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1
ESCA X-RAY SOURCE

BACKGROUND OF THE INVENTiON

- This-invention relates to electron spectroscopy for
chemical analysis and more particularly to an essen-
tially monochromatic X-ray source for irradiating sam-
ples to be analyzed.

The energy spectrum analysis of electrons obtained
from an irradiated sample has proved a useful tool for
chemical analysis. In general, useful electron spectra
can be obtained by: (1) electron impact where the sam-
ple is irradiated with electrons so that the absorption
spectrum is obtained or so that a spectrum of secon-
dary electrons is generated; (2) ultraviolet irradiation
where the irradiation produces the ejection of electrons
from the valence shell of the sample; and (3) X-ray-
induced photoelectron spectroscopy where the irradia-
tion produces the ejection of electrons from inner
shells-of the sample atoms. The present invention re-
lates to the latter form of electron spectroscopy.

As is understood by those skilled in the art, the reso-
lution of the photoelectron energy spectrum obtained
through X-ray irradiation is limited, not only by the in-
herent resolution of the electron analyzer, but also by
the monochromaticity of the source providing the X-
rays which irradiate the sample. Heretofore, most
X-ray sources for electron spectroscopy have em-
ployed conventional metal targets followed by a filter
for minimizing background radiation and selecting the
characteristic X-ray line of principal interest.

In an attempt to obtain greater monochromaticity in
the X-rays used for sample irradiation, constructions
have been proposed in which an X-ray monochromator
is interposed between the X-ray source and the sample.
Such monochromators may, for example, employ crys-
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tal diffraction to spatially separate X-rays of different .

energies. However, the use of a monochromator neces-
sarily entails a substantial loss in source intensity so
that system sensitivity suffers correspondingly, even
when substantially higher initial input powers are em-
ployed.

In accordance with one aspect of the present inven-
tion, it-has been determined that substantially im-
proved resolution can be obtained by employing a gas
phase target in the X-ray source. In the X-ray source of
the present invention, a gas is excited by an electron
beam at energies sufficient to eject electrons from an
inner shell of the target gas atom. A preferred target
gas is neon at a pressure of 1072 to 10° atmospheres
with the electron beam possessing sufficient energy to
excite the Ka emission line.

In order to obtain electrons at sufficiently high en-
ergy levels to obtain the desired result, the present in-
vention further contemplates an electron gun located
in a chamber separate from the target gas chamber,
with the electrons being tightly focused through a small
aperture between the gun and target chambers and
with sufficient differential pumping being provided to
maintain a vacuum around the electron gun, i.e., in the
order of 1075 torr.

Among the several objects of the invention then may
be noted the provision of electron spectroscopy appa-
ratus of improved resolution; the provision of such ap-
paratus employing an X-ray source of essentially mono-
chromatic nature; the provision of such apparatus
which is highly reliable and which is of relatively simple
and inexpensive construction. Other objects and fea-
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2
tures will be in part apparent and in part pointed out
hereinafter.

SUMMARY OF THE INVENTION

Briefly, the X-ray source of the present invention is
adapted to irradiate a sample in an electron spectrome-
ter which analyzes the energy distribution of photoelec-
trons given off by the sample in response to such irradi-
ation. The source involves a target chamber for con-
taining a gas at a preselected substantial pressure and,
in a chamber separate from the target chamber, an
electron gun directing a narrow beam of electrons into
the target chamber, the beam energy being above that
required to eject electrons from an inner shell of the
target gas atoms. The electron beam passes through a
relatively small aperture between the chambers and the
electron gun chamber is pumped to maintain a vacuum
which will allow the electrons to be accelerated to the
required energies. X-rays given off by the target gas
pass through a window in the target chamber and irra-
diate a sample at the entrance of the electron spec-
trometer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of ESCA apparatus
employing the X-ray source of the present invention;
and

FIG. 2 is a sectional view substantially on the line
2—2 of FIG. 1, showing in greater detail the construc-
tion of the X-ray source of the present invention.

