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in electron microscopes and similar apparatus which 
project images of an object arranged in a beam of elec 
tric charge carriers it is known to reduce an image defect 
caused by the electron lenses by the addition of astig 
matism the value and direction of which may be ad 
justed. Use is made of a regulating device and the de 
sired correcting ?elds are produced by supplying elec 
tric voltages or currents to a system of auxiliary elec 
trodes or magnetic poles disposed symmetrically about 
the beam axis. Such a system comprising electric and/or 
magnetic poles of equal strength and opposite sign is 
added to at least one of the electron lenses. It is referred 
to as a “stigmator”. 
The systems most commonly used comprise eight cor 

recting elements of which opposite elements have equal 
polarity while elements disposed at angles of 90° relative 
to one another have opposite polarity. The value of the 
astigmatism added to the electron lens by the system is 
controlled by variation of all pole strengths in the same 
sense While the direction of the astigmatism is adjusted by 
varying the pole strengths of adjacent poles in opposite 
senses. A suitable regulating device hence preferably has 
an adjusting knob for the value and an adjusting knob 
for the direction of the correcting field which are sep 
arately operated. To adjust the correcting system to pro 
vide optimum effect, in an electrostatic stigmator the 
voltages set up at adjacent electrodes are varied in 0p 
posite senses (so that the astigmatism caused by the stig 
mator rotates) until the residual astigmatism is a mini 
mum. In this case the directions of the added astig 
matism and of the astigmatism caused by the image defect 
are the same. By proportional variation of the voltages 
set up at all electrodes the astigmatism may then be com 
pletely eliminated. . 

A known regulating device for this purpose comprises 
?xed resistors and variable resistors constituting bridge 
circuits to which an adjustable direct voltage is applied. 
The values of the resistors are chosen so that by simul 
taneous variation of the adjustment of the variable resis 
tors the voltages set up between the regulating members 
and the ends of the said resistors are varied in a pre 
determined manner. 
Such a variation has also been produced by converting 

the rotary motion of an adjusting knob into translatory 
motion of the control members of two potentiometers. 
In this case, only two variable voltages are produced, 
while for a system of eight correcting elements at least 
four voltages are requ'ed. This means that for con 
trolling the direction of the correcting astigmatism two 
coupled regulating members are required. 
Another known regulating device comprises a rotary 

switch the number of moving parts of which is equal 
to the number of electrode pairs of the stigmator to which 
they are connected. The switch contacts are connected 
to tappings on a resistor. A controllable direct voltage 
is applied to the resistor. For a reasonably accurate 
adjustment the voltage steps should not be excessive and 
hence a large number of contacts are required in the 
switch. This gives rise to di?'iculty in mounting the re 
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quired number of tappings on the resistor. It is true 
that the required number of tappings is only one half 
of the number of contacts of the switch, however, in 
oruer to enable optimum voltage distribution to be ob 
tained along the circumference of the switch the required 
number of tappings is still fairly large. 
The invention relates to a device for controlling the 

voltages for the elements of an electrostatic correcting 
system enabling any desired voltage distribution and a 
continuously variable adjustment of the stigmator to be 
obtained. According to the invention the device includes 
a regulating resistor comprising a number of equal resist 
ance elements connected to an adjustable direct voltage, 
each element comprising a layer of resistance material 
provided on an insulating support, the cross-sectional area 
of the resistance material gradually decreasing to a ‘mini 
mum between the terminals so that the resistance meas 
ured between one of the terminals and a point moving 
from one terminal to the other varies according to a 
nonlinear function from the beginning. 

Sliding contacts are provided between adjacent ter 
minals. They are mutually shifted through one half of 
the length of a resistance element and adapted to be 
moved simultaneously over contact areas of the resistance 
elements. Each sliding contact is separately connected 
to at least one electrode of the correcting system. The 
resistance elements form' a single continuous member. 
In each section the potential gradient is opposite to that 
in the adjacent section. 
The combined elements may be united to form a rec 

tilinear structure. However, it is in better agreement 
with the purpose of the voltage regulation, which is to 
change the direction of rotation of the added astigma 
tism, to use a rotary control member than to use a 
translatory member, and therefore it is of advantage for 
the contact area to be circular and for the resistance layer 
to extend along this area as a circularly curved strip of 
varying width. This strip may be bounded at the inner 
or outer side by a circle concentric with the contact area 
or it may vary in width on both sides of the contact area. 

in known devices comprising a rotary regulating mem 
ber the required agreement between the angle of rota 
tion of said member and the direction of the added astig 
matism is obtained by sinusoidal variation of the voltages . 
set up at the correcting elements with the angle of rota 
tion. An exact consideration of the ?eld-strengths oc 
curring in the usual stigmators when such voltage varia 
tion is applied snows that on variation of the direction 
of the added astigmatism its value also varies in inverse 
proportion to the number of stigmator poles. This ob 
viously is a disadvantage. if the resistance elements de 
scribed herein eforc are used this disadvantage may be 
obviated in a simple manner. 
The pattern of the resistance elements may without 

dil‘rlculty be chosen so that the voltages taken from the 
contact area and applied to the stigmator poles vary 
sinusoidally on displacement of the slide contacts. How 
ever, the voltage values obtained when the adjusting ‘knob 
is positioned between zero and the positive and negative 
maximum values are too high. By removing a small 
amount of the resistance material the values of the volt 
ages derived at the intermediate positions may be varied 
and given the correct value for each position of the ad 
justing knob. 

