
Magnetic Field in deviating Coils 
of the analysing Microscope

Magnetic field in the deviating doublet coils (DD) has been discussed; the system  is applied to Roentgen  
analyzers, analyzing microscopes etc. The functions #„(%) and # 3(2) for the deviating coils (DD) which 
allow to perform an analysis of the properties of electrooptical system s have been determined.

1. Introduction

Transversal sizes of an electron microbeam 
in the working plane of the scanning beam 
devices depend mainly on the deviation errors 
of the deviating systems and on the aberrations 
of focussing lenses. The third order deviation 
errors of the deviating systems depend, in turn, 
on the functions # 2(2) and FJa) [1, 2].

Fig. 1 . A scheme of the objective lens of DD

respectively. A cross-section of the single-loop 
deviating line coil DD with the masked 
quantities characteristic of deviating coils is 
shown in Fig. 3.

The aberrations of the focussing lenses in 
the microbeam devices are determined by the 
objective lens aberrations. The latter may be 
diminished by applying the deviating doublet 
(DD). The DD coils are located inside the 
aperture of the objective lens hausing (see 
Fig. 1) [3].

Fig. 3. Coils of line of the deflecting system  DD

2. Analysis of the functions % (z) 
and % (z)

for the line coils o f deviating system

Deviation of the electron beam in an arbit
rary direction is controlled by the field pro
duced in both the line deviating coils (hori
zontal deviation) and frame (vertical deviation). 
The scheme of the deviating system composed 
of the deviating coils of saddle type is presented 
in Fig. 2. The deviating currents of the line 
coils and frame are denoted by Zg and Z ,̂
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The symmetry conditions for the line coils 
given in Fig. 3 are defined by the formula [2]

# 3(3*, 2/) =  3/) =  - - & s ( a b  - y ) ,
# „ (% , y ) -  F „ (  - a ,  y ) =  F „ (% , - y ) ,  (1)

# , ( % , y )  - = F , ( - % , y )  =  - F , ( % ,  - y ) ,

where Fg, F„ and F , are the components of 
the field strength vector F  An analysis of the 
deviating field in the saddle coils, based on 
Bio-Savart Law, has been made by HAANTJES 
and LuBBEN [4]. However, their method can 
not be applied to the field analysis in the DD 
coils, because it does not take account of the 
influence of the screening coat of the magnetic
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lens. The presence of the magnetic screen 
changes considerably the field distribution in 
the deviating coils, affecting in particular the 
function # 2(2).

In the present consideration the following 
assumptions have been accepted:

a) the lens coat is "ideally" magnetic 
(^ -^ 00)

b) the internal aperture of the lens, in which 
the DD coils are located, is infinitely long.

Magnetic field in the deviating coils is 
described by the scalar Laplace equation

A!P =  0, (2)

where V is the scalar magnetic potential for
which

H =  -g r a d y  (3)
holds.

On the base of Fig. 3 and by virtue of the 
Amper Law =  AZ the boundary con
ditions in the cylindric coordinates r, y, 2, for 
r =  A take the form

AY for 0^<p:$8 +  2a, l%l^l, r —A,  
—AY ?r +  0 ^ y ^ 7 t  +  0 +  2a, ¡21^1,

?* =  A,
0 2 ? < - l , l ) ,  r = A ,

(4)
where A  denotes the number of coils in the 
deviating coil.

Magnetic potential V for r =  A and ¡2] ^  1 
is given in Fig. 4. The solution of internal 
Dirichlet problem (2) and (4) is discussed in 
Appendix I. After substitution of (T.ll) for 
(1.8) the solution takes the form

V(r, y, 2) 8 v*i 1— AZ 'y — sin WE/2 sin Max
7 ^  M

M = 1

X sin i
Z„(%y)sinMcos %2 

MJRA)
d&, (5)

-Z

Fig. 4. Graph of the function V ,(y) =  y ( E , p , 3) for
l̂ l < 1

where Ẑ (Ar) denotes a modified Bessel function 
of the M-th order. In presence of (11.2) and 
(11.3) the functions

zz. -  (R„) v=o

are
4# 0(2) ==----- r AIcos8 sin AZ COSA2r smA

J " A ( A A )

