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Coma and anticoma of deflecting-focusing unit 
in scanning microscope

Deflection coma and anticoma in the scanning microscope has been discussed. The influence of saddle dimensions of the deflec
ting coils as well as the sizes of the deflecting-focusing unit have been take into consideration. The results obtained have been veri
fied experimentally.

1. Introduction

The deflection coma and anticoma of a deflecting- 
-focusing units [1] are introduced by a deflecting 
doublet (DD) and the end lens. Deviation Ax, Ay 
evoked by deflection coma and anticoma depends 
upon the deflection y^, y , of the beam in DD [1], 
the aperture angle w, and the deflection errors in 
the deflecting units.

The coefficients o f deflection coma and anticoma 
of DD (for identical vertical and horizontal coils) 
have the form [2]:

[0020L =  ^ . y , ,  [0020], -  ^ y , ,

Af3 Af3
[0002], =  —  Ay,, [0002L =  ^  ey„ ( 1)

[0011L =  Wj" [0011], =

where
Af — linear magnification of the lens,
Z =  z, — length o f the region restricted by 

the aperture plane and the image Gaussian plane, 
y^, y , — ideal deflection o f the electron beam in 

DD.
The coefficients A, e, and ?? in the formulae (1) 

depend upon the magnetic field shape in the deflec
ting coils DD:

7 =  §/!i +  6 ,

77 =  ? P i-P 2 + 2 8 . (2)

The coefficient A, is connected with linear proper
ties of the deflecting-focusing unit [2]:

%i = ^ 2- L - r ( p i - L i ) ,

the significance of the symbols Z, , Z  ̂ and 
being explained in fig. 1 [1]. The constant g  in the for
mula (2) depends upon the properties o f the deflecting

Fig. t. The Helds distribution along the electronooptica! axis 
z, — deflecting Held strengths in the Hrst and second

deHecting unit, Bo — magnetic induction in the lens

field in DD coils. The deflecting field, e.g. a horizontal 
one, for the deflecting coils adjacent to the magnetic 
coat of the lens is [3]:

ZZo(z) =  AZcos6<e(z),

AA^z) =  AZ[cos<9/'(z) I- cos30g(z)],

where

e(z) =

A/ Az
oo sin — cos —  

A? A!

(*)
dA,

^  2yr^3 f
A/ Az

A^sin — cos —  
A! A?

(k )

A/ Az
oo A3 sin— cos —  

A? A?
=  --------A (A)

^A, (3)

¿A.
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AVA — number of ampertums in deflecting coils, 
2/ — length of the deflecting unit,

69



A. Romanowski Cc/Ma 6t/M? a/!//co7na . . .

D =  27? — diameter o f the aperture in the end 
lens coat.

In this case the constant g :

g  =  r +  4 ( 4  +  3<Z^)i)
1 0̂

X

X
^ ' 4 /-(2)

- / l , ( J ^ + 3 < z ^ ) ^ - - z ! , ( z l ^  +

+  3 < z^ ,) . < ^ 0 3 (4)

depends upon the zero and second moment o f the 
function e*4(z)y(')(2^g(')(z) and upon the held 
angle 0 ,(: =  1,2) of the dehecting coils (hg. 2).

o o

== 2 J* g'''(z)t7z,

f '<z^, =  2 j  ẑ  
0

r'/  a-

/<"(z)t7z

g<' (̂z)ifz

0 , =  4cos^O,—3.

( 3)

The quality zl,(: =  1,2) used in eqs. (4) and (5) 
denotes the width o f the dehecting held in the hrst or 
second dehecting system (comp. hg. 1). In our conside-

is 20 times smaller than the maximal value o f the func
tion e(')(z),

4

where e** denotes the reverse function to e(z). Also 
half-width o f the magnetic induction 7?„ in the lens 
has been assumed to be small as compared to the dehec
ting held widths 4  and 4 .  The zero and second 
moments o f the functions c(z), /(z), and g(z) have 
been determined from the formulae (3) and (5) for 
the dehecting coils o f  lengths 2/ =  20, 25, 30, 35 and 
40 mm given in table 1.

