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The present invention relates to energy-selecting elec 
tron microscopes. ‘ 

Electron beam forming an electron image in electron 
microscopes generally include electrons of diiferent energy 
values.’ The reason for this is that the electron beam 
passing through the substance under examination under 
goes not only the elastic but also the inelastic scattering 
effect of the specimen. The electrons having obtained 
different energies during the passage through the speci 
men are incoherent to each other and, on the other hand, 

of electrons passing‘therethrough. Accordingly, inelas 
tically scattered electrons sporadically reach the image 
plane around the image formed at points therein by elas 
tically scattered electrons and thus deteriorate the quality 
of the image. 

In view of the above di?iculties, the present invention 
is intended to improve the resolving power of an electron 
microscope through exclusion of inelastically scattered 
electrons to form an image solely by elastically scattered 
electrons. The invention is also intended to provide a 
novel and unique means for excluding elastically scattered 
electrons, if desired, to form an electron image solely of 
inelastically scattered electrons, thereby enabling experi 
mental researches to be conducted, for instance, on the 
scattering process of the incident electrons by the sub 
stance under examination or on the in?uence of inelas 
tically scattered electrons upon the electron microscopic 
image. 

According to the present invention, there is provided 
an energy-selecting electron microscope which comprises 
components arranged between the objective lens and the 
imaging plane of the microscope including ?rst selecting 
means for selecting one of the electron diffraction spots 
on the back focal plane of the objective lens, means for 
energy-analyzing said electron ray selected by said ?rst 
selecting means into monoenergetic electron rays, second 
selecting means for selecting one of said monoenergetic 
electron rays formed by said analyzing means, and an 
auxiliary lens for magnifying said monoenergetic electron 
ray selected by said second selecting means to form a ?nal 
image on the imaging plane. 
The present invention will now be described in detail 

with reference to the accompanying drawing, which 
, schematically illustrates an electron microscope embody 
ing the present invention. 

Referring to the drawing, numeral 1 designates an in 
cident electron beam emitted from an electron gun (not 
shown) and converged in a suitable manner. Numeral 3 
designates the electron beam after passing through a speci 
men 2 under examination. A pattern of electron diffrac 
tion spots 5, 5', 5", . . . is formed on the back focal plane 
of the objective lens 4. Numeral 6 designates a ?rst aux 
iliary lens 7, a ?rst aperture diaphragm which is movable 
for adjustment transverse to the longitudinal axis of the 
microscope; 9, an analyzing lens; 10, a second aperture 
diaphragm which is also movable for adjustment; and 12, 
a magnifying lens or second auxiliary lens. An enlarged 
pattern of diffraction spots 8, 8', 8", . . . is obtained on 
the plane of the ?rst aperture diaphragm, corresponding 
to the diffraction spots 5, 5’, 5", . . . . Analyzed images 
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. are formed in the plane of the second aper 

ture diaphragm 10 under the energy-analyzing effect of 
the analyzing lens 9. A ?nal image 14 is formed on the 
imaging plane 13. 
The incident electron beam 1 having a certain energy 

ED is transformed during the passage through the speci 
men 2 into an electron beam 3, which includes electrons 
of different energy values E0, E1, E2, . . . due to the 

, elastic as well as inelastic scattering effects of the speci 
men. The electron rays forming the electron diffraction 
spots 5, 5’, 5", . . . on the back focal plane of the objec 
tive lens are projected through the auxiliary lens 6 to form 
respective magni?ed diffraction spots 8, 8’, 8", . . . in 
the plane .of the ?rst aperture diaphragm 7, each of the 
electron rays forming the respective diffraction spots 8, 8', 
8", . . . also including electrons of different energy 

Assume, for example, that the 
?rst aperture diaphragm 7 has its aperture adjusted in 
position, as illustrated to allow passage therethrough only 
of that electron ray forming the central diffraction spot 8. 
The electrons forming the spot 8 will be energy-analyzed 
by analyzing lens 9 to form in the plane of the second 
aperture diaphragm 10 images 11, 11', 11", . . . corre 
sponding to respective different energy values E0, E1, E2, 

. as a discontinuous spectrum. It is to be under 
stood that those electrons having an energy value E0 are 
electrons elastically scattered by the specimen, all the re 
mainder being comprised of inelastically scattered 
electrons. 
The analyzing lens 9 as illustrated is an electrostatic 

unipotential lens having an extraordinarily large chro 
matic aberration constant, which is suitable for such 
energy analysis of electron beam. However, it is to be 
understood that the lens 9 is essentially a form of electron 
prism effective to disperse an electron beam in accordance 
with the energy difference between the electrons. It will 
be apparent that a pair of electron de?ecting plates may 
also serve the purpose with success. 
Each of the images formed in respective diiferent posi 

tions in the plane of the second aperture diaphragm 10 
depending upon the respective energy values is thus 
formed by monoenergetic electrons. Under these cir~ 
cumstances, the aperture of the second diaphragm 10 may 
be adjusted in position so as to allow passage therethrough 
solely of those elastically scattered electrons of energy E0 
which form the diffraction spot 11, as illustrated. The 
electron ray having passed through the aperture is then 
magni?ed by the magnifying lens to obtain in the imaging 
plane 13 a ?nal image 14 of high resolution formed solely 
of elastically scattered electrons of the energy Eu. 