Corresponding reference characters indicate corre-
sponding parts throughout the several views of the
drawings.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 1, there is illustrated at 10
electron energy spectroscopic apparatus analyzer of
essentiglly conventional arrangement. This overall in-
strument may, for example, be the ESCA 36 model
photoelectron spectrometer manufactured by the Mc-
Pherson - Instrument Corporation of Acton, Massa-
chusetts which is described by John F. Rendina in an
article entitled Electron Spectroscopy For Chemical
Analysis appearing in the February, 1972 issue of
American Laboratory. A pair of concentric spherical
electrodes 11 and 13 form a double-focusing electron
energy analyzer. By applying potentials of opposite po-
larity to the electrodes 11 and 13, electrons entering
the space between the spheres through an entrance slit
15 can be caused to be focused on an exit slit 17, pro-
vided the energies of the electrons correspond to the
applied potentials. A detector 19 measures the electron
flux at the exit slit. By energizing the electrodes
through a suitable scanning power supply, as indicated
at 21, an energy spectrum is obtained which reflects the
distribution of electron energies. As is conventional,
the output signal obtained from the detector 19 is dis-
played and recorded, as indicated generally at 29, as a
function of electron energy, the scanning and display
being correlated by a suitable control unit as indicated
generally at 31,

For chemical analysis purposes, the electrons intro-
duced into the analyzer at the entrance slit 15 are typi-
cally obtained from a sample, as indicated at 25, which
is irradiated to generate the electron spectrum. In ac-
cordance with the present invention, the photoelec-
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trons are obtained by irradiating the sample 25 with X-
rays provided by a source constructed in accordance
with the present invention, the source being indicated
generally at 27. As is conventional, the sample cham-
ber is pumped to maintain a relatively high vacuum,
i.e., in the order of 10~7 torr.

Referring now to FIG. 2, the X-ray source 27 in-
volves a relatively heavy metal housing 35, shaped to
provide a generally cylindrical target chamber 37.
Aligned with the cylindrical target chamber 37 is a high
energy electron gun 39, located in a chamber of its
own, designated 40. The gun chamber 40 is provided
with a port 42 through which the chamber is pumped
to maintain the necessary vacuum around the gun. The
electron gun 39 may, for example, be of the type typi-
cally employed for electron welding purposes, i.e., one
of which will generate a relatively tightly focused elec-
tron beam of up to 50 milliamperes with energies up to
20 kilovolts. A beam spot size of 0.020 inches may be
considered typical.

The electron beam generated by the gun 39 is di-
rected into the target chamber 37 through a differential
pumping chamber 41, the beam passing through small
apertures 43 and 45 in the walls 47 and 49 between the
various chambers. Preferably, both the walls are con-
structed as thin disphragms, as illustrated. With such a
construction, the apertures 43 and 45 can be cut by the
electron gun itself, thereby obtaining inherent align-
ment. The upper end wall of the target chamber prefer-
ably constitutes an electron trap and heat sink, as indi-
cated, with suitable water cooling ports 51 and 53 and
a flange 55 by means of which the target assembly may
be mounted.

An inlet 57 is provided to the target chamber 37.
Through this port, a suitable target gas is provided at
a pressure of about 1072 to 10° atmosphere, i.e., a very
substantial pressure as compared with the vacuum nor-
mally provided in almost all parts of an electron spec-
trometer. For reasons explained hereinafter, a pre-
ferred target gas is neon, the excitation of the neon by
the electron beam being at an energy sufficient to ex-
cite the Ko transition of the neon atom. As is under-
stood, this transition involves removal of electrons
from the inner shell of the gas atom.