The condition o f the proper action o f DD has 
the form [1]:

a cos <4 ^  4
— =  n ---- - — -n r . " =  — -
A c o s4  4  4

(6)

where:
4  — winding number in the coils of the hrst 

dehecting unit,
4  *" winding number in the coils o f the second 

dehecting unit,
4 , 4  -* held angles o f the hrst and second 

dehecting units (see hg. 2).
While the following approximate relation holds 
(comp. hg. 1):

4 , ^ —̂ <2—4 -  (7)

The semiaxes of the shifted coma and anticoma 
ellipse of DD depend upon the aperture angle w, 
linear magnihcation Af of the lens and the distance 7?, 
of the Gaussian image of a point from the elec
tronooptic axis in the working plane, the length 
L of the deflecting doublet D D  and the coefficients 
2, e, and ?? [2]:

— the long semiaxis

Fig. 2. Horizontal deflection unit 7?, 1 4 1 A 7 4 4

rations the width of the dehecting held /1,- has been 
assumed to be equal to ordinate for which the abscissa

— the short semiaxis

7?, 141 M 4 4

Table 1

The values of zero and second order moments for the functions c(z), /(z) and g(z)

/[m] o.ot 0.0125 0.015 0.0175 0.02
¿1 [m] 0.04 0.042 0.043 0.045 0.0465
-Co 0.8486 1.0605 1.2723 1.4837 1.6949
- f .  - 10' 0.0258 0.0368 0.0515 0.0712 0.0977
-g o  -10' 60.2567 75.3152 90.3695 105.4184 120.4603
<z?> - tO-' 7.7531 6.7322 5.7160 4.7526 3.8791
<zf> - 10-* 2.0402 2.2156 2.4299 2.6830 2.9746
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— the distance of the ellipse centre from the ideal 
imaging

The coelhcients derived below are called the coma 
parameters:

— parameter ^  (connected with the long semia
xis)

(8a)

xis)
parameter A2 (connected with the short semia-

2A ^  A '
(8b)

— parameter of asymmetry A3

A
2A + A '

(8c)

The influence o f the held angle o f the deflecting 
coils on the parameters A*,, and A3 are discussed 
in section 2. In the following section the influence of 
the deflecting-focusing unit sizes (section 3), and that 
of deflecting coils length (section 4) has been examined. 
The qualitative verification o f the results obtained 
has been given in section 5.

2. The influence of the field angle 
0  of deflecting coils

on the deflection coma and anticoma of DD

It has been assumed that deflecting coils DD have 
equal dimensions, i.e.

/l =  /3 =  I, =  02 "

and also that the lengths A t, A2 for both the deflecting 
units are the least, i.e.

A, =  2J , ,  i ,2 =  22)2

(comp. fig. 1 and [2]).
Five variants o f the deflecting coils of lengths 

amounting to 20, 25, 30, 35 and 40 mm have been 
discussed. On the basis o f relations (4) and (8) and 
the table 1 the parameters A  ̂ and A3 may be repre
sented in the form

A2 3 =  ŷ 2 3COS^02,3"t"^2,3!

where the constants i?2, A3 and ^ 2. ^3 depend upon 
the functions <?(z), /(z )  and g(z). Hence, the field 
angle 6?2 3 of the coils, for which the parameters A2

and A3 disappear, amounts to

The values of angles 0 *  for the variants mentioned 
above are presented in table 2, whereas, the graphs o f

Tabfe 2

The vaiues of the angfe <9* for which A2 =  A3 =  0

Variant
number

e*

1 29.92° 29.97°
2 29.93° 29.98°
3 29.94° 29.98°
4 29.93° 29.99°
5 29.94° 29.99°

parameters A2 and A3 for variants 1, 2 and 3 are given 
in fig. 3, as functions of the angle 0 . The graphs o f  
parameters for the other variants (2,4) are positioned 
between the curves for variants 1 and 5. From fig. 3

Fig. 3. The parameters A, and A3 as a function of the angle O. 
a) Ai versus O, b) A3 versus O

and the analysis carried out it may be concluded 
that:

— the parameters A2 and A3 are the least for 
an angle 0  ^  30° (comp, table 2).

