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UNITED STATES PATENT of FICE 
PERMANENT MAGNETIC ELECTRON 

LENS SYSTEM 

John H. Reisner, Haddonfield, N.J., assignor. to 
Radio Corporation of America, a corporation of 
Delaware 

Application October 18, 1946, Serial No. 704,089 
(C. 250-49.5) 12 Claims. 

1. 
This invention relates to improvements in ap 

- paratus for focusing a stream of electrons and, 
although not limited to use in apparatus de 
signed for any one purpose, may be advanta 
geously used as a component in an electron micro 
Scope. 
A means for focusing a stream of electrons is 

known as an electron lens. Its function is anal 
Ogous to the function of a lens used for focus 
ing a beam of light. Electron lenses have gener 
ally been of two distinct types, electrostatic and 
magnetic, and the latter class may, in turn, be 
divided into two divisions, namely, the electro 
magnetic and the permanent magnetic. The 
present invention covers improvements in lenses i 
of the magnetic type, which may be either per 
manent or electromagnetic, although in this par 
ticular instance the former is preferred. 
One object of the present invention is to pro 

vide an improved System of permanent magnetic 
electron lenses having greatly increased magni 
fication power with good resolution. 
Another object is to provide a permanent mag 

netic electron lens System utilizing the external 
magnetic flux more efficiently. 
Another object is to provide a permanent mag 

netic electron lens system utilizing a magneti 
cally permeable shield which at the same time 
serves as part of the magnetic circuit of the 
lens System. 
Another object is to provide an improved per 

manent magnetic lens system having electromag 
netic focusing means. 
Another object is to provide an improved elec 

tron lens System in which either electromagnetic 
or permanent magnetic lenses may be used inter 
changeably. 

Still another object is to provide an electron 
opticallens System to which, easy access may be 
had for changing the magnets or inserting speci 
aeS. 

These and other objects will be more apparent 
and the invention will be better understood by 
reference to the following description taken in 
connection with the drawings in which: 

Fig. 1 is a cross Section view of one type of 
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permanent magnetic lens in which the direction 
of magnetization of the magnets is parallel to 
the axis of the electron beam. 

Fig. 2 is a croSS Section view of a lens similar 
to that of Fig. 1 but having only a single flux 
gap positioned. So as to act upon the electron 
bean. 

Fig. 3 is a perspective partial view of another 
type of permanent magnet, electron lens con 
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2 
structed according to the present, invention but 
having the direction of magnetization of the mag 
nets perpendicular to the axis of the lens. 

Fig. 4 is a transverse section view of the lens 
system of Fig. 3 with the principal flux paths 
indicated. 

Fig. 5 is a cross section view of another per 
manent magnet lens system falling within the 
scope of the present invention and also having 
the principal flux paths indicated. 

Fig. 6 is a perspective partial view of another 
type of permanent magnet, lens System having the 
direction of magnetization of its magnets per 
pendicular to the lens axis. 

Fig. 7 is a perspective partial view of still an 
other type in which direction of magnetization is 
perpendicular to the lens axis. 

Fig. 8 is a cross, section view of another modi 
fication in which a conically shaped magnet is 
used having its direction of magnetization Sub 
stantially along an element of the cone. 

Fig. 9 shows how the lens system of Fig. 3 
may have an electromagnetic focusing control 
applied to it. . . . 

Fig. 10 shows how the same may be applied to 
the system of Fig. 5. 

Fig. 11 is a diagrammatic view of a typical 
electron microscope showing the position of the 
lens system in relation, to the other parts. 

