectrometer which incorporates focus 
ing action for X-rays having the same wavelength. 

These and other objects of the present invention are 
provided by an X-ray spectrometer constructed according 
to one embodiment of the present invention. This X-ray 
spectrometer comprises a flat crystal having lattice planes 
parallel to, and at some distance from, a sensitive X-ray 
detector such as a photographic emulsion. The crystal and 
photographic plate may be placed in a container which 
excludes all other types of radiation to which the photo 
graphic emulsion is sensitive. The X-ray source is ar 
ranged in the plane of the photographic emulsion. Radia 
tion is reflected from the crystal according to the existence 
of Bragg law conditions. Thus, X-rays having different 
wavelengths are reflected to different points on the photo 
graphic emulsion to provide a spectrum. This spectrom 
eter may be very small so that it is possible to locate 
the spectrometer very close to the source of X-rays. The 
intensity of the X-rays striking the photographic emulsion 
will be increased accordingly. A further increase in in 
tensity is obtained because of the geometry of the device. 

Still further objects and advantages of this invention 
will, of course, become apparent and immediately suggest 
themselves to those skilled in the art to which the inven 
tion is directed from a reading of the following specifi 
cation in connection with the accompanying drawings in 
which: 

Figure 1 is a ray diagram of apparatus for explaining 
principles of operation thereof; 

Figure 2 is a graph of the relative intensity of the re 
flected radiation from the crystal according to the angular 
orientation of the crystal with respect to incoming and 
reflected X-rays; 
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2 
Figure 3 is a sectional view of X-ray spectrometer 

constructed according to one embodiment of the present 
invention; and 

Figure 4 is a sectional view of Figure 3 taken along the 
section line 4-4 as viewed in the direction of the arrows. 

Referring to Figure 1, a sectional view through a crystal 
10 is shown. A flat surface 1: forms the active face of 
this crystal. This crystal may be grown or cut so that 
the atoms in a major portion of the crystal structure lie 
in lattice planes which are parallel to the active face of 
the crystal. The surface 1 is desirably planar and is the 
largest surface of the crystal 10. The crystal may, there 
fore, be in the form of a relatively flat sheet. In the 
exemplary crystal shown in Figure 1, the selected largest 
surface 11 appears at the lower side of the crystal i0. 
For analytical applications the interplanar spacing of the 
atomic planes making up the structure of the crystal 

A large interplanar spacing permits 
the production of a spectrum covering a wide range of 
wavelengths which may include the lower wavelengths 
which are useful in many applications. 
A photographic plate 2 is located below the crystal 

10. This photographic plate i2 is coated with a photo 
graphic emulsion which is sensitive to X-rays. It is de 
sirable for the photographic plate 12 to have a planar 
surface. The planar surface of the photographic plate 
12 is arranged to lie parallel to the selected crystal face 
11 on the lower side of the crystal 18). It may be observed 
at this time that other X-ray responsive surfaces which 
are preferably planar may be alternatively used instead 
of the photographic plate 2. The X-rays to be analyzed 
are generated in the point source 14 which is located in 
the plane of the photographic plate 12. Generation of a 
point source of X-rays will be more fully discussed in 
connection with the embodiment of the present invention 
shown in Figure 3. However, known methods of gen 
erating a substantially point source of X-ray radiation may 
be employed to provide the point source of X-rays 14. 

In the operation of Bragg law spectrometers it is gen 
erally necessary for a great many angles of incidence 
with the crystal to be provided for all wavelengths of the 
X-ray radiation to be analyzed. This requirement is 
generally imposed so that Bragg law conditions occur for 
the selection of the desired wavelengths to provide a 
spectrum of the X-ray radiation. The spectrum may be 
detected and recorded on charts or a photographic plate, 
for example. However, the intensity and general read 
ability of the spectrum may leave much to be desired. 
With the use of the spectrometer provided by the present 
invention for analyzing radiation from a point source 
of X-rays, each X-ray wavelength line present will be made 
sharp and intense to provide more readable spectra. The 
geometrical arrangement of the spectrometer proposed 
herein provides a focussing action for each and all wave 
lengths present by overcoming many of the limitations 
imposed by previously known spectrometers. 