— the increase o f angle 0  causes quick increase 
of coma asymmetry parameter A3 and parameter A2,

— the increase of deflecting coils length 2/ for an 
angle 0  different from 30° causes an increment of 
parameters A2 and A3,

— the parameter Ai does not depend on the 
angle 0 .
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3. The influence of deflecting focusing unit 
sizes on the deflection coma and anticoma

The quantities a and h (comp. tig. 4) are determi
ned by the sizes o f the deflecting-focusing unit (aiong 
the efectronooptic axis z). It is convenient to intro
duce the quaiity x =  %—h, which defines the distance

1 / #
+  Z)?./f+3zj,<z3>,X

X -9 ij.
(ID

A"=  (¿li+3<z2>i)Zii =  <z;>,

r (2 )

%3 -  - 3/) i
0̂

F3

Fig. 4. The deHecting-focusing unit

between the deflecting units. When analysing the 
influence of a and x on the defection coma and antico
ma o f DD it has been assumed that the field angles 
of both deflecting units are always the same and 
amount to

0  =  30°.

This value o f 0  has been chose since then
— the parameters A  ̂ and A  ̂ are small, as it fol

lows from the analysis in section 2,
— the function # 2 (2) (comp. [3]) is similar to the 

curve (determined theoretically by KAASHOEK [4]) 
assuring the least errors o f the third order deflection 
o f the deflecting units.

By virtue o f the relation (8a) the parameter A  ̂ is 
proportional to the distance x between the deflecting 
units

Aft =  — . (10a)
a

The dependence connecting the parameters A  ̂
and A  ̂ with the variable x has the form

^2,3 =  ^ 2 ,3 ^  =  ?2,3^+^2,3X+^2,3 3 (10b)

where the constants / ? 2  3 * ? 2  3 .  ^2  3 and ^  3 are

i
¿>2 =  F3 =  -

L 4 "  '

?2

, ' / 9 , / f  i ,  , j

The graphs of parameters A  ̂ and A  ̂ as a function 
of x  for a =  150, 200, 258 and 300 mm are presented 
in fig. 5. The graphs shown have been determined for 
/, =  /̂  =  I, and for deflecting coils of lengths 20, 25, 
30, 35 and 40 mm. From fig. 5 it follows that:

— the increment o f length a o f the deHecting- 
-focusing unit causes a decrease o f A^, while the 
increase o f distance x between the deflecting units 
results in increment o f A^;

— the increment o f deflecting unit length 2/ causes 
the decrement o f A^;

— the increment of length a causes a shift o f the 
intersection points o f the set o f A  ̂ functions with the 
x-axis toward the positive direction o f the latter;

— at small values o f the length a the increase of 
the length 2/ o f defecting coils causes a decrement 
of A*3, while at great values of a an increase o f the 
length 2/ results in an increase of values AJ3 (in the 
negative direction);

— the increase of the distance x  between the deflec
ting units results in the decrease o f A^.

The asymmetry parameter o f coma and anticoma 
Â3 causes a disturbance in symmetry o f current density 
distribution in the transversal cross-section o f the 
beam. Therefore, the sizes o f the deflecting-focusing 
unit have to be selected so that the condition A  ̂ =  0 
be satisfied. For coils o f the same length (/1 =  /2) is 
fulfilled this condition, if the distance between the 
deflecting units is:

**?3ih4 <5
2^3

( 12)

where <5 =  <73—4/^ 3, and the calculated distance bet
ween the deflecting units satisfies the inequality
2/1 ^  x ^  a —/ 1.
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Fig. 5. The graphs of parameters A, and A3 versus x: 
a) graph of A, versus x; b) graph of A3 versus x; for a =  150, 

200, 250 and 300 mm

4. The influence
of the deflecting coil length on deflection 

coma and anticoma of D D

The dependence of the parameters A, and A  ̂ on 
the length of deflecting coils has been partially explai
ned in the previous sections. In those sections the case 
/i — /2 =  / has been discussed.