Heretofore, electron lenses have been princi 
pally of two types, electromagnetic and electro 
static. With the former, both good resolution 
and very high magnification are obtainable but 
electron microscopes using this type of lens are, 
at best, bulky and relatively expensive. Electron 
microscopes using electrostatic lenses may be 
made somewhat more compact but this type of in 
strument has other disadvantages such as high 
voltage required between the lenses. 
Permanent magnet lens systems because of their 

relative simplicity of construction and operation 
have been tried. An example of this type of lens 
is shown in the patent to Ramberg, No. 2,369,796, 
and assigned to the present assignee. This type 
of lens has many advantages. Over previous mag 
netic lens types but the highest magnification 
thus far obtained with it has been below 1000 
diameters. 
The present invention provides a distinct im 

provement in design and a somewhat different 
principle compared to the lens system shown in 
the Ramberg patent. With the improved type of 
lens, magnifications of the order of 10,000 diame 
ters with excellent resolution may easily be ob 

55tained. These lens systems are so compact that 
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electron microscopes using them may be made 
quite small and light in weight and their cost is 
but a fraction of the best previously designed in 
strument using electromagnetic lenses. 

In the electron lens system of the present in 
vention paths of magnetically permeable material 
have been provided to lead the external flux 
which always surrounds a magnet to flux gaps 
which thereby become more strongly energized 
and exert a greater bending influence on the 
streaming electrons paSSing by. 

Ordinarily a cylindrical or other shaped per 
manent magnet lens has a strong external field 
which reacts upon electrons before they enter 
the lens itself and prevents the formation of 
sharp images. Attempts have been made to elim 
inate the effect of this field on the electron path 
by shielding the lens with magnetically permeable 
material. Such a shield also prevents stray ex 
ternal magnetic fields generated by other forces 
from influencing the operation of the lens which 
shielding is absolutely necessary for Successful 
operation. This is effective as a preventive meas 
ure but the manner in which these shields have 
been used heertofore did not allow the use of the 
external flux as part of the energizing force in 
the lens. In the present invention, however, the 
shield becomes a part of the flux path with the 
result that the flux gap has its field greatly in 
tensified. 
One modification of a lens System constructed 

according to the present invention is shown in 
Fig. 1. This is a cross section view of a typical 
system having component magnets energized in 
a direction parallel to the path of travel of the 
electron beam being acted upon by the lens sys 
tem. In the figure there is shown a cylindrical 
magnet having its bases as poles. To one of the 
bases is attached an inner concentric cylinder 2 
of magnetically permeable material having low 
retentivity which may be soft iron or cold rolled 
steel. To the opposite base, which is also the op 
posite pole of the cylindrical magnet is attached 
an outer concentric shield 3 of similar magnetic 
ally permeable material. A spacing ring 4 of non 
magnetic material such as brass separates the end 
pieces of the inner and outer shields. 
The magnetic cylinder may be thought of as 

having an inner and an outer flux circuit in par 
allel. Part of the path of these circuits is through 
the cylinder itself and when the cylinder is not 
associated with any other magnetic substance the 
return path is through the air. Introducing a 
magnetically permeable substance into the air 
path concentrates the flux. So that Substantially 
all of it traves through the permeable material 
instead of through the air. This characteristic of 
magnets and magnetic fields is well known. 

In order to make a double magnetic lens which 
can be used to focus a beam of electrons it is nec 
essary to establish two fiux gaps which will pro 
vide a strong field within a Small area. In the 
present case these gaps are formed by attaching 
pole pieces to the magnet and shaping these pole 
pieces. Such that one of then acts not only as an 
external shield but as a path for leading the outer 
flux to One of the flux gaps. The inner cylindrical 
pole piece leads the inner flux to the other flux 
gap. In this way almost all of the field strength 
of the ragnet is utilized and much higher orders 
of magnification are possible. 
The two gap System provides two magnetic 

lenses, one of which may constitute an objective 
lens and the other of which becomes a projector 
lens as indicated by the letters O and P, respec 
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4. 
tively, on Fig. 1. With this combination, high 
magnifications are possible, 
For some applications a single gap lens is nec 