A I T cos0 r A"sinMcosA2 _g-(3) = ----------------- ----------------- <M; +
2 J Ii(AA)

dA, (6a)

r° A:̂ sinMcosA;2 1
i,(M ) "1 ""

The functions appearing in formulae (6) 
being not elementary the respective numerical 
methods have been used for their evaluation. 
The calculations have been performed for the 
coils 21 =  20, 25, 30, 35 and 40 mm long and 
for the internal aperture radius of the objective 
lens A =  30 mm. The results have been shown 
in Figs. 5,6,8 and 9. Fig. 5 presents the functions

Fig. 5. Field strength distribution #,,(%) on the axis 
for the coil of 35 mm length for different angles 8

Fig. 6. Field strength distribution (2) for coils of 
various lengths for 8 =  56°
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# , ( 2) in A/m for the coils 35 mm long 
and for the angles 30°, 45°, 50°, 56° and 66°. 
In Fig. 6 the function # 0(2) has been shown 
for the angle 9 =  56° and the coils of lengths 
20, . . . ,  40 mm. From these graphs it follows 
that the length 2% of deviating coils influences 
the width of the distribution curve, while the 
angle 0 determines the maximum value of the 
field strength on the axis. The graphs of 
the magnetic induction H,(2) in Fig. 7 are

Fig. 7. Magnetic induction distribution on the axis 
21 — 35 mm, 8 =  56°

7 — on experimental curve, 2 — a curve computed 
on the base of formula (6a)

Fig. 8.Function for the coil of 35 mm length
for various 6

given for following parameters of the deviating 
coils: length =  35 mm, 0 =  56°, A  =  40 coils 
and the deviating current 300 mA. The curve 
(1) was obtained experimentally with the help

Fig. 9. Function # 2  M  for coils of various length for 
6 =  56°

of a Hall probe, while the curve (2) was com
puted from the formula (6a). The field A, (2) 
was measured by using the coil of sizes des
cribed above and as screening housing applying 
a cylinder made of ferrite rings of the length 
125 mm and internal diameter 60 mm. The 
graphs of the #2 functions calculated from (6b) 
are presented in Figs 8 and 9. For great values 
of 0 these functions take the form of a bell 
curve.

3 . Concluding remarks

From Figs. 5 and 6 it follows, that the func
tion #„(2) increases, with the decreasing angle 0 
and increasing length 21 of the deviating system. 
The increase in # ,  results in an increment in the 
deviating system sensitivity [2], while a decre
ment of the angle 0 results in decrease of # 2(2). 
The latter function takes the least value (as me
asured by its modulus) for the angle 0 =  30°. It 
should be noticed that the function # 2(2) given 
in Fig. 8 is 2 x magnified. A further decreasing 
of 0 yields in an increase of the function #2  to
ward negative values. Hence, it follows that the 
third order deviating errors of the (DD) devia
ting system will be the smallest for 0 =  30°. 
Additionally, as it follows from Fig. 8 for 
0 =  30°, the function #2 approximates the 
function determined by KAASHOEK [2] giving 
the least deviating errors i.e. distortion, astig
matism and coma.

*
* *

The author expresses his gratitude to Dr. Andrzej 
Mulak for valuable remarks in the course of writing 
this paper.
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Appendix I Appendix II

For the iine coils and the scalar magnetic po
tential the conditions of symmetry (1 ) have the form

y ( a .y )  =  V ( - R .y )  =  - f ( 3 , - y ) .  (1 .1 )
The plane 2 =  0 (see Fig. 3) is a plane of sym 

metry, hence
!f(K. y.2)=V(K.y.  -a)- (1.2)

The Laplace's equation in the cylindrical coor
dinates takes the form

дву 1 dy 1 dSy gay
"irj* -t----- -̂-- !*—r —r-TT —r-r- = 0.r dr dy3

! F ( r ,y ,2) =  Д(г)Ф (у)И(2). 
Inserting (1.4) into (1.3) [5] we have 

Д'
ÜB

1 Д' 1 Ф" Z"
^ У д *  У о

since Ф(у) =  Ф(у +  2я), hence Ф "  +  % З ф  

Ф(у) =  AcosMy +  Bsin?iy.
In view of

it follows that

lim У ( г ,у , 2) =  const,
2-̂ ±oo

Z" + A;3% = o.
^ (2) =  CcosLa+DsinL?.