Three rays C, 6 and y of the same wavelength are 
shown emanating from the point source of X-rays 4. 
The focusing action of the present invention will be 
illustrated herein for rays of the same wavelength. It will 
be apparent that a similar focusing action will be ob 
tained for rays of different wavelength in the production 
of an X-ray spectrum. 
The incident ray c. is emitted from the point source 

14 at an angle --A. The next ray 8 is emitted from 
the point source 4 at an angle y with respect to the 
plane of the photographic plate 12. The other incident 
ray y is emitted from the point source at an angle of 
p-A with respect to the plane of the photographic 
plate. The rays ca, 3 and y are therefore, incident upon 
the crystal face at angles (b. p. and by respectively. 
The angle b=y+A; the angle b=y; and the angle 
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gby=l-A. It is generally known that incident X-rays will 
interact within the atomic structure of a crystal and will 
be reflected from the crystal when the Bragg condition 
for the crystal and the radiation is satisfied. This condi 
tion is defined in the Bragg equation, 

nXs2d Sin () 

where n is an integer corresponding to the order of 
the reflection, X is the wave length of the given radiation, 
d is the interplanar spacing between the atomic planes 
of the crystal, and 0 is one half the angle of total deviation 
between the transmitted and reflected rays. 

It has been found that reflection from the crystal takes 
place although the angle of incidence p is not exactly 
equal to the angle 6 stated in the Bragg equation. How 
ever, it is known that the total deviation of all of the 
reflected radiation is always very close to twice the Bragg 
angle 0 as defined in the above-stated equation. These 
two realizations together with certain geometrical rela 
tionships will lead to an understanding of the operation 
of the spectrometer proposed by the present invention and 
of its focusing action. 

In Figure 2 the relationships between the intensity of 
reflected radiation from the crystal 10, the angle of in 
cidence p, and one half of the angle of total deviation 
6 are plotted. For the large crystals, which are preferably 
used in this embodiment of the present invention, the 
intensity of the reflected radiation is critically dependent 
on the value of the angle of total deviation which is ex 
pressed as its half angle 0, and falls off sharply for 
values of the angle 0 which depart from the value of 
0 which satisfies the above-stated Bragg equation. On 
the other hand, the intensity of the reflected radiation is 
not so critically dependent on the angle of incidence (b. 
The intensity of reflected radiation falls off more slowly 
as the angle of incidence is departs from values that 
equal half the angle of total deviation 0 which satisfies 
the Bragg equation. This result is known as the “rock 
ing curve' phenomenon, and can be derived from the 
theory of X-ray diffraction. 

Returning to Figure 1, it is assumed that the angle of 
incidence gb, of the ray 6 on the surface 11 of the 
crystal 0 is equal to one half the angle of total deviation 
8 which satisfies the Bragg equation. This ray (3 is, there 
fore, reflected and intercepts the photographic plate E2 at 
a point 30 along the spectral line for all X-rays of this 
Same Wavelength. The geometry of the situation will 
determine the lateral position of the point 30 on the photo 
graphic plate i2. Application of the Bragg equation to 
the geometry shows that the distance from the point source 
of X-rays to the focus point is equal to, 

nX. 2c 

where D is the distance between the plane of the photo 
graphic plate 12 and the crystal face i and the other 
parameters have been previously defined in connection 
with the Bragg equation. 

Although the angles of incidence (b. and gby of the 
rays O. and y upon the crystal Surface are slightly more 
and slightly less than the angle p respectively, they are 
reflected. The relationship plotted in Figure 2 shows that 
this is possible. This relationship also shows that the 
total deviation of the reflected radiation is very nearly 
equal to the angle 26. Consequently the reflected rays 
o, and y intercept the photographic plate 12 at sub 
stantially the same point 39 as the other ray 3. It is, 
therefore, apparent that a measurable focusing action is 
obtained whereby the intensity of the spectral line is 
enhanced. 

Referring to Figure 3 a sectional view of an embodi 
Inent of a spectrometer according to the present invention 
is shown in conjunction with a source of X-rays produced 
by the irradiation of a minute cross-sectional area of a 
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4. 
surface of a material under observation by a fine beam 
or probe 15 of fast moving electrons. An electron beam 
source 16 may comprise any known electron accelerating 
device. For example, an electron gun for producing a 
beam of electrons and an electron lens system for form 
ing a fine probe may be used. It should be understood, 
however, that any other means for producing an electron 
probe having the desired characteristics may be em 
ployed. An object 7 under observation is preferably 
in the form of a thin section. High velocity electrons 
from the electron beam source A6 striking the object 
interact with the atomic Srtucture thereof, and produce 
a point source of X-rays. It is preferable that the elec 
tron beam source and object are enclosed in a vacuum 
chamber. However, the spectrometer may be located 
internaily or externally as desired for a particular design. 
The crystal 18 and the photographic plate 19 which are 