In that the pressure within the target chamber 37 is
substantially higher than that maintained in the gun
chamber 40, some of the target gas will continuously
leak out of the target chamber through the aperture 43.
While the environment of the electron gun 39 is contin-
uously pumped as described previously, it is preferable
to also apply independent pumping to the differential
pumping chamber, i.e., through a suitable port 61, so
as to minimize the escape of the target gas into the sam-
ple chamber and to minimize collisions between the
electron beam and the target gas other than those oc-
curring within the target chamber itself. Pumping to a
level of about 107! torr is suitable. As is understood,
the electron gun 39 must operate in a substantially
evacuated environment, e.g. 107° torr, in order to ac-
celerate electrons up to the desired energy levels, i.e.,
up to 20 kilovolts. The presence of any substantial gas
pressure around the gun would render it impossible to
achieve such energies since intervening collisions
would absorb energy and produce arcing, preventing
the gun from operating properly and thus the gun
chamber is pumped separately from the differential
pumping chamber. In some cases, the electron gun may
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be located in the sample chamber where a high vacuum
is maintained.

From the foregoing, it can be seen that this construc-
tion permits a high energy electron beam to be im-
pinged upon a suitable target gas, while the gas is main-
tained at relatively high pressure. As the electrons con-
stituting the beam generated by gun 39 possess suffi-
cient energy to excite the Ke transition of the preferred
target gas, neon, X-rays will be given off by the im-
pingement of the electron beam on the target gas. Fur-
ther, since the impingement occurs mainly in the target
chamber 37, where the gas is at substantial pressure as
compared with the sample chamber, most of the X-rays
will be generated within the chamber 37. A thin win-
dow 63 of a material such as aluminum or berylium
permits these X-rays to escape the chamber 37 and ir-
radiate the sample 25 located adjacent the target cham-
ber. As is understood by those skilled in the art, the
window 63 is selected to absorb any secondary lines
and background radiation which may be present,
though with the gaseous neon target these components
are reduced as compared with a conventional metallic
target. As described previously, the sample will give off
photoelectrons in response to the X-ray irradiation, the
energy spectrum of this photoelectron emission bemg
analyzed as illustrated in FIG. 1.

As compared with the usual metallic X-ray target, the
gas target of the present invention provides X-rays of
relatively high monochromaticity. The improved
monochromaticity of the X-ray energy used for irradi-
ating the sample 25 permits much greater resolution in
the photoelectron energy spectrum analysis subse-
quently performed and thus greater accuracy can be
obtained in chemical analysis using the overall system
of the present invention.

While the neon Ka emission line is the presently pre-
ferred source, it should be understood that other gases
and other transitions could be utilized in the practice
of this invention,

In view of the foregoing, it may be seen that several
objects of the present invention are achieved and other
advantageous results have been attained.

As various changes could be made in the above con-
structions without departing from the scope of the in-
vention, it should be understood that all matter con-
tained in the above description or shown in the accom-
panying drawings shall be interpreted as illustrative and
not in a limiting sense.

What is claimed is:

1. An electron spectrometer comprising:

means for holding a sample which is to be analyzed;

means for analyzing photoelectrons given off by said

sample as a function of their energies thereby to
obtain an energy spectrum;

housing means defining an X-ray target chhamber;

means for providing neon gas to said chamber at sub-

stantial pressure, said housing means also defining
a chamber separate from said target chamber,
there being a small aperture between said cham-
bers;

in said separate chamber, an electron gun for direct-

ing, through said small aperture a narrow beam of
electrons into said target chamber at an energy
level above that required to excite the neon Ka
emission line;

means for pumping the electron gun chamber to

maintain a vacuum in the presence of gas flow
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through said aperture; and an X-ray window in said
target chamber allowing X-rays comprising mainly
the Ka neon emission line to essentially directly ir-
radiate said sample without intervening dispersive
selection thereby to obtain from said analyzing
means a spectrum of improved resolution.

2. Apparatus as set forth in claim 1 wherein said neon
gas is provided at a pressure of about 1072~ 10° atmo-
spheres.

3. Apparatus as set forth in claim 1 wherein one end
of said target chamber comprises a water-cooled elec-
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tron trap.

4. Apparatus as set forth in claim 1 wherein each end
of said differential pumping chamber comprises a dia-
phragm-like member having one of said small apertures
formed by said electron gun.

5. Apparatus as set forth in claim 1 wherein said win-
dow is aluminum.

6. Apparatus as set forth in claim 1 wherein said win-

dow is berylium.
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