essary. For this effect, in which only one of the 
fiux gaps is positioned so that it will affect the 
focusing of the electrons, it is necessary to move 
the unused gap away from the electron path. An 
illustration of this type of lens is shown in the 
cross section drawing of Fig. 2. This lens has a 
cylindrical magnet 5, an inner concentric pole 
piece 6, an outer concentric shield and pole piece 
7 and non-magnetic spacer 8. The flux gap at 9 
is the only one which influences the focusing of 
the electrons since the other gap G is too far re 
moved to have any effect. 
The magnet does not need to be cylindrical in 

shape. Any hollow tubular form may be used 
such as square, polygonal, or oval. The form 
need not even be hollow tubular. The magnet 
System may consist of One or more bar magnets 
and the shield and inner conducting member may 
assume correspondingly limited forms, Such as 
bars. 

In the modification of the invention just de 
Scribed the alternate forms of the component 
magnets have all had their direction of magneti 
zation substantially parallel to the axis of the 
path of the electron beam or the optical axis of 
the ler 3, It is not necessary, however, that the 
magnets be arranged in this way. They may be 
placed such that their direction of magnetization 
is perpendicular to the optical axis of the lens. 
One illustration of this type is shown in Fig. 3 
This figure shows a lens System in which tWO pairs 
of bar magnets -2 and 3-4 are arranged 
on opposite sides of a magnetically permeable 
core 5. All of the magnets have their poles in 
parallel. Connecting the outer poles of each pair 
of magnets are magnetically permeable yokes 6 
and . Spool ends 8 and 9 of magnetically per 
meable material complete the assembly. 
The principal flux paths through this system. 

are shown in Fig. 4. Here it is shown that the 
outer shield, made up of the yokes 6 and serves 
as part of the path of the magnetic circuit con 
ducting the flux to the flux gaps where most of it 
can be utilized. 

Fig. 5 shows a longitudinal section view of an 
other modification of the system in which only 
two bar magnets 20 and 2 are used. The princi 
pal flux paths are indicated. 
Other examples of combinations of bar mag 

nets which fall within the scope of the invention 
are shown in the drawings. Fig. 6 is a partial 
view of one end of a lens system having eight bar 
magnets. Only four of the magnets appear in 
the drawing, the other end of the System being 
an exact duplicate. In the drawing the magnets 
22, 23, 24, and 25 are each joined to an inner mag 
netically permeable core 26 and have their oppo 
site poles connected to magnetically permeable 
yokes 27, 28, 29, and 30, respectively. The yokes 
are joined to magnetically permeable end pieces, 
One Of which 3 is illustrated. 

Fig. 7 shows how 3 bar magnets 32, 33, and 34 
may be grouped symmetrically around a core 3. 
The invention is not limited to use of magnets 

energized either parallel or perpendicularly to the 
axis of the lens. The magnets may be energized 
at Some other angle such as illustrated in Fig. 8. 
This figure shows a conically shaped magnet 36 
Surrounded by a soft iron shield 37 and having 
Soft iron pole pieces 38. In this 'case the shield 
also serves as part of the path through which the 
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flux is led to complete the magnetic circuit across 
...the gap. 

In the construction of all of these lenses the 
magnetS may be made of any strongly magnetiza 
ble metal. It is preferred to use one of the Alnico 
alloys containing iron, aluminum, nickel, and co 
balt but other magnetized material may be used if 
strength and stability are not primary require 
ments. 
When bar magnets are used they need not be 

of rectangular croSsssection since other shapes 
Such as circular or wedge shape will serve equally 
Well. 
The modification in which bar magnets are 

used is perhaps most preferable from a practical 
standpoint. In this type it is possible to ; vary 
the maximum strength over a wide range, by us 
ing different numbers of energizing units. An 
other advantage is that focusing may be changed 
by changing the position of an auxiliary magnet 
or a shorting bar. Pole piece gaps and column 
Spaces are accessible for external cooling or tem 
perature control which latter factor is desirable 
to obtain constancy of gain or resolution. Image 
rotation can also be reduced to a negligible, 
amount. 