When analysing the influence o f deflecting coil 
length on the coma it has been assumed (as in sec
tion 3) that

L i  =  2/) ,,  A3 =  22)2-6), =  6)2 =  30°.

The parameters A , , and A3 calculated from 
the formulae (11) are given in table 3. From these 
data the following conclusions may be formulated:

Table 3

The values parameters A ,, A2 and A3 versus the deflecting 
coiis length

Para- \  /1 0.01 0.0125 0.015 0.0175 0.02
meters

0.01 0.6666 0.6721 0.6748 0.6800 0.6837
0.0125 0.6619 0.6666 0.6692 0.6744 0.6781

A, 0.015 0.6586 0.6640 0.6666 0.6717 0.6754
0.0175 0.6538 0.6590 0.6616 0.6666 0.6773
0.02 0.6507 0.6555 0.6580 0.6630 0.6666
0.01 0.2906 0.2975 0.3020 0.3088 0.3159
0.0125 0.2765 0.2824 0.2870 0.2928 0.2989

A, 0.015 0.2623 0.2677 0.2712 0.2774 0.2837
0.0175 0.2411 0.2414 0.2494 0.2500 0.2596
0.02 0.2161 0.2154 0.2187 0.2225 0.2328
0.01 0.0406 0.0414 0.0429 0.0441 0.0471
0.0125 0.0326 0.0324 0.0340 0.0342 0.0362

A3 0.015 0.0214 0.0207 0.0212 0.0217 0.0239
0.0175 0.0580 0.0006 0.0500 0.0000 0.0055
0.02 -0.0156 -0.0219 -0.0215--0.0234 -0.0172

— the increase of the length 2/2, for 2/, =  const, 
causes a decrease of A",, while the increase o f 2 /,, for 
2/2 — const, slightly increases A ,;

— if /, =  /2 then A*, =  0.6666 independently of 
the coil length;

— the change o f 2/ , ,  for 2/2 =  const, slightly 
affects the value of Af, which increases with the 
increment of 2/,;

— the increase of 2/2, for 2/, =  const, causes the 
decrement of A^;

— the change in 2/ , ,  for 2/2 =  const, slightly 
affects the value of A3, while the increase o f 2/2, 
for 2/, == const, leads to decrement of A3 .
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5. Verification of the results

The aberration figures of the deBecting-focusing 
unit have been observed in a specially made elec
tron-beam lamp o f 0  500 mm diameter, and 540 mm 
length [5]. The figures obtained on the lamp screen 
are distorted by all kinds o f aberrations of even 
order and by asymmetry aberrations. Neverthless, 
by analysing the figures for different aperture angles 
the dominating geometrical aberrations may be distin
guished.

First o f all three variants of deBecting-focusing unit 
have been examined which has been presented sche-

Fig. 6. The variants of the deBecting-focusing system

matically in Bg. 6. For the three mentioned variants 
the deBecting coil sizes, i.e .: the length 2/ and width A, 
as well as the distance a o f the Brst deBecting system 
from the lens slit and the distance 2? o f the second 
deBecting unit from the slit (see Bg. 6) are given in 
table 4. In this table the ampertums o f the deBecting 
coils DD is also given. The turn numbers /Vi and 
of the Brst and the second units respectively, are 
chosen in such a way that condition (6) be satisBed. 
Table 4 contains also two next variants which are 
discussed in detail in the further part o f the section. 
In Bg. 7 the aberration Bgures are presented for de
viations (in the screen plane) along the x  and y axis, 
equal to 3, 5, 8 mm in variants 1 and 3, and 3, 5 mm 
in variant 2, and for the aperture angles m =  3°20', 
4°10'. The results obtained conBrm the conclusion that 
at the increasing angle 0  the coma and anticoma dec
rease and the errors are least for coil Beld angle 0  =  
— 30° (comp. Bg. 8). The variant 3, compared to 
variant 2, introduces greater deviation coma and 
anticoma, thus conBrming the conclusion obtained 
in section 3. In variants 4 and 5 the Beld angles o f the