used in this embodiment of an X-ray spectrometer are 
enclosed in a container 29. The container 20 is a rectangu 
lar box having four sides 2, 22, 23 and 24, and two end 
walls 25 and 26. Figure 4 presents another view of the 
container. The four sides 2, 22, 23 and 24, and the 
end wall 25 on the right are preferably constructed of a 
non-crystalline material having a low atomic weight. The 
use of a material having a low atomic weight reduces 
the Scattering of X-rays from the walls of the container 
since X-rays are not readily reflected from such Sub 
stances and may pass through them more easily. The op 
posite end wall 26, located on the left side of the container 
20, is preferably constructed of a material having a high 
atomic weight. Lead, for example, may be used. A 
slot or opening 27 is provided in this lead wall 26. The 
opening 27 normally is located in the center of the wall 
and extends between the top and the bottom of the con 
tainer. The opening 27 may be covered with a very 
thin layer of light-opaque and electron-opaque but X-ray 
transparent material. This covering material is preferably 
noncrystalline. For example, carbon-black filled plastic 
may be found useful. The point source of X-rays is so 
located that the X-ray source lies on a line which is 
in the plane of the photographic plate 19. It is desirable 
that this line bisect the container 20. In this manner 
X-rays penetrate the material in the opening or slot 
27 on the left hand end wall 26 and produce a spectrum 
on the photographic plate 19 after reflection from the 
crystal 18. The crystal 8 is mounted on the upper wall 
21 of the container 20. The sensitive photographic emul 
Sion 9 is located on the bottom wall 22. As was 
previously mentioned, the crystal face is parallel to the 
photographic plate by suitable mounting. 
The emulsion on the photographic plate 19 is preferably 

Selected for highest sensitivity to X-ray radiation for 
the wave-length expected. The dispersion of the X-ray 
Spectrum is determined in part by the distance between 
the crystal face and the photographic plate. The length 
of the container end of the photographic plate is deter 
mined by the Spectrum of the radiation. It may be deter 
mined for the particular conditions expected upon con 
sideration of the above-stated equation which locates the 
distance between a focus point and the source of X-rays. 
Solely by way of example, the dimensions of the con 
tainer an X-ray spectrometer, which may be provided 
according to the present invention, is two inches in length, 
one inch in width and one-quarter inch in height. The 
noncrystalline material of which the side walls 21 to 24 
and the end wall 25 of the container 20 are constructed 
may be plastic. 
What is claimed is: 
1. An X-ray spectrometer comprising a crystal having 

a selected set of crystal lattice planes, an X-ray sensitive 
device having a planar Surface, means for locating said 
Surface in a plane parallel to said selected set of crystal 
lattice planes, and means for positioning a substantially 
point of source of X-rays to be analyzed in the plane of 
said Surface so that radiations from said source will im 
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pinge upon said crystal and will be diffracted therefrom 
onto said surface. 

2. An X-ray spectrometer for analyzing radiation from 
a point source of X-rays comprising a container hav 
ing at least two parallel sides, a crystal attached to one 
of said sides, and a device having an X-ray responsive 
surface, said device being mounted on the other of said 
parallel sides with its said surface opposed to said crystal, 
said crystal having a face and lattice planes disposed paral 
lel to said surface, and said container being positioned in 
proximity to said point source with said point source in 
the plane of said surface so that radiations from said 
source will impinge upon said crystal and will be diffracted 
therefrom onto said surface. 

3. In an X-ray spectrometer apparatus for analyzing 
the atomic composition of an object under observation 
wherein a predetermined cross-sectional area of said ob 
ject is electron irradiated to provide a substantially point 
Source of X-rays to be analyzed, and X-ray spectrometer 
comprising an X-ray responsive element located in the 
plane of said cross-sectional area, a crystal with sub 
stantially parallel planes of atoms forming the atomic 
structure thereof, said planes of atoms being located ad 
jacent and parallel to a surface of said crystal, and said 
crystal being supported near said X-ray responsive element 
With said Surface parallel and opposite to said X-ray re 
sponsive element so that radiations from said source will 
impinge upon said crystal and will be diffracted there 
from onto said element, 

4. A spectrometer for providing X-ray spectra com 
prising an X-ray detector element having a planar X-ray 
responsive Surface, a crystal, and means for maintaining 
said crystal and said X-ray detector element in such posi 
tions that lattice planes and a face of said crystal and said 
X-ray responsive surface are opposite and parallel to each 
other whereby radiations from a substantially point source 
of X-rays disposed in the plane of said surface will im 
pinge upon said crystal and will be diffracted therefrom 
onto said surface. 

