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[5 7 ] ABSTRACT 
An improved setting device for providing accurately 
reproducible, incrementally variable control voltages 
to the input of a control and regulating circuit for ad 
justing electromagnetic coil current in magnifying 
lenses of electron microscopes. The setting device in 
cludes a digital counter, preferably a forward 
backward counter, connected to the input of the con 
trol circuit through a digital-to-analog converter. A 
digital-to-digital converter, programmed with a series 
of predetermined control settings, is connected be 
tween the output of the digital counter and the input to 
the digital-to~analgo converter to serve as a read-only 
memory for supplying a programmed magni?cation 
setting in response to address signals from the counter. 
A pulse source, preferably pushbutton-controlled, pro 
vides stepping pulses for adjusting the output voltage of 
the setting device to achieve desired values of magni? 
cation as indicated by a numeric display device con 
nected to the output of the digital counter. 

7 Claims, 1 Drawing Figure 
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ARRANGEMENT FOR THE MAGNIFICATION 
ADJUSTMENT OF AN ELECTRON MICROSCOPE 

BACKGROUND OF THE INVENTION 

This invention relates to systems for controlling elec 
tric current, and more particularly to systems for step 
wise adjustment of current ?owing through electro 
magnetic coils for in?uencing beams of charges parti 
cles. 
There is a large class of apparatus, including electron 

microscopes, ion microscopes, X-ray microscopes, dif 
fraction equipment, devices for machining by streams 
of charged particles, cathode-ray Oscilloscopes, and so 
forth, in which the magnetic ?elds of electromagnetic 
coils are used to in?uence beams of charged particles. 
With particular reference to electron microscopes, 

several electromagnetic coils, forming so-called elec 
tromagnetic lenses, may be used to provide the desired 
magni?cation and focusing. In a typical electron micro 
scope, for example, there may be a condenser lens, a 
diffraction lens, an intermediate lens, and an objective 
lens. The first three lenses primarily in?uence the mag 
ni?cation of the microscope, while the objective lens 
controls the focus. 
Because it is usually necessary to operate the micro 

scope over a range of magni?cation values and focus 
lengths, depending on the specimen being investigated, 
each electromagnetic lens is provided with a control 
circuit for adjusting the coil current. A conventional 
setting device for providing variable control voltages to 
the input of such a control consists of merely a potenti 
ometer, either continuously variable or preferably vari 
able in steps by means of a multi-position selector 
switch. 

It is customary also to provide regulating circuits for 
each lens coil in the electron microscope. A proposed 
circuit that combines the above described control and 
regulating functions includes a power ampli?er with its 
input connected to the output of a differential ampli?er 
having two inputs, one for a control voltage and the 
other for a stable reference voltage. The output of the 
power ampli?er is connected in series with the electro 
magnetic lens coil and a measuring resistor across a 
current source. Current regulation is obtained by in 
verse feedback from the measuring resistor to the con 
trol input of the differential ampli?er. Control voltages 
related to different coil currents are obtained from a 
setting device, such as the above mentioned multi 
position potentiometer, which is also connected to the 
input of the di?'erential ampli?er. 

It is possible to change the magni?cation of an image 
generated in an electron microscope having more than 
one lens in?uencing the magni?cation by adjusting the 
current in each lens individually and successively. This 
can be done by varying the setting voltage applied to 
each control and regulating circuit. 
Experience shows it is undesirable to adjust the mag 

ni?cation by operating each lens from the lowest to the 
highest excitation current before addressing the next 
lens in the same manner. This leads to distortion even 
at low magni?cation values. It is better to operate and 
control simultaneously all the lenses that are provided 
for the adjustment of the magni?cation. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a setting de 
vice capable of simultaneously adjusting the coil cur 
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2 
rents of a plurality of electromagnetic lenses according 
to individually programmed values for each lens. 
Another object of the invention is to provide a setting 

device having a numeric display, preferably indepen 
dently resettable, for indicating the value of the func 
tion being controlled. 
According to the invention, a setting device for a 

