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APPARATUS FOR ANALYZING ELECTRON 
ENERGY 

. SPECIFICATION 

This invention relates to an apparatus for analyzing 
electron energy. More particularly, it relates to an ap 
paratus for analyzing the energy of electrons emitted 
from a specimen by X-ray irradiation. 
To obtain information on the bonding state of atoms 

which constitute a substance, an X-ray beam may be 
irradiated onto a specimen and the energy of electrons 
emitted from the specimen was analyzed. Heretofore, 
various types of apparatus have been proposed for the 
energy analysis of electrons emitted or emanating from 
a specimen. In these apparatus, however, since the 
electrons to be analyzed are not strong enough in inten 
sity, the S/N (signal to noise) ratio is insufficient. Ac 
cordingly, it is an advantage of the present invention to 
overcome the above shortcoming. 

Brie?y, according to this invention there is provided 
an apparatus which comprises a means for producing 
a substantially axially symmetrical magnetic ?eld, a 
specimen being disposed in the said magnetic ?eld, a 
radiation source for irradiating a radiation onto the said 
specimen’ so as to emanate electrons, and a means for 
analyzing the energy of said electrons focused by the 
said magnetic ?eld. 
The invention will be described with reference to the 

embodiments illustrated in the accompanying draw 
ings, in which: 
FIG. I is a diagrammatic view of an embodiment of 

the apparatus according to the invention; 
FIGS. 2 and 3 show other embodiments of the inven 

tron; 
FIG. 4 shows a wave form of an output signal of the 

detector in the embodiment shown in FIG. 3; 
FIG. 5 shows an electron energy distribution curve 

on the recorder in the embodiment shown in FIG. 3; 
and, 
FIGS. 6, 7, 8, 9, 10, 11 and 12 are diagrams showing 

other embodiments of the invention. 
In the embodiment shown in FIG. 1, numerals I and 

2 denote magnetic poles. These magnetic poles are 
connected by magnetic yoke 3 which is axially symmet 
rical. Yoke 3 is wound with excitingcoil 4. By exciting 
the coil, a magnetic ?eld symmetrical with respect to 
optical axis 5, is produced between magnetic poles l 
and 2. The abovedescribed magnetic ?eld need not be 
strictly axially symmetrical in a range that will not harm 
the focusing effect of electrons. Specimen 6 is disposed 
on magnetic pole 1. The specimen and yoke 3 are 
maintained at the same potential (for instance, ground 
potential). X-ray 7, emanating from X-ray source 8, 
passes through hole 9 in the magnetic yoke 3 and then 
irradiates the specimen causing electrons to emanate 
from the specimen in all directions. Electrons 10 are 
spirally focused along optical axis 5 by the magnetic 
?eld. Therefore, almost all electrons that emanate from 
the specimen pass through the hole of magnetic pole 2. 

Consequently, since the passed electrons are ana 
lyzed by energy analyzer 11, the S/N ratio of the analy 
zer is improved. The output signal of the analyzer is fed 
into recorder 12. 

In the embodiment shown in FIG. 2, the velocities of 
electrons emanated from the specimen are reduced by 
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2 
the electrical ?eld so that energy is minimized. Such an 
apparatus as described above can reduce the intensity 
of the axially symmetrical magnetic ?eld for focusing 
electrons. In this embodiment, magnetic pole l holding 
the specimen is insulated from yoke 3 by means of insu 
lating material 13. Magnetic pole 2 is maintained at a 
negative potential with respect to the specimen by con 
stant DC. voltage source 14. For instance, in the case 
of an electron energy distribution of 2.3KeV~2.5I(eV, 
the output voltage of source 14 is set at about 2I(eV. 
As a result, since the electron energies are reduced to 
0.3KeV~0.5KeV, electrons are efficiently focused by 
the magnetic ?eld and then passed through the hole of 
magnetic pole 2. 

' In addition to the embodiment shown in FIG. 2, the 
embodiment shown in FIG. 3 is provided with a means 
for varying the intensity of the above-described electric 
?eld. In this construction, electrons l0 emanated from 
the specimen are separated according to their energies 
so that detector means 15 can be utilized for merely 
measuring the intensity of an electron beam in place of 
energy analyzer 11 as used in the embodiments of 
FIGS. 1 and 2. Magnetic pole 2, provided with aperture 
16, is made of a non-magnetic material for increasing 
the separability of the electrons. The output voltage of 
variable DC. voltage source 17 is applied between the 
aperture and the specimen. 