5. A spectrometer for providing X-ray spectra com 
prising a photographic emulsion, a crystal having a set 
of crystal lattice planes and a face, a container, said 
photographic emulsion being held in a first position by 
said container, and said crystal being held in a second 
position by said container such that said lattice planes 
and said face are opposite and parallel to said photo 
graphic emulsion whereby radiations from a point source 
of X-rays disposed in the plane of said photographic 
emulsion will impinge upon said crystal and will be 
diffracted therefrom onto said photographic emulsion. 

6. A spectrometer for providing X-ray spectra from 
a point Source of X-rays comprising a photographic emul 
sion, a crystal having a planer crystal face, said crystal 
having a selected set of crystal lattice planes parallel to 
said face, a holder, said photographic emulsion being held 
in a first position that is coplanar with said point source 
of X-rays by said holder, said crystal being held in a 
Second position with its face parallel and opposite to 
said photographic emulsion by said holder and means to 
dispose said point Source of X-rays in the plane of said 
photographic emulsion so that radiations from said source 
will impinge upon said crystal and will be diffracted there 
from onto said photographic emulsion. 

7. Spectrometric apparatus for analyzing radiation 
emanating from Substantially a point source thereof com 
prising a detector crystal having a planar surface parallel 
to a selected set of lattice planes therein, and a photo 
graphic plate spaced from said crystal and parallel to 
the planar surface thereof, said point source of radiation 
being positioned in the plane of said photographic plate 
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6 
so that radiations from said source will impinge upon 
said crystal and will be diffracted therefrom onto said 
photographic plate. 

8. An X-ray spectrometer for analyzing X-rays emanat 
ing from a point source on a material under study com 
prising a rectangular container having opposite sides there 
of disposed in parallel planes, a crystal having a desired 
Set of crystalline planes located parallel to a surface there 
of, said crystal being mounted on one of said opposite 
sides of said container, a photographic emulsion, said 
photographic emulsion being arranged on another of said 
opposite sides parallel to said crystalline planes, and means 
for providing in the plane of said photographic emulsion 
said point source of X-rays from said material whereby 
radiations therefrom will impinge upon said crystal and 
will be diffracted from said crystal onto said photographic 
emulsion. 

9. In an X-ray spectrometer apparatus wherein a sub 
stantially point source of X-ray is provided, the com 
bination comprising a photosensitive surface that is re 
sponsive to X-ray radiation, said surface being mounted 
in the plane of said point source, and a crystalline sub 
stance having parallel crystal lattice planes parallel to a 
face of said crystalline substance, said crystalline sub 
stance being mounted in a position so that said face is 
Spaced from and parallel to said surface whereby radi 
ations from said source will impinge upon said crystalline 
Substance and will be diffracted therefrom onto said 
Surface. 

10. In an X-ray spectrometer apparatus for analyzing 
the atomic composition of a material including means for 
electron irradiating a minute cross-sectional area of said 
material whereby X-ray emission from said area of said 
material occurs, a spectrometer comprising an enclosure, 
Said enclosure having side walls and two end walls, said 
side Walls being constructed of a material characterized 
by a low atomic weight, one of said end walls of said 
container being composed of an X-ray absorbing material 
having an opening therein, said opening being filled with 
a noncrystalline, Substantially X-ray transparent material, 
said other end wall of said container being composed of 
material having a low atomic weight, said first-named 
end Wall of said enclosure being located near said minute 
area of said material whereby X-rays will penetrate 
through said opening, a photographic emulsion, said photo 
graphic emulsion being affixed on one of said side walls 
of Said enclosure, said enclosure being located with said 
photographic emulsion in the plane of said minute area of 
said material, and a crystal having crystal lattice planes 
therein parallel to a surface thereof, said crystal being at 
tached to another one of said side walls of said container 
which is opposite to said side wall of said container to 
which said photographic emulsion is affixed, and with said 
Surface of said crystal located opposite and parallel to said 
photograph emulsion. 
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