control and regulating circuit for the electromagnetic 
coil current of electron microscope lenses comprises a 
digital counter having an output connected to a digital 
to-analog converter for supplying a broad range of in 
cremental control voltages to the control input of the 
control and regulating circuit in response to stepping 
pulses applied to the input of the counter. Preferably 
the digital counter is a forward-backward counter to 
facilitate either positive or negative adjustment of the 
lens current. 
A digital-to-digital converter is connected between 

the output of the digital counter and the input to the 
digital-to-analog converter. This device is particularly 
useful with a control and regulating circuit for adjusting 
coil current in lenses that determine the magni?cation 
of an electron microscope, such as the condenser, dif 
fraction,’ and intermediate lenses described earlier. 
The digital-to-digital converter acts as a read-only 

memory and can be programmed with predetermined 
setting values for a desired number of magni?cation 
powers. The output of the digital counter corresponds 
to an address for one of the setting values, which is then 
fed to the digital-to-analog converter. In this way, set 
ting values for the lens control circuit, which may vary 
substantially from one magni?cation power to the next, 
can be easily and rapidly selected by using only a rela 
tively small number of steps from the digital counter. 
Another advantage of using the digital-to-digital con 

verter between the counter and the digital-toanalog 
converter is that more than one lens current can be set 
simultaneously by operation of a single digital counter, 
even if the adjustment value for one of the lenses is dif 
ferent than for another. For example, if the electron 
microscope has three lenses that influence the magni? 
cation, adjusting one lens alone causes distortion, even 
at low magni?cation powers. It is much better to adjust 
all three lenses simultaneously. 
For such an arrangement, the output of the digital 

counter is connected to a separate digital-to-digital 
converter connected to a digital-to—analog converter 
for each lens. The individual digital-to-digital convert~ 
ers are programmed with the setting values for their re 
spective lenses that correspond to each magni?cation 
value called for by the digital counter. 
The digital-counter used to adjust the magni?cation 

of the electron microscope preferably is also con 
nected, through an additional digital~to-digital con 
verter to a setting device for the control circuit of the 
objective lens of the microscope so as simultaneously 
to adjust the magni?cation and‘ the focus. Altema 
tively, the additional digital~to-digital converter may be 
connected to means for driving the object stage or 
other specimen adjustment means to change the focus 
by moving the specimen instead of changing the objec 
tive lens current. 

In addition, the output digital counter used to adjust 
the magni?cation preferably is connected through still 
another digital-to-digital converter to a numeric display 
device in order to identify the magnification steps se 
lected in each case. The other additional digital-to 
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digital converter is programmed to convert the counter 
output to signals causing the numeric display to read 
out a number indicating the magni?cation or diffrac 
tion lengths. 

BRIEF DESCRIPTION OF THE DRAWING 

The FIGURE shows a block diagram of an arrange 
ment for the magni?cation adjustment of an electron 
microscope according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to the FIGURE, the magni?cation system 
of a typical electron microscope includes three electro 
magnetic lenses, Ll, L2, and L3. For example, Lil may 
be a condenser lens, L2 a diffraction lens, and L3 an 
intermediate lens. The current through each of the 
lenses is adjusted by means of identical control circuits 
S1, S2, and S3. Each control circuit comprises a power 
ampli?er L preceded by a differential ampli?er D. 
Each lens L1 through L3 is connected in the output cir 
cuit of its corresponding power ampli?er L in series 
with a measuring resistor M. An inverse feedback loop 
from each measuring resistor M transmits a regulating 
voltage proportional to the currents through lenses L1, 
L2, and L3 to the inputs Ell, E2, and E3 of the control 
circuits S1, S2, and S3, respectively. Also connected to 
the inputs E1 through E3 is a setting device according 
to the present invention. 
The setting device includes a digital counter 1, which 

is designed as a forward-backward counter. Stepping 
pulses are fed to the forward counting input 2 and 
backward counting input 3 of digital counter 1 via lines 
4 and 5. The stepping pulses are controlled by means 
of keys 6, 7 of a control panel 8. In the embodiment ex 
ample shown, the counter 1 has ?ve stages and can 
therefore be switched in 25 = 32 steps. 
The outputs 9 to 13 of the digital counter l are con 