The modified Bassel function in (1.8) may be 
represented as

(1.3)

(1.4)

(1.5)

(1.6 )

The component Д(г) is a solution of the Bessel 
equation [5]:

1 / И.З \
Д " +  — Д ' -  &з+ —  Д =  0,

r \ r3 /

where

/ i:r
Л, У  =

ç„(it-r) = V ___V"' ib!(№ + it)! \ 2 / (11.1)

The solution of (1.3) may be obtained by the 
variable separation method

Hence, (Zr)sitiy =  A:^y/2,Zg(^r)sin3y =  Z^Ç^y (З^з — 
—y3)/8. On the base of (3)

d y  8AZ < sin а Г r

dO, 1 sin 3a Г .  Г -
+ 3 +

+  (ЗжЗ -  y2) [  +  (ЗжЗ -  y3) X
о

x y ^ 3 ^ - d Z , j + . . . j ,  (11.2)

where
sin M cosM

dy^ „  =1= —  —  —  d  /t .ZẐ  (̂ Д)
In view of (11.1)

\ da; /ж=у=о \ dy A

( y * )  = (Н-з)\ dar /ж=]/=0

Z i(r)= F -Z ^ (Z r)+ F F ^ (Z r). (1.7)

On the base of (1.1) and (1.2) A =  Z) =  F  =  0. 
Hence

V ( r ,y ,2 )  =  AZ^(Zr)sinnycosZ2, 

where A =  Z?CF.
The case w =  0 is trivial, therefore MtA where 

JY =  1 , 2 , . . .  under assumption that Z changes in 
a continuous way within the interval ( 0 , 00)

!F =  sinny y  A^(Z)Z^(Zr)cosZ2dZ. (1.8 )
z t = l  0

The expression (1.8) takes the form

Магнитное поле в бобинах отклоняющего дублета 
анализирующего микроскопа

Обсуждено отклоняющее магнитное поле в бобинах 
отклоняющего дублета. Эта система применяется в рент
геновских анализаторах, анализирующих микроскопах и т. д. 
Приведены функции До (2) и %  (г) для бобин дублета, 
позволяющих производить анализ электронооптических 
свойств системы.

where

У  =  a(Z)cos&2JZ,

a(Z) =  a„sinwy.
%=1

(1.9)

(1. 10)

The right-hand Fourier transform inverse to that 
given by (1.9) for r =  _B is

2 r° 2 .
a(Z)j? =  — J F (F , y , t)cosZtd( =  — Zy„sinM ,

2 r  8AZsinZi .
("a)R =  — a(A)RSinmydy = ----- ---------smя J ^Zwо

hence
. , , ,  8AZ я  sin Z( sin ma 

A^(Z) = — r -s m m --------------------- (1.11)

я
я — sin ma,

References

[1] HAANTJES I., LuBBEN G. I ., Ærrorg 0/  mmymeiic 
de/feetfom Z, Philips Res. Rep. 12, 1957, pp . 46-68.

[2] KAASHOEK J .,  A simdy o / amaymeiM-Je/Zeciiom error^, 
Philips Res. Rep. Suppl. 11, 1966, pp. 1-113.

[3] AMBOSS K ., WoLF E. D., ZlowMe de/fectfom a&erra- 
tfama tu  a  scmmmfmy eieeirom wicroscope, Rec. of 
11-th Sym p. E lectron, Ion, Laser Beam  Technol., 
San Francisco Press, 1971.

[4] HAANTJES I., LuBBEN G. I., Ærrorg o / mMtymeiic 
de/ieeifom ZZ, Philips Res. Rep. 14, 1959, pp. 65-97.

[5] TiCHONOv A. N ., SAMARSKU A. A., Praumemia 
Jlfate)maMchegZoy /ZzyZi, M oskva 1972.

Æeeewed, Ocio&er 7, Z975

38 ÛPTicA APPLICATA VI/2, 1976