It will readily be appreciated that by adjusting the aper 
ture position of the second diaphragm 10, any electron ray 
including inelastically scattered electrons of an energy 
value less than E0 may be selected to form a mono 
energetic electron image. This a?fords a means of ex 
perimentally investigating the in?uence of inelastically 
scattered electrons upon images as obtained with ordinary. 
electron microscopes. Obviously, this does not preclude 
use of the electron microscope of the present invention in 
the manner conventionally employed with ordinary elec 
tron microscopes. 
As apparent from the foregoing, the electron micro 

scope of the present invention has a number of merits 
and a wide range of applications.‘ First, it has an im 
proved resolving power and enables close and accurate 
observations since it forms an electron image of high 
resolution by use of elastically scattered electrons only. 
Secondly, this microscope, being also capable of forming 
an image by use of inelastically scattered electrons only, 
provides an effective means of experimentally elucidating 
different electron-scattering processes in a specimen or the 
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in?uence of inelastically scattered electrons upon electron 
images, which has previously been dealt with upon the 
basis of sheer presumptions. 
What is claimed is: 
1. An energy-selecting electron microscope having elec 

tron beam generating means, a specimen and an objective 
lens comprising components arranged between said objec 
tive lens and the imaging plane of the microscope includ 
ing a ?rst auxiliary lens, a ?rst selecting means for select 
ing an electron ray forming one of the electron dilfraction 
spots of said specimen under examination on the back 
focal plane of the objective lens, means for energy-analyz 
ing the electron ray selected by said ?rst selecting means’ 
into monoenergetic electron rays, a second selecting means 
for selecting one of said monoenergetic electron rays 
formed by said analyzing means, and an auxiliary lens 
means for magnifying said monoenergetic electron ray 
selected by said second selecting means to form a ?nal 
image on the imaging plane. 

2. An energy-selecting electron microscope having elec 
tron beam generating means, a specimen and an objective 
lens comprising components arranged between said objec 
tive lens and the imaging plane of the microscope including 

a ?rst auxiliary lens, 
a ?rst selecting means for selecting an electron ray 
forming one of the electron di?raction spots of said 
specimen under examination on the ‘back focal plane 
of the objective lens, 

means for separating the said electron ray into mono 
energetic electron rays, 

a second selecting means for selecting one of said mono 
energetic electron rays formed to the exclusion of 
the others, and ‘ 

lens means for transmitting said selected monoenergetic 
electron ray to the imaging plane of said electron 
microscope. 

3. An energy-selecting electron microscope having elec 
tron beam generating means, a specimen and an objective 
lens comprising components arranged between said objec 
tive lens and the imaging plane of the microscope including 

a ?rst auxiliary lens, 
a ?rst selecting means for selecting an electron ray 

forming one of the electron diffraction spots of said 
specimen under examination on the back focal plane 
of the objective lens, > 

means for separating the said electron ray into mono 
energetic electron rays, 

a second selecting means for selecting one of said mono 
energetic electron rays formed to the exclusion of the 
others, and 

- lens means for transmitting said selected monoenergetic 
electron ray to the imaging plane of said electron 
microscope, 

said ?rst and second selecting means being in the form 
of adjustable aperture diaphragms capable of trans 
verse adjustment with respect to the longitudinal axis 
of said microscope. 

4. An energy-selecting electron microscope having elec 
tron beam generating means, a specimen and an objective 
lens comprising components arranged between said objec 
tive lens and the imaging plane of the microscope including 

a ?rst auxiliary lens, 
a ?rst selecting means for selecting an electron ray 

forming one of the electron diffraction spots of said 
specimen under examination on the back focal plane 
of the objective lens, 

means for separating the said electron ray into mono 
energetic electron rays, 

a second selecting means for selecting one of said mono 
energetic electron rays formed to the exclusion of 
the others, and 

lens means for transmitting said selected monoenergetic 
electron ray to the imaging plane of said electron 
microscope, 

.said means for separating the said electron ray into 
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4 
monoenergetic electron rays being in the form of an 
electrostatic unipotential lens having a large chro 
matic aberration constant. 