nected to digital-to-digital converters M, 15, 16, which 
act as read-only memories. In these digital-to-digital 
converters, individual current control programs associ 
ated with the lenses L1 to L3 are set. At the outputs of 
the digital-to-cligital converters 14 to 16, digital signals 
according to the correspondingly set step of the 
counter are available. These are converted into analog 
voltage values via the succeeding digital-to-analog con 
verters 17, 18 and 19. The output 20 of the digital-to 
analog converter 17 is connected to the input E1, the 
output 21 of the digital-to-analog converter 18 to the 
input E2, and the output 22 of'the digital-to-analog 
converter 19 to the input E3. . 

If the counter 1 is driven by individual pulses, a def‘ 
nite current value, speci?c for each step of the counter 
l, is thus fed to each lens L1 through L3 which can be 
matched optimally to the characteristics of all lenses 
with a view to most distortion-free imaging. 
A digital-to-digital converter 23 is also connected 

with the digital counter I. It serves as a read-only mem 
ory and controls a numerical indicating device 24. Digi 
tal-to-digital converter 23 contains in digital form the 
summed program of the digital-to-digital converters 14 
to 16 with regard to the magni?cation of the micro 
scope and controls the indicating device 24, which 
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4 
preferably shows numerals which indicate the magni? 
cation or diffraction lengths. 

Digital-to-digital converter 23, or alternatively an ad 
ditional read-only memory (not shown) also provides 
digital signals at its output for controlling the adjust 
ment sensitivity of those parts of the microscope which 
determine the focusing current or adjust the position of 
the object. In the ?rst case the output signal affects the 
focusing current of the objective lens, while in the sec 
ond case the output signal acts on the drive of an object 
stage or of other specimen-adjustment means. 
Through the application of the invention it is possible 

to simplify the operation of an electron microscope, 
while at the same time increasing the reproducibility of 
the adjustable magni?cation. Furthermore, an indicat 
ing device calibrated in di?'raction lengths can be pro 
vided, which opens up the possibility, advantageous in 
may cases, of carrying out measurements on the speci 
men placed in the electron microscope. 
We claim: 
1. An arrangement for adjusting the magni?cation of 

an electron microscope having electromagnetic lenses 
which influence the electron beam, the excitation cur 
rent through said lenses being controlled by a control 
and regulating circuit with an input connected to the 
output of a setting device for supplying control voltages 
for adjusting the lens current, wherein the setting de 
vice comprises: 

a. a digital counter having an input and an output for 
supplying a digital signal equal to the count of step 
ping pulses fed to the input; 

b. a digital-to-digital converter acting as a read-only 
memory having an input connected to the output 
of the digital counter; and 

c. a digital-to-analog converter having an input con 
nected to the output of the digital-to-digital con 
verter and an output connected to the input of the 
control and regulating circuit for one of said lenses. 

2. The arrangement of claim I wherein the digital 
counter comprises a forward-backward counter. 

3. The arrangement of claim I further comprising 
key-operated means for controlling the stepping pulses 
fed to the input of the digital counter. 

4. The varrangement of claim 3 wherein the key 
means controls the stepping pulses one-by-one. 

5. The arrangement of claim 1 further comprising: 
a. second digital-to-digital converter acting as a read 

‘ only memory and connected to the output of the 
digital counter; and _ , - 

b.‘anlindicating device connected to the output of the 
second digital-to-dig'ital converter. > 

6. The arrangement of claim 5 wherein the indicating 
device comprises numerals indicating the magni?ca 
tion or diffraction lengths. 

7. The arrangement of claim 1 further comprising: 
a. at least one additional digital-to-digital converter 
acting as a read-only memory connected to the out 
put of the digital counter; and 

b. a digital-to-analog converter connected between 
each additional digital-to-digital converter and the 
input to the control and regulating circuit for at 
least one other of said lenses. 


