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ABSTRACT OF THE DISCLOSURE 

A scanning electron microscope equipped with a high 
excitation electron lens in which the specimen to be ana 
lyzed is placed in a magnetic ?eld produced by the lens. 
In this arrangement, the incident electron beam is focused 
and de?ected by the magnetic ?eld before the specimen. 
Further, secondary electrons emitted from the specimen 
by the irradiation of the electron beam are focused spirally 
by the said magnetic ?eld and removed from the magnetic 
?eld along the optical axis. 

This invention relates to a scanning electron microscope 
and particularly to a scanning electron microscope in 
which secondary electrons emitted ‘from a specimen are 
effectually detected. 

In the scanning electron microscope secondary elec 
trons are emitted from a specimen surface by irradiating 
the specimen with an incident electron ‘beam caused to 
scan the specimen by a de?ection coil. The secondary 
electrons are detected by a detector located between the 
?nal condenser lens and the specimen. However, since the 
secondary electrons disperse in many directions, effec 
tive detection is di?icult or impossible. 

In recent years, attempts have been made to observe a 
secondary electron image using a transmission type elec 
tron microscope. ‘With this type of microscope the speci 
men is inserted in a limited inner part of the pole piece 
in the objective lens. Unfortunately, there is insufficient 
room to house the secondary electron detector in such a 
limited space. As a result, an electron microscope capable 
of observing both a transmission image and a secondary 
image has thus far not been realized. 

It is an advantage of scanning electron microscopes ac 
cording to this invention that they effectually detect the 
secondary electrons emitted from the specimen in the 
usually dispersed manner. It is a further advantage that 
the specimen may be observed over a wide ?eld of vision. 
Also, a high resolution secondary electron image is ob 
served. It is a further advantage of electron microscopes 
according to this invention that they are capable of pro 
viding both a secondary electron image and a conven 
tional transmission electron image. 

Brie?y, according to this invention, the specimen is 
situated within a high excitation objective lens. The pre 
?eld (that part of the magnetic lens ?eld before the speci 
men) focuses the incident beam and con?nes the second 
ary electrons emitted from the specimen. The post-?eld 
(that part of the magnetic lens after the specimen 
and usually below the specimen) focuses and magni?es 
the beam which passes through the specimen. By so do 
ing, both a scanning secondary electron image and a nor 
mal transmission electron microscope image can be ob 
served by the one electron microscope. 
The aforedescribed drawbacks have been overcome in 

this invention by positioning the specimen in a magnetic 
?eld produced by a high excitation electron lens. The in 
cident electron beam is focused by the pre-?eld prior to 
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irradiating the specimen. Consequently, secondary elec 
trons are emitted from the specimen. Since the energy of 
the said electrons is low, the electrons are spirally focused 
along the optical axis by the pre-?eld and removed there 
from. By so doing, the secondary electrons are effectually 
detected. 

Various other objects and advantages of this invention 
will become readily apparent from the following detailed 
description with reference to the accompanying drawings 
in which: 

FIG. 1 shows a scanning electron microscope in which 
a specimen is positioned in a magnetic ?eld produced by 
an electron lens; 

FIG. 2 is an analogous optical view of a modi?ed em 
bodiment of the microscope shown in FIG. 1; 

FIG. 3 shows an electron microscope in which a speci~ 
men is positioned in an objective lens; 

FIG. 4 is an analogous optical view of the electron 
microscope shown in FIG. 3; 

FIGS. 5, 6 and 7 show modi?ed embodiments of the 
electron microscope shown in FIG. 3; 

:FIG. 8 shows the magnetic distribution of the objective 
lens used in FIG. 7; and, 

FIGS. 9 and 10 show other modi?ed embodiments ac 
cording to this invention. 

Referring to FIG. 1, an electron beam produced by an 
electron gun 1 passes through a condenser lens 2. A coil 
3, in the condenser lens 2, is supplied with excitation 
current by a power source 4, thereby enabling the elec 
tron beam to be focused by the magnetic ?eld produced 
by the lens 2. The focused electron beam is then de?ected 
by, for example, a magnetic ?eld produced by a de?ect 
ing means 5 and irradiated on a specimen 6 which is 
placed ‘within the magnetic ?eld produced by a high ex 
citation electron lens 7. A scanning signal is supplied to 
the de?ecting coils 5 by a scanning signal generating 
circuit 13 causing the incident electron beam to scan the 
surface of the specimen 6. 