In this embodiment, when an X-ray is irradiated 
through hole 8 onto the specimen, the electrons ema 
nated from the specimen are focused by the axially 
symmetrical magnetic ?eld between magnetic pole l 
and magnetic pole 2 and then arrive at detector means 
15. The potential of the specimen is increased in the 
positive direction with respect to that of the aperture 
by varying the output voltage of source 17. Further, 
electrons emanated from the specimen can arrive at the 
detector only when the energy of the electron is larger 
than the energy reduced (the potential di?erence) be 
tween the specimen and the aperture. Consequently, 
the output signal having a wave form as shown in FIG. 
4 is obtained by the detector means. The output signal 
of the detector means is differentiated by differenti 
ation circuit 18. FIG. 5 shows the wave form of the out 
put signal of circuit 18. 

In the embodiment shown in FIG. 6, a vacuum ultra 
violet resonance line is irradiated onto a gaseous speci 
men, which is fed into the focusing magnetic ?eld from 
vessel 19 via valve 20 and pipe 21. I-Iez gas is intro 
duced into tube 23 from vessel 22 via valve 24, and 
then ionized by the discharge between electrodes 25a 
and 25b so that a vacuum ultraviolet resonance line is 
generated. The gaseous specimen is irradiated by the 
line passed through pipe 26. The energies of electrons 
thus emanated from the gaseous specimen are analyzed 
in the same manner as the embodiment shown in FIG. 
1. ' 

In the embodiment shown in FIG. 7, insulating mate 
rial 27 is provided between specimen 6 and magnetic 
pole 1 so that a potential difference can be provided 
between aperture 16 and specimen 6. In the embodi 
ment shown in FIG. 8, insulating material 28 is pro 
vided between aperture 16 and magnetic pole 2 so that 
a potantial difference can be provided between aper_ 
ture l6 and specimen 6. 
The embodiment shown in FIG. 9 is characterized in 

that it generates an axially symmetrical magnetic ?eld 
by a permanent magnet instead of by the exciting coil. 
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In this embodiment, permanent magnet 29 and mag 
netic materials 30, 31 and 32 produce an axially sym 
metrical magnetic ?eld for focusing electrons ema~ 
nated from therein. 
The embodiment shown in FIG. 10 is so constructed 

that the axially symmetrical magnetic ?eld is produced 
only by solenoid 33 without the permanent magnet or 
the magnetic material yoke. 

In the embodiment shown in FIG. 11, the axially sym 
metrical magnetic ?eld is produced by the magnetic 
lens of a scanning electron microscope or a transmitted 
electron microscope. In this embodiment, sample 6 is 
placed in a space other than that between magnetic 
poles l and 2. Nevertheless, specimen 6 is inside the 
magnetic ?eld, distribution of which is shown by curve 
34. 

In the embodiment shown in FIG. 12, the X-ray gen 
erator is located in the magnetic ?eld. The X-ray gener 
ator is comprised of ring-shaped ?lament 35 for emit 
ting electrons 36, spherical shellshaped target 37 for 
generating X-ray 7 by electron irradiation and ring 
shaped electrode 38 for introducing electrons 36 to the 
said target 37. It also includes the voltage source 39 for 
applying each potential to the said ?lament, the said 
electrode and the said target respectively. 
Having thus described the invention with the detail 

and particularity as required by the Patent Laws, what 
is desired protected by Letters Patent is set forth in the 
following claims. 

I. An apparatus for analyzing electron energy com 
prising a means for producing a substantially axially 
symmetrical magnetic ?eld, means for positioning a 
specimen in the magnetic ?eld, an X-ray source for ir 
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4 
radiating the specimen to cause emission of electrons, 
a means for analyzing energies of the electrons focused 
by the magnetic ?eld, a baffle having an aperture 
placed between the specimen and means for analyzing 
energies of the electrons, and a constant DC. voltage 
source connected with the baf?e and said specimen, 
the potential of the said baf?e being maintained at a 
negative potential with respect to the specimen. 

2. An apparatus according to claim 1, wherein an ex 
citing coil produces the substantially axially symmetri 
cal magnetic ?eld. 

3. An apparatus according to claim 1, wherein a per 
manent magnet produces the substantially axially sym 
metrical magnetic ?eld. 

4. An apparatus for analyzing the electron energy 
comprising a means for producing a substantially axi 
ally symmetrical magnetic ?eld, means for positioning 
a specimen in said magnetic ?eld, an X-ray source for 
irradiating the specimen to cause emission of electrons, 
a means for detecting the said electrons focused by the 
magnetic ?eld, a baf?e having an aperture placed be 
tween the specimen and said means for detecting the 
said electrons, and a variable DC. voltage source for 
varying the negative potential of the baffle with respect 
to said specimen. 

5. An apparatus according to claim 4, wherein an ex 
citing coil produces the substantially axially symmetri 
cal magnetic ?eld. 

6. An apparatus according to claim 4, wherein a per 
manent magnet produces the said substantially axially 
symmetrical magnetic ?eld. 

* * >|< * * 
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