In order that the invention may readily be carried 
into effect, embodiments thereof will now be described, 
by way of example, with reference to the accompanying 
diagrammatic drawings, in which ' 
FEGURE 1 shows a linear embodiment and 
FIGURE 2 shows a rotary controller, While 
FIGURE 3 is a longitudinal sectional view of an elec 

tron microscope. 
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FIGURE 4 shows a rotary controller to be used in 
combination therewith. 
The circuit arrangement for the production of the con 

trol voltage is provided with terminals 1 and 2 adapted 
to be connected to a direct-voltage source. The terminals 
are shunted by a resistor 3 the center 4 of which is con 
nected to earth. The positive and negative terminals of 
the current supply source consequently are symmetrical 
with respect to earth. 

Between the positive terminal 1 and the earthed point 
4 and between the negative terminal 2 and said point 4 two 
potentiometers 5 and 6 are connected. The control volt 
age is derived with the aid of sliders 7 and 8 which are 
coupled to one another. The sliders move simultaneously 
and the resistors 5 and 6 are connected so that by moving 
the sliders 7 and 8 in one direction the voltage derived 
is increased while by moving them in the other direction 
it is decreased. This voltage is adjustable between a 
maximum value and zero. 
The stigmator is shown schematically by eight elec 

trodes 9 and 16. Opposite electrodes 9-13, lit-14, 11-15 
and 12-16 are electrically connected to one another. The 
electrode pairs 9-13 and 11-15 form a four-terminal net 
work and the electrode pairs 19-14 and 12-16 form an 
other four-terminal network. 
The regulating member for the electrode voltages com— 

prises resistance elements 17, 18 and 19. Although said 
elements are shown separately they form a continuous 
surface of resistance material applied to an insulating sup 
port. In the ?gure lines dividing the elements indicate 
terminals 29, 21, 22 and 23 to which the voltage is ap 
plied. The voltage may be applied to metal strips ex 
tending throughout the height of the resistance layer. 
The voltage required is taken from the sliders 7 and 8 of 
the potentiometers 5 and 6 of which the slider 7 is elec 
trically connected to the terminals 29 and 22 and the 
slider 8 is elecrically connected to the terminals 21 and 23 
so that when the resistance layer is scanned from one end 
to the other alternately a positive and a negative potential 
exists. Four contacts 24, 25, 26 and 27 are adapted to be 
moved over a contact area 2.8. They move simultane 
ously and their mutual spacings remain constant. Each 
contact is spaced from the nearest contact by one half 
of the length of the resistance element. This arrange 
ment supplies the voltages required for a correcting system 
comprising eight electrodes. Any other even number of 
electrodes involves a modi?cation of the arrangement. 
The resistance elements are bounded on one side by a 

straight edge 29 and on the opposite side by a curved edge 
30 of suitably chosen curvature, the thicknes of the layer 
of resistance material being assumed to be constant. The 
resistance material may substantially consist of carbon to 
which substances may be added to provide the required 
coherence of the carbon particles. Compositions suitable 
for manufacturing resistance layers are commonly known. 
One may start from a sinusoidal variation of the voltage 

along the contact area, since for this variation the resist 
ance pattern may readily be determined. The voltages 
derived by the contacts and supplied to the electrodes of 
the correcting system produce the electric correcting ?eld 
for the stigmator but the strength of this ?eld does not 
remain constant on movement of the contacts. To obtain 
a constant ?eld strength the curved shape of the boundary 
of the resistance elements has to be slightly altered, for 
example to the form indicated by a broken line 31. This 
operation is simply obtainable by removal of a small 
amount of resistance material, the correct shape being 
most readily found empirically. 
The entire resistance layer comprises a number of equal 

portions enabling the voltage of each pair of electrodes to 
be varied between positive and negative values. In the 
embodiment shown in FIGURE 1 three elements are re 
quire-d for this purpose. 

