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Abstract:

The optimum design of the magnetic deflector with the lowest values of the radial
and spiral distortion aberration coefficients was computed. The optimized calculations
were made using three models, Glaser bell-shaped, Grivet-lenz and exponential
models. By using the optimum axial field distribution, the pole pieces shape which
gave rise to those field distributions was found by using the reconstruction method.
The calculations show that the results of the three models coincide at the lower values
of the excitation parameter. In general the Glaser- bell shaped model gives the
optimum results at the whole range of the excitation parameter under investigation.

The negative values of the spiral distortion aberration coefficient appears in the
results at the same case, therefore the designer can use it as corrector in other optical

systems which suffer from this type of aberration.
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Introduction:

The analogy between electron optics
and light optics extended into the
domain of deflection systems [1]. The
most common and classical type of
deflection is used in cathode ray tubes,
lithography ~ machines, scanning
electron microscopes, electron
accelerators, electron-beam
manufacturing technologies and some
other analytical instruments[2].
Compared with electrostatic lens and
deflector, the magnetic lenses and the
deflectors have some advantages as
high stability, low aberration and high
sensitivity [3]. In many electron beam
instruments, such as scanning electron
microscopes and scanning electron
beam lithography systems are usually
use a magnetic lens to focus a(charge)
particle beam , and magnetic deflection
coils mounted within the lens. For both
the intermediate and  projector
magnetic electron lenses, radial and
spiral  distortions are the most

important. In general one can tolerate
about 1% of radial distortion and 29%
for spiral distortion [4]. In order to find
a lens shape giving zero radial and zero
spiral distortion at the same excitation,
radial and spiral distortions were
calculated for an asymmetrical triple
pole-piece projector lens with varying
dimensions, by using axial field
distributions obtained by the finite
element method [5]. The numerical
analysis of magnetic deflector in
electron-beam lithography system was
carried out by [6]. Magnetic deflectors
and radial and spiral distortion
aberration coefficients were studied be
many researchers [7-10].

Theory

Fields Distribution

Let B(z) be the axial flux-density
distribution for the lens and D(z) be the
deflection flux density required at the
axis. Then, the following relation holds
[11]and[12]:
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D=(1/2)d B"(2) (1)
where d is the displacement by the first
deflector and B’ (z) is the derivative of
the field distributions.

Three models are used to find the best
distribution of magnetic deflector field
which gives the optimum radial and
spiral distortion coefficient, there are
the Glaser's Bell-shaped, Grivet-Lenz
and Exponential models.

The axial flux density distribution of a
typical symmetric short magnetic lens
is a bell-shaped curve. The Glaser's
Bell-shaped model is given by[2]:

B(z) = Bmax [1+(z/4d) 2 (2)
where Bmax is the maximum flux
density distribution and a is the field
width at half maximum Bpax/2

For the representation of unsaturated
lenses the axial flux density

distribution of Grivet-Lenz model has
been proposed which is given by:

(3) B(z) = Bmax /cosh(z/ a)
According to the exponential

function the axial flux density
distribution of the third model is given

by :

1
Dsp(\/r):(mv J(Z m(?v

where X and Y are two independent
solutions of paraxial- ray equation
with an initial condition depending on
the operation modes, the prime denote
derivative with respect to z, mq is
electron mass, V. is relativistic

J TD(Z).HBsg]qj+D(z) V. m] }dez

3 K r2
Drad(\/r):(slfpz J[ 16mqVJ J‘{ (2) 4{

B(z) = Bmaxexp -(z /a) 2 4)

The pole piece shaps are calculated
for three models of field distribution
using the reconstruction technique of
[13] for constructing the electrodes of
an electrostatic lens to reconstruct the
pole piece shape of magnetic deflector
and electrode shape of electrostatic
deflector. According to this technique
the equation of equipotential surfaces
(the pole piece in case of magnetic
deflector) is:

R (2)=2 [(Vz Ve )/Vz”]l/ i
(5)

where R, is the radial height of the
pole piece, V, is the axial potential
distribution,V, is the second
derivative of V, with respect to z and
V, is the value of the potential at any

one of the two pole pieces or
electrodes

Radial and Spiral Distortion

The spiral and radial distortion
aberration coefficients of an axially
symmetric magnetic optical element
are given by [5]:

(6)

. Y |y
mqur j.D(z) _D(Z)(Vj }.Y .Xdz

(7)

corrected accelerating voltage, q is
electron mass and fp is the projector
focal length.
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Results:
The deflector flux density distribution

D(z) which is computed by the three
models is shown in figure ( 1).

-+ Grivet-lenz model
Glaser bell-shaped model

exponential model

- 2.00e-01
-I\1.50E-01

[ .00E-01

00E-02

| oYY T E—
40-

field(tesla).

5.00- E-D%D-

1 1.00-£-01

1.50-E-01

- 2.00-e-01
Z(mm)

Figure (1): The field distribution of magnetic deflectors for three models of D(z).

The results of the pole piece shaps for
three models of field distribution are

shown in  figures (2), (3) and (4).
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Figure (2): The pole piece shape for magnetic deflector with field distribution of
Glaser’s Bell-shaped model.
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Figure (3): The pole piece shape for magnetic deflector with field distribution of

Grivet-Lenz model.
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Figure (4): The pole piece shape for magnetic deflector with field distribution of

exponential model.

The field distribution of Glaser's Bell-
shaped model is used and the
deflection flux density is found and
both the radial and spiral distortion
aberration coefficients are computed
and the results are shown in figure (5)
as a function of excitation parameter.
The relation between the radial and
spiral distortion coefficient remains
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constant at law value of excitation
parameter NI/(V,)°® and approach to
zero, then in the region of excitation
parameter greater than 7 amp. turn /
(volt)®® the radial distortion increases
and spiral distortion decrease as the
excitation parameter increase higher
than 7 amp. turn / (volt)®®.
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Figure (5):The radial and spiral distortion for magnetic deflector with the field

distribution of Glaser’s Bell-shaped model.

The results of the field distribution of
Grivet -Lenz model shows that the
radial and spiral distortion aberration
coefficients having the same behavior
of the Glaser’s-bell shape model at low
values of excitation parameter, but the
spiral distortion aberration coefficient
has the opposite behavior to that of

Glaser’s-bell shape model, where the
values of spiral distortion aberration
coefficient is increasing with excitation
parameter increases. While the values
of the radial distortion aberration
coefficient has the same behavior at the
whole range of excitation parameter
value as shown in figure(6).
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Figure (6):The radial and spiral distortion for magnetic deflector with the field

distribution of Grivet -Lenz model.

The results of calculation of the
calculations of the radial and spiral
distortion aberration coefficients for
the exponential distribution model as a
function of excitation parameter are
shown in figure (7). The radial and
spiral distortion aberration coefficients
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having the same behavior of the
Glaser’s-bell shape model which are
remains constant at law value of
excitation parameter NI/(V,)*® and
approach to zero, then in the region of
excitation greater than 7 amp. turn /
(volt)®°the radial distortion increases
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and spiral distortion decrease as the
excitation parameter increase higher

than 7amp. turn /  (volt)®®
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Figure (7):The radial and spiral distortion for magnetic deflector with the field
distribution of the exponential distribution model.

The comparisons of the three models
for spiral and radial distribution
aberration coefficients are shown in
figure (8) and (9) respectively. It is
clear that at lower values of excitation
parameter the value of radial and spiral
distortion aberration coefficients are
constant and reach to zero for all
models.

The values of spiral distortion
aberration coefficient for Grivet