5. An energy-selecting electron microscope having elec 
tron beam generating means, a specimen and an objective 
lens comprising components arranged between said ob 
jective lens and the imaging plane of the microscope 
including 

a ?rst auxiliary lens, 
a ?rst selecting means for selecting an electron ray 

forming one of the electron diffraction spots of said 
specimen under examination on the back focal plane 
of the objective lens, 

means for separating the said electron ray into mono 
energetic electron rays, 

a second selecting means for selecting one of said mono 
energetic electron rays formed to the exclusion of 
the others, and 

said ?rst and second selecting means being in the form 
of adjustable aperture diaphragms capable of trans 
verse adjustment with respect to the longitudinal axis 
of said microscope, 

said means for separating the said electron ray into 
monoenergetic electron rays being in the form of an 
electrostatic unipotential lens having a large chro 
matic aberration constant. 

6. An energy-selecting electron microscope having elec 
tron beam generating means, a specimen and an objective 
lens comprising components arranged between said ob 
jective lens and the imaging plane of the microscope 
including 

a ?rst auxiliary lens, 
‘a ?rst selecting means for selecting an electron ray 

forming one of the electron ditfraction spots of said 
specimen under examination on the back focal plane 
of the objective lens, 

means for separating the said electron ray in-to mono 
energetic electron rays, 

a second selecting means for selecting one of said mono 
energetic electron rays formed to the exclusion of 
the others, and 

means for transmitting said selected monoenergetic 
electron ray to the imaging plane of said electron 
microscope, 

said ?rst and second selecting means being in the form 
of adjustable aperture diaphragms capable of trans- ' 
verse adjustment with respect to the longitudinal 
axis of said microscope, 

said means for transmitting said selected monoenergetic 
electron ray to the imaging plane ‘being in the form 
of a magnifying lens. 

7. In an electron microscope having electron beam 
generating means, an objective lens, an image plane and 
a specimen disposed between said electron beam generat 
ing means and said objective lens, the improvement esseni 
tially consisting of means disposed 'between said objec 
tive lens and said image plane for selectively excluding 
from the electron beam emanating from said specimen 
all electrons except those of a desired energy level com 
prising 

a ?rst auxiliary lens, 
a ?rst selecting means for selecting an electron ray 

forming one of the electron di?raction spots of said 
specimen under examination on the back focal plane 
of the objective lens, 

means for separating the said electron ray into mono 
energetic electron rays, ' 

a second selecting means for selecting one of said mono 
energetic electron rays to the exclusion of the others, 
and 

. auxiliary lens means for magnifying said monoenergetic 
electron ray selected by said second selecting means 
to form a ?nal image on the imaging plane. 

8. In an electron microscope having electron beam 
generating means, an objective lens, an image plane and 
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a specimen disposed between said electron beam gen 
erating means and said objective lens, the improvement 
essentially consisting of means disposed between said 
objective lens and said image plane for selectively ex 
cluding from the electron beam emanating from said 
specimen all electrons except those of a desired energy 
level comprising 

a ?rst auxiliary lens, 
a ?rst selecting means for selecting an electron ray 

forming one of the electron di?raction spots of said 
specimen under examination on the back focal plane 
of the objective lens, 

means for‘separating the said electron ray into mono 
energetic electron rays, 

a second selecting means for selecting one of said 
monoenergetic electron rays to the exclusion of the 
others, and 

auxiliary lens means for magnifying said monoener 
getic electron ray selected by said second selecting 
means to form a ?nal image on the imaging plane, 

said ?rst and second selecting means being in the form 
of adjustable aperture diaphragms capable of trans 
verse adjustment with respect to the longitudinal 
axis of said microscope. 

9. In an electron microscope having electron beam 
generating means, an objective lens, an image plane and 
a specimen disposed between said electron beam generat 
ing means and said objective lens, the improvement essen 
tially consisting of means disposed between said objective 
lens and said image plane for selectively excluding from 
the electron beam emanating from said specimen all 
electrons except those of a desired energy level compris 
mg 

a ?rst auxiliary lens, 

10 

20 

25 

30 

6 
a ?rst selecting means for selecting an electron ray 

forming one of the electron diffraction spots of said 
specimen under examination on the back focal plane 
of the objective lens, 

means for separating the said electron ray into mono 
energetic electron rays, 

a second selecting means for selecting one of said 
monoenergetic electron rays to the exclusion of the 
others, and 

auxiliary lens means for magnifying said monoener 
getic electron ray selected by said second selecting 
means to form a ?nal image on the imaging plane, 

said means for separating the said electron ray into 
monoenergetic electron rays being in the form of an 
electrostatic unipotential lens having a large chro 
matic aberration constant. 
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