The system which has been described is not 
limited to the one or two gap types which have 
been illustrated. Any number of units may be 
assembled together to energize any desired num 
ber of gaps. 
The focusing of an electron beam using a per 

manent magnet lens system may be varied just as 
effectively as in a system using electromagnetic 
lenses. This may be done in either one of two 
ways. One way is to vary the accelerating po 
tential of the electrons in order to change their 
Velocity. Another way is to place auxiliary coils 
in the magnet system and vary the current 
through them. Figure 9 illustrates how this fo 
cusing System may be applied to the lens system 
of Fig. 3. Two coils. 39 and 40 are, wound on 
part of the outer yokes f6, and 7, respectively, 
and are energized by a variable source of direct 
current. Figure 10 shows how a single coil 4 
may be wound on the inner core of the system 
illustrated in Fig. 5. 
Any of the lens Systems described in the pre 

ceding paragraphs may be used in any device in 
which it is desired to focus a moving stream of 
electrons. They have particular application in 
electron microScopes and diffraction cameras. 
An example of a typical use is shown diagram 
matically in Fig. 11. This figure shows the prin 
cipal elements of an electron microscope including 
a source of emitted electrons 42 which may be a 
specially constructed cathode, an aperture 43, a 
specimen or object 44 to be examined, a lens sys 
tem. 45, a fluorescent screen 46 and an enclosing 
evacuated chamber 47 having a viewing window 
48. The cathode emits a stream of electrons 
which strike the specimen and at any point be 
ing examined these electrons diffuse in a regular 
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pattern. This diffused stream pattern then en- . 
ters the magnetic lens system where the electron 
rays are focused by the objective lens O', then 
focussed again by the projection lens P' after 
which they are caused to travel to the screen 
46. On the screen, there is projected a highly 
magnified image of the part of the specimen un 
der observation. The observer views this image 
from the opposite side of the screen by looking 
through the viewing window. 

Electromagnets may be substituted for the per 
manent magnets in all of the modifications which 5 

6 
have been described. On soft iron cores...of suit 
able size, Coils are Wound and each coil is ener 
gized so as to give...it the same polarity as it 
would have had had the magnet been a per 
manent one. r 
There has thus been described an improve 

electron lens system having, fundamentally, two 
gaps, one of which is energized by means of flux 

: conducted to the gap through a shielding struc 
...ture. Thus the magnetically permeable material 
which acts as the shield also adds to the strength 
of the lens because of the manner in which it is 
"used. The magnets may be either of the per 
manent or electro type and electrical focusing 
means may be included in the system. 

I claim as my invention: 
.1. An electron lens system comprising magnetic 

means having associated therewith and connected 
thereto structure constituted of a plurality of 
members of magnetically permeable material hav 
ing low retentivity, at least two relatively narrow 
flux gapSWithin Said lens System, said different 
members of said permeable structure...being.con 
(nected to opposite poles of Said magnetic means 
and serving as part of the magnetic circuits 
through the flux gaps, and at least one of the 
members of said permeable structure surrounding 
said magnetic means and serving as a shield for 
the lens system. 
2. An electron lens System comprising relative 

ly strongly magnetized magnetic means having at 
least two flux gaps associated therewith, and 
Shielding means surrounding said magnetic 
means, said shielding means being constituted of 
magnetically permeable material With low reten 
tivity...connected to one pole of said magnetic 
...means and shaped. Such that . One of Said gaps 
is energized by magnetic flux conducted from 
said magnetic means and traversing said shield 
ing means. 

3. An electron lens system comprising relatively 
strongly magnetized magnetic means having asso 
..ciated therewith and connected thereto structure 
constituted of magnetically permeable material 
having low retentivity, said structure forming at 
least two flux gaps energized by said magnetic 
means, and shielding means Surrounding said 
magnetic means and forming part of Said mag 
netically permeable structure shaped such that at 
least one of said gaps is energized by magnetic 
flux conducted from said magnetic means and 
traversing said shielding means. 