Secondary electrons are emitted from the specimen by 
the irradiation of the incident electron beam. Further 
more, since the pre-?eld of the electron lens 7 extends 
to the upper part of the de?ection means 5, the secondary 
electrons are spirally focused along the electron optical 
axis in the upper direction. Finally, the said electrons 
are detected by a detector 8 and a signal is supplied to a 
display means 12. To ensure that the secondary electrons 
are effectually detected, it is necessary to apply a positive 
voltage to the detector 8. 
At the same time, the electrons which pass through the 

specimen are detected by a detector 9 such as a Faraday 
cage. The output signal from either of the two detectors 
8 and 9 are selected by a switch 10', the selected signal 
being applied to the display means 12 via an ampli?er 11. 
Further, the scanning signal generated by the scanning 
signal generating circuit 13 is fed into a de?ecting means 
14 forming part of the display means 12. As a result, when 
the signal detected by the detector 8 is fed into the said 
display means, the scanning secondary electron image is 
observed. On the other hand, when the signal detected by 
the detector 9 is fed into the display means 12, the scan 
ning transmission electron image is observed. . 

In this arrangement, since the specimen 6 is positioned 
in the electron lens 7, the incident electron beam is not 
affected by extraneous external electrical and magnetic 
disturbances. Further, since a high excitation magnetic 
lens is used, both chromatic and spherical aberrations are 
reduced considerably. Consequently, the irradiation spot 
of the incident electron beam is very ?ne and a high 
resolution scanning electron image is observed. 

In another embodiment employing the scanning elec 
tron microscope as shown in FIG. 1, a variable power 
source 16 is used for feeding an excitation current into 
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the coil 15 of the electron lens 7. FIG. 2 shows ananal 
ogous optical view of this embodiment. In the ?gure, the 
incident electron beam BB is focused by the condenser 
lens 2 and de?ected by the de?ecting means 5. The de 
?ected electron beam is focused and de?ected by the elec 
tron lens 7 and irradiated on the specimen 6. Now, if the 
current fed from the power source 16 into the coil 15 is 
small, the incident electron beam is de?ected as shown 
by BB2. That is to say, the incident electron beam scans 
the specimen ,over a wide ?eld of vision. As the excitation 
current is increased, the scanning range is reduced as 
shown by EB;;, and BB3. 
FIG. 3 shows an electron microscope capable of observ 

ing both the normal transmission electron microscope im 
age and the scanning electron image. In this ?gure, the 
objective lens 30 comprises a pole piece 31, a yoke 32 and 
a coil (not shown). The pole piece 31 includes three fer 
romagnetic poles 33, 34 and 35 connected by a non-mag 
netic spacer 36, poles 33 and 34 constituting a gap, to be 
referred to as the ?rst gap, and poles 34 and 35 consti 
tuting another gap to be referred to as the second gap. In 
this way, a strong magnetic ?eld is produced which acts 
as a lens in each of the two gaps when high excitation 
current is applied to the coil. A specimen 37 is placed 
between the two gaps preferably in the object plane of 
the objective lens. The ?eld in the ?rst gap focuses the 
parallel electron beam and the beam forming a reduction 
image of a crossover on the specimen 37. An advantage of 
this arrangement is that, since the magnetic ?eld in the 
?rst gap is strong, the reduction image and its accompany 
ing spherical aberration are both very small. A further 
advantage of this arrangement is that the specimen 
37 is unaffected by external electrical and magnetic 
disturbances. 

Secondary electrons dispersed from the specimen 37 
are con?ned by the pre-?eld and accelerated in the upper 
direction by an electrode 39 to which a positive voltage 
is fed from a power source 38. By so doing, the secondary 
electrons are spirally eccelerated in the pre?eld along the 
electron beam axis since the energy of the secondary elec 
trons is weak and the said pre-?eld is strong. 
The electrons which pass through the opening in the 