In the rotary regulating device shown in FIGURE 2 
two elements are sutlicient. The two resistance elements 
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32 and 33 are curved into the form of semi-circles and 
engage one another at the ends. Terminals 34 and 35 are 
provided at the junctions. The arrangement for adjusting 
the voltage is the same as that shown in FIGURE 1. The 
resistance layer is provided on an insulating plate 36 
which also supports a vertical pin 37 provided with a 
knob 38. The pin 37 is made of insulating material and 
has four contact springs 3?, 4t), 41 and 42. attached to it 
and which consequently are insulated from one another. 
The free ends of these springs slide over the resistance 
layer and are connected each to a current conductor 43, 
44, 45 and 4-6 respectively connected to electrodes 9 to ‘16 
respectively of the correcting system. Similarly to the 
arrangement shown in FIGURE 1 each conductor is con 
nected to a pair of opposite electrodes. The four-terminal 
network comprising the electrodes 9, 13 and 11, 15 has no 
voltage applied to it with the adjustment shown while the 
full voltage is applied to the electrodes 10, 14 and 11, 16 
of the second tour-terminal network. 
FIGURE 3 is a longitudinal sectional view of an elec 

tron microscope provided with a device in accordance 
with the invention. 
The outer wall of this microscope is a steel tube 47 

the upper end of which encloses an electrode system 48 
serving for the production of the electron beam which 
extends along the axis of the tube 47 through the entire 
microscope. The microscope has three magnetic lenses: 
a condenser 49, an objective 56 and a projection lens 51. 
The design and operation of these lenses are assumed 
to be known. At its lower end the tube is provided with 
a glass window 65 coated with a layer 66 of ?uorescent 
material. 
A system of correcting electrodes 52 serving to elimi 

nate the astigmatism of the objective as far as possible 
' is interposed between the objective 5i} and the projection 

lens 51. 
To enable voltages to be set up between the various 

electrodes of the correcting system 52- they are provided 
with electric leads passing through the wall 47 in an in 
sulating manner. For the sake of clarity the connec 
tions are separately shown externally of the tube. 
The arrangement as shown in FIG. 4 for regulating 

the electrode voltages is more elaborate than in the pre 
ceding examples. The controller comprises four resis 
tance elements 53, 54, 55 and 56 and the spindle corre 
sponding to that of FIGURE 2 has eight sliding contacts. 
Each sliding contact is connected to an electrode of the 
correcting system, opposite electrodes being connected to 
alined contacts which in principle have equal potentials. 
In the embodiment shown, however, one may depart from 
this principle in order to provide a correcting system also 
enabling symmetry deviations to be eliminated. If the 
stigmator electrodes are not accurately centered about the 
optical axis the entire image is laterally displaced and 
on variation of the adjustment of the stigmator the image 
on the ?uorescent screen is shifted. 
The arrangement of FIG. 4 has four voltage supply 

terminals 57, 58, 59 and 60 which are displaced 90° with 
respect to each other along the circumference. Between 
the two opposed terminals 57 and 59 the resistance ele 
ment of a potentiometer 61 and between two other ter 
minals 58 and 60 the resistance element of a potentiom 
eter 62 is connected. The potentials of opposite ter 
minals may be mutually varied so that voltage diiier 
ences result which produce a transverse ?eld between op 
posite stigmator electrodes which solely de?ects the elec 
tron beam. Adjustment is eifected with the aid of poten 
tiometer 61 and 62 by displacement of the sliders 63 and 
64 which are connected to the sliders 7 and S of the poten 
tiometers 5 and 6. The value of the applied voltage is 
adjustable in the manner described hereinbefore with the 
aid of potentiometers 5 and 6. The tapping 4 on the 
resistor 3 may also be adapted to be displaced for cor 
rection purposes. 
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What is claimed is: 
1. A regulating device for correcting an astigmatic elec 

tron optical system in an electron beam focusing appara 
tus in which charge carriers are accelerated with the aid 
of an electrostatic stigmator having a plurality of elec 
trodes, the value and the direction of the additional 
astigmatism required for the correction of the image de 
fect of the electron-optical system being separately ad 
justed by variable resistors, said device comprising a con 
trol resistor connected to a source of adjustable voltage 
through terminals and further comprising a plurality of 
equal resistance elements each consisting of a layer of 
resistance material on an insulated support, the cross 
sectional area of each layer gradually decreasing to a 
minimum between the voltage terminals so that the re 
sistance measured between one of the terminals and a 
point moving from one terminal to the other varies ac 
cording to a non-linear function from the beginning, slid 
ing contacts simultaneously movable over a contact area 
on the resistance elements between adjacent terminals, said 
contacts being spaced from one another by one half of 
the length of a resistance element and being connected 
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each to at least one electrode of the correcting system, 
the resistance elements constituting a continuous member, 
the potential gradient in each section being opposite'to 
the potential gradient in the adjoining sections. 

2. An arrangement as ‘claimed in claim 1, ‘in which 
the contact surface forms at least part of a circle at the 
centre of which is disposed a rotary spindle to which the 
sliding contacts are attached so as to be insulated from 
one another. 

3. An arrangement as claimed in claim 1 in which 
the number of sliding contacts is equal to that of the elec 
trodes of the correcting system. 

References Cited by the Examiner 

UNITED STATES PATENTS 

1,826,673 10/31 Raus _______________ __ 338—-89 

2,432,029 12/47 Manildi _____________ __ 338——89 

2,547,994 4/51 Bertein _____________ __ 25 9-495 

2,580,675 1/52 Grivit et al __________ __ 250—49.5 
2,919,381 12/59 Glaser _____________ __ 250 49.5 

RALPH G. NELSON, Primary Examiner. 