Table 4

The sizes of the deBecting-focusing unit in mms

Variant
number

A 2Ą %1 2/, /¡2 V, %

1 150 90 35 20 35 20 50 83
2 150 90 35 35 35 35 50 83
3 120 60 35 35 35 35 40 80
4 135 45 35 62 35 62 25 75
5 124 42 20 62 25 62 32 76

deBecting coils amount to 30° which results in smaller 
aberrations compared with the Brst three variants. 
The aberration Bgures for both the variants for 
deBection 5, 8 and 10 mm are presented in Bg. 8. 
The aberration Bgures o f variant 4 and 3 for the aper
ture angles 3°20' and 4°10' and deSections 10, 15 mm 
are shown, additionally, in Bg. 9. The variant 4, is 
accordance with the table 3, has the least asymmetry 
parameter A^. The aberration Bgures for variants 4 
and 5 with switched-out lens of the deBecting-focusing 
unit are shown in Bg. 10 for the aperture angle to =  
=  1 °50', 3°20', 4°10', 5°21'. The Bgures at the points 
o f coordinates 10 X 10 mm, and at points 15x 15 mm 
are presented in Bg. 10a and 10b, respectively. 
A greater symmetry o f the aberration Bgure seen for 
the Bfth variant is evoked by a higher value of para
meter A^.

6. Concluding remarks

The above analysis o f deBection coma and antico
ma o f DD includes only one type aberration. The 
analysis o f the other eleven aberrations has been given 
in the paper [2]. The problem o f optimizing the deBec
ting-focusing unit with respect to minimum coma is 
very important because this kind of aberrations can 
not be dynamically compensated [6]. As a result of 
analysis of deBection coma and anticoma it has been 
stated that:

— the increase o f the distance between the deBec
ting systems causes an increase o f coma and anti
coma,

— the coma and anticoma diminish with the 
increase o f deBecting coil length o f DD, while the 
inBuence o f the changes in the coil length of the Brst 
deBecting system is small as compared with the inBuen
ce o f the second system,

— the increase o f the deBecting-focusing unit 
length diminishes the coma and anticoma.
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Fig. 7. The aberration ńgures for the aperture angies to =  3°20', 4°10' 
a) variant i — defiection 3, 5, 8 mm; b) variant 2 — deflection 3 and 5 mm; c) variant 3 — deHection 3, 5 and 8 mm

75



Fig. 8. The aberration Hgures for the aperture angie ω =  3 *20', 4 )0'; dehection -  5, 8 and 10 mm;
a) variant 4, b) variant 5

Fig. 9. The aberration hgures for the aperture ang)es ω =  3°20', 4°10'; dehection — 10 and 15 mm;
a) variant 4, b) variant 5
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Fig. 10. The aberration 6gures for the aperture angles to =  1°50', 3°20, 4 10, 5 21 for switched-out lens:
a) variant 4, b) variant 5

The results obtained are confirmed by aberration 
figures observed on the screen for five different variants 
of the deviating-focusing unit.
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Кома и антикома
отклоняюще-фокусирующей системы 

растрового микроскопа

Обсуждены кома и антикома отклонения растрового 
микроскопа. В анализе учитываются влияние размеров 
седлообразных отклоняющих катушек и размеры откло
няюще-фокусирующей системы. Полученные результаты 
проверены опытным путем.
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