electrode 39 are de?ected by optional magnetic ?eld 40 
(it is possible to eliminate this ?eld as required) and 
directed towards a detector 41 located away from the 
electron beam axis. The detector 41 comprises a grounded 
case 42, a photomultiplier 43, a light tube 44, an electrode 
45 to which a positive voltage is fed from the power 
source 38 and a ?uorescent screen 46. The secondary elec 
trons impinge on the ?uorescent screen 46 and are 
changed into light signals. These signals then pass through 
the light tube 44 and are detected by the photomultiplier 
43. The output of the detector 41 is fed into a display 
means 47 such as a cathode ray tube. 
A pair of de?ection coils 48, to which a scanning signal 

is fed by a scanning signal generating means 49, are ar 
ranged in the upper part of the magnetic ?eld 40 so that 
the incident electron beam scans the specimen 37 in two 
directions. The scanning signal is also fed into a de?ecting 
means 47a of the display means 47. Referring to FIG. 4, 
the incident electron beam EB is scanned as BB4, BB5 and 
EB,,-. The magnetic ?eld produced by the ?rst gap repre 
sented by the ?rst lens 0L1 of the objective lens 30 focuses 
and de?ects the incident electron beam. 

In the above described embodiment, the detector 41 is 
positioned in a higher plane than the specimen‘ so as to 
detect the secondary electrons. It is equally possible of 
course to position the said detector in a lower plane than 
the specimen so as to observe the scanning transmission 
electron image. When observing a transmission electron 
microscope image, however, the de?ecting means 48 
should be deactivated and the condenser lens (not shown) 
adjusted so that the incident electron beam focuses on the 
front focal plane of the ?rst lens 0L1. This is necessary 
in orderto irradiate a parallel electron beam on the speci 
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menv37. The electron beam which passes through the 
specimen is focused on the plane P by the magnetic ?eld 
produced by the second gap represented in FIG. 4 by the 
second lens 0L2. The image, thus obtained, is magni?ed 
by a magnifying lens or lenses and projected onto a ?uo 
rescent screen. 
FIG. 5 shows a modi?ed embodiment of the electron 

microscope shown in FIG. 3. In this embodiment, a sec 
ond electrode 50 is provided in place of the magnetic 
?eld 40 shown in FIG. 3. The said electrode 50 is main 
tained at ground or negative potential so that the velocity 
of the secondary electrons accelerated by the ?rst elec 
trode 39 is reduced. The said electrons are directed to the 
detector 41 by the electric ?eld produced by the elec 
trode 45. 
FIG. 6 also shows a modi?ed embodiment of the elec 

tron microscope shown in FIG. 3. In this case, the objec 
tive lens 51 comprises two magnetic poles 52 and 53, a 
yoke 54 and a coil 55. A permanent magnetic 56 is pro 
vided at the upper part of the lens. A yoke plate 57, to 
which a magnetic pole 58 is ?tted, ‘is secured to the upper 
end of the permanent magnet ‘56. Consequently, the mag 
netic ?eld produced by the magnetic poles 58 and 52 acts 
as the first lens and the magnetic ?eld produced by the 
magnetic poles 52 and 53 acts as the second lens. It is 
possible to provide a magnetic excitation coil instead of 
the permanent magnet 56. 

FIG. 7 shows another modi?ed embodiment of the 
electron microscope shown in FIG. 3. In this case, a pole 
piece 61 in an objective lens 60 comprises two magnetic 
poles 62 and 63. The lens intensity to of the objective 
lens is expressed as follows: 

where e is the electric charge, B0, the maximum valve 
of the axial magnetic ?eld, d, the half-value width of the 
axial magnetic ?eld, distribution, me, the mass of the 
electron and V, the accelerating voltage, In this embodi 
ment, to is 2 or over. 
FIG. 8 shows the magnetic distribution produced by 

the objective lens 60 under conditions of strong excita 
tion. The specimen 37 is placed near the maximum in 
tensity area. A magnetic ?eld H1 produced in front of the 
specimen 37 acts as the ?rst lens and a magnetic ?eld H2 
produced at the rear of the said specimen acts as the sec 
ond lens. As a result, the scanning electron image and 
the transmission electron microscope image are observed 
in the same way as in the embodiment shown in FIG. 3. 
When the transmission electron microscope image is ob 
served, it is desirable to adjust the excitation current fed 
into the objective lens so as to defocus the incident elec 
tron beam onto the specimen and thereby irradiate the 
said beam over a wide ?eld of vision. 

