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' This invention relates generally to electron op-
tics and more particularly. to X-ray spectro-
graphic means for analyzing materials irradiated
by an electron beam having minute cross sec-
tional area.

Investigation of the characteristics of various
materials by X-ray analysis is well known: How.
ever, the instant invention contemplates a unique
improvement upon existing methods of X- -ray
analysis wheréin s minute cross-sectional area
of the surface of the material under observation
iIs subjected. to irradiation by an extremely fine
beam of high velocity electrons. The X-rays
generated by the impingement of.the high velocity
electrons upon 'the minute electron irradiated
material surface atea are’: analyzed by msans of
any conventional photographicior electrical X-ray
spectrographic apparatus. - From the wavelengths
of the characteristic radiation of the material,
the elements thereof may be determined, hence
a pomt analysis of the specimen is deswable ‘

. X-ray spectroscopes of the type descnbed in
“X.rays in Theory and Experiment” by Compton
and Allison, may be employed to analyze the
X-ray radiation derived from the material under
observation The Von Laue type.spectrometer,
employmg a zine blende crystal for forming a. dif-
fraction pattern of the X-ray radiation .ipon a
photographic plate, provides a satisfactory per-
manent record of the X-ray spectrographic char-
acteristics of the material.. Similarly, the Bragg
type spectrometer, also deseribed in ‘the reference
mentioned heretofore employs an
chamber for indicating the X-ray refraction. from
a zinc blende crystal the angular relation of which
Is adjustable with respect to the axis of the de-
rived X-ray radiation.  Various other types of
X-ray spectroscopes or X-ray spectrometers may
be employed to equal advantage.

The instant invention is related to apvlicant’s
copendmg U. &. application, Ber. No, 505,572, filed
October 8, 1843, which describes several methods
of and means for electron irradiating extremely
minute areas of either electron permeable or elec-
tron opaaque substances. This copending applica-
tion describes several methods of and means for
making a velocity analysis of elecirons trans-
mitted by or reflected from said electron irradi-
ated area. The instant invention contemplates
means for spectroanalyzing X-ray radiation de-
rived from a minute electron irradiated area of
substances which may or may not be substan-
tially opaque to electrons.

Among the objects of the invention are to pro-
vide an improved method of and means for micro-
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ionization-

‘ 2
scopically analyzing materials, Another object
of the invention is to provide an 1mproved method
of and means for microscopically analyzmg ‘ma-
terials ‘substantially opaque’ to ‘irradiating elec—

5 trons. A further object of the invention is-to
provide an improved method of and means for
microscopically analyzing materials by subjecting
minute areas: of said materials to high velocity
electron irradiation, and spectroanalyzmg X-rays

10 generated in the v1c1n1ty of said electromc irradi-
ation. ‘

Further objects of the invention mclude im-
proved means for electron irradiating minute
areas of ‘a substance o generate X-rays there-

I5 from and photographm X-ray - spectrographic
means for providing a permsanent record of the
X-ray spectrographic characterlstlcs of the: sald
material. An additional object of the invention‘is
t6 provide an improved means for electron irradi-

20 ating a minute area of a material to generate
X-rays therefrom and electrical means for spec-
troanalyzing said Z-ray 1ad1at10n

The: invéntion will be further descrlbed by ref-
erence to. the accompanying drawing of 'which

25 the single figure is a schematic diagram of a
typical embodiment thereof, .

Referring. to the drawmg, an electron source
{, which may comprise, for example, a thermionic
cathode and an apertured anode having high
electron accelerating potentials therebetween, ‘is
focused by a conventional electron lens 2 to form
3 glea,tly reduced image 8 of the electron source
. The image 3 is further focused by means of
a second electron lens 4 to form substantlally a

35 pomt image of the electron source | at the point
‘5 on the surface of a material 6 to be spectro-
analyzed. It should be understood that the first
and second electron lenses 2, 4, respectively, may
be of either the conventional electromagnetic or

40 electrostatic types. employed in eleciron micro-
scopes and similar apparatus. The electron lenses
may be energized by any means known in the
art.