4. In an apparatus including means for focus 
ing a beam of electrons, an electron lens system 
comprising a permanent magnet system having 
its components Spaced around a portion of the 
path of said beam, and having at least two flux 
gaps, magnetically permeable shielding means 
connected to and Surrounding Said magnetic 
components, said shielding means forming at 
least part of the path by means of which at least 
part of the external flux of said magnet com 
ponents is led to said flux gaps. 

5. In an apparatus for focusing a beam of 
emitted electrons, an electron lens System com 
prising a permanent magnet System having mag 
netic means with its direction of magnetization 
substantially parallel to the axis of the lens sys 
tem, and with its component parts arranged 
axially about said electron beam, said magnet 
System having an inner and an outer flux path 
and having two gaps provided by attached pole 
pieces, one of Said gaps being energized by flux 
traversing said inner path and the other of said 
gaps being energized by flux traversing said outer 
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path with at least one of said gaps being posi 
tioned so that its field exerts a focusing effect 
on the electrons in said beam. 

6. An electron lens System comprising a hollow 
tubular permanent magnet having bases as poles. 

: and having an inner and an outer flux path, 
said magnet having two gaps provided by at 
tached pole pieces shaped such that one of said 
gaps is energized by flux traversing said inner 
path while the other of said gaps is energized 
by flux traversing said outer path. 

7. An electron lens system comprising a hollow 
... tubular permanent magnet having bases as poles 
and having an inner and outer flux path, said 
magnet having two gaps provided by Separate 
magneticaliy permeable structures attached to 
opposite poles of Said magnet, the first of said 
structures Serving as a path for Said inner flux 
and the second of said structures Serving as a 
path for said outer flux, whereby the first of 
said gaps is energized by the flux traversing Said 
inner path and the second of said gaps is ener 
gized by the flux traversing said Otter path. 

8. An electron lens System comprising a hol 
low tubular permanent magnet having bases as 
poles, an inner concentric shell of magnetically 

- permeable material attached to One of Said poies 
and forming a flux gap adjacent the other of Said 
poles, and an outer concentric shell of magneti 
cally permeable material attached to said Sec- : 
ond mentioned pole and forming a flux gap ad 
jacent said first mentioned pole. 

9. In an apparatus for forming a beam of 
emitted electrons, an electron lens System con 
prising a hollow tubular magnet having bases : 
as poles and having an inner and an Outer flux 
path, said magnet having two gaps provided by 
separate magnetically permeable members at 
tached to opposite poles of said magnets, one of 
said members serving as the path of Said inner 
flux and the other of Said memberS Serving as 

... the path of said outer flux, whereby the first of 
said gaps is energized by the flux traversing Said 
inner path and the second of Said gaps is en 

8 
ergized by the flux traversing said outer path 
and at least one of said gaps being positioned 

3. So that its field influences the direction of travel 
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of the electrons in said beam. 
10. In apparatus for focusing a beam of 

emitted electrons, an electron lens system com 
prising a magnetic system having its component 
magnets arranged axially around a portion of 
the path of Said beam, separate magnetically 
permeable means connected to the opposite poles 
of Said component magnets for conducting sub 
stantially all of the external flux to flux gaps 
positioned at predetermined points, said gaps 
being So placed that at least one of them in 

5 fluences the direction of travel of the electrons 
in said beam. 

11. An electron lens System comprising mag 
netic means having its direction of magnetiza 
tion perpendicular to the lens axis, at least two 
flux gaps within said lens system, separate mag 
netically permeable members of CW retentivity 
connected to opposite poles of said magnetic 

I means and serving as part of the magnetic cir 
cuits through the flux gaps. 

40 

12. An electron lens System comprising mag 
netic means, at least two flux gapS Within said 
lens System, Separate members constituted of 
magnetically permeable material having low 
retentivity connected to opposite poles of said 
magnetic means and Serving as part of the mag 
netic circuits through the flux gaps, and elec 
tromagnetic means for controlling the focusing 
of the lenses in said System. 

JOHN H. REISNER. 
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