In the embodiment shown in FIG. 9, the detector 
41 is located above the de?ecting means. However, since 
the premagnetic ?eld extends to the upper part of the 
de?ecting means 48, the electrons are refocused along 
the optical axis by the said field and detected by the 
detector 41, even if the secondary electrons are de?ected. 
The advantage of this arrangement is that the de?ecting 
means can be placed nearer the objective lens, thereby 
minimizing electron beam aberration produced by the 
de?ection, and, by so ‘doing, enabling the realization of 
a high resolution scanning electron microscope. Further, 
it is possible to spread the ?eld of vision of the specimen 
and to locate attachments such as specimen heating and 
cooling devices with ease. 

FIG. 10 shows another embodiment of this invention. 
Here, the de?ecting means 48 for de?ecting the incident 
electron beam is attached to the upper portion of the 
magnetic pole 62 of the objective lens 60, A movable 
stage 65 supporting a specimen holder 66 is mounted on 
the objective lens via ball bearings 64. The detector 41 
located in the specimen chamber 67 detects the secon 
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dary electrons emanating from the specimen holder 66. 
Further, the condenser lens 68 is mounted on the upper 
side of the specimen chamber 67. 
Having thus described the invention with the detail 

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

‘We claim: 
1. An electron microscope comprising: 
(A) an electron gun; 
(B) a means for de?ecting the electron beam pro 
duced by the electron gun to scan a specimen; 

(C) a high excitation objective magnetic lens in which 
the specimen is placed, the magnetic ?eld before 
the specimen con?ning the secondary electrons 
emitted from the specimen, the magnetic ?eld after 
the specimen focusing the electron beam transmitted 
through the specimen; 

(D) a detecting means for detecting the secondary 
electrons emanating from the specimen; and, 

(E) a display means in circuit with the said detecting 
means for displaying the scanning electron image, 
the said display means being synchronized with the 
said de?ecting means. 

2. vAn electron microscope according to claim 1 where 
in the objective lens comprises three magnetic poles, a 
yoke and an excitation coil, the ?rst and second mag 
netic poles producing a magnetic ?eld before the speci 
men, the second and third magnetic poles producing a 
magnetic ?eld after the specimen. 

3. An electron microscope according to claim 1 where 
in the objective lens comprises two magnetic poles, a 
yoke and an excitation coil, the specimen being placed 
in the area of maximum magnetic ?eld intensity pro 
duced by the two magnetic poles. 

4. An electron microscope according to claim 1 
wherein the detecting means is located in the upper part 
of the de?ecting means. 

5. An electron microscope comprising: 
(A) an electron gun; 
(B) a de?ecting means for de?ecting the electron 
beam produced by the electron gun to scan a speci 
men; 

(C) a high excitation objective lens in which the speci 
men is located, the magnetic ?eld before the speci 
men focusing the secondary electrons emitted from 
the specimen, the post-magnetic ?eld after the speci 
men focusing the electron beam transmitted through 
the specimen; 
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(D) a detecting means for detecting the secondary 

electrons emanating from the specimen; 
(E) a means for directing the secondary electrons 
from the optical axis to the said detecting means; 
and, 

(F) a display means in circuit with the said detecting 
means for displaying the scanning electron image, 
the said display means being synchronized with the 
said de?ecting means. 

6. An electron microscope according to claim 5 
wherein the means for directing the secondary electrons 
comprises a magnetic ?eld produced in the optical axis. 

7. An electron microscope according to claim 5 
wherein the means for directing the secondary electrons 
comprises an electrode located above the objective lens. 

v8. An electron microscope comprising: 
(A) an electron gun; 
(B) a de?ecting means for de?ecting the electron 
beam produced by the electron gun; 

(C) three magnetic poles provdies along the optical 
axis, the ?rst and second magnetic poles forming a 
?rst gap and the second and third magnetic poles 
forming a second gap, there being a space between 
the two gaps where the specimen may be located; 

(D) a means for producing a magnetic ?eld in each 
of the said two gaps, the said ?elds focusing the 
secondary electrons and the electron beam trans 
mitted through the specimen respectively; 

(B) at detecting means provided above the ?rst mag 
netic pole for detecting the secondary electrons; 
and, 

(F) a display means in circuit with the said detecting 
means for displaying the scanning electron image, 
the said display means being synchronized with the 
said de?ecting means. 
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