The electron irradiation of the point 5 on the

45 surface of the electron opaque material § provides
X-ray radiation in the vicinity of the point 5
due to the energy released by the high velocity
electrons comprising the electron beam. A por-
tion of this X-ray radiation is intercepted by an

50 X-ray spectroscope 8 of any known type which
will provide the desired X-ray spectroanalysis.

For the purpose of illustration, the X-ray spec-
troscope 8 shown in the drawing, comprises a
pair of lead collimating apertures 8, 10 for se-

55 lecting an extremely minute X-ray beam for
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spectroanalysis. The selected X-ray radiation is

applied to a crystal 11, which may be composed,.

for example, of zinc blende. The crystal Il is ar-
ranged to be oriented with respect to the X-ray
beam, in order that the X-rays may either be

transmitted by the crystal or reflected therefrom..

The velocity of the X-rays impinging upon the
crystals I will determine the refraction of the
X-rays derived from the crystal.- The X-ray ra-
diation derived from the crystal may be applied
to a photographic plate 12, to obtain a spectro-
scopic pattern characteristic of the material un-
der observation. When employing a photo-
graphic plate in an X-ray spectroscope, of the
type described, it is customary to orient the crys-
tal so that it transmits the applied X-ra.ys to the
photographic plate.

However, if electrical indication of the X-ray
characteristics is desired, an ionization chamber,
not shown in the drawing, is substituted for the
photographic plate {2,  The X-rays are reflect-
ed from the crystal tf, and the current derived
from . the ionization chamber is indicated in
terms of the angular orientation of the crystal
with respect to the axis of the applied X-rays.

Thus the invention described comprises a novel
- method -of and means for spectroanalyzing ex-

tremely minute surface areas of materials by fo-
cusing a high velocity electron beam upon a mi-
nute areg of the material surface, and specfro-
scopically analyzing X-rays generated by said
electron bombardment.

I claim as my invention: .

1. The method of microscopically analyzing
the atomic composition of a material compris-
ing electron irradiating a minute cross-section-

al area of said material, generating X-rays in the .

vicinity of said area in response to said irradia-
tion, and spectroanalyzing said generated
X-rays.

2.-The method of microscopically analyzing
the atomic composition of a material comprising
generating an eléctron probe of minute cross-sec-
tional area, electron irradiating said material by
said electron probe, generating X-rays in the vi-
cinity of said area in respons to said irradiation,
and spectroanalyzing said generated X-rays.

3. A spectroscope for analyzing the atomic
composition of a material including means for
supporting said material, means for electron ir-
radiating a predetermined minute cross- -section-
al surface area of said material to generate
X-rays in the vicinity of said irradiation,.and
means - for spectroanalyzing said generated
X-rays.

4

ing an electron probe of minute cross-sectional
area, means for supporting an object, means for
irradiating substantially only a minute surface
area of said object by said electron probe to gen-’
erate X-rays in the vicinity of said electron irra-
diation, and means for spectroanalyzing said gen-
erated X-rays.

5. ‘A spectroscope including means for gener-

" ating an electron probe of minute cross-section-
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4, A spectroscope including means for generat- .

al area, means for supporting an object, means
for irradiating substantially only a minute sur-
face area of said object by said electron probe
to generate X-rays in the vicinity of said elec-
tron irradiation, and photographic means for
spectroanalyzing said generated X-rays.

6. A spectroscope including means for gener-
ating an electron probe of minute cross-section-
al area, means for supporting an chject, means
for irradiating said object by said electron probe
to generate X-rays in the vicinity of said electron
irradiation, and photographic means and an
X-ray refracting crystal disposed intermediate
said object and said photographic means for
spectroanalyzing said generated X-rays.

7. A spectrometer for analyzing the atomic
composition of a material including means for
supporting said material, means for electron ir-
radiating substantially only a predetermined mi-
nute cross-sectional surface area of said material
to generate X-rays in the vicinity of said irradi-
ation, and electrical means for spectroanalyzing
said generated X-rays.

. JAMES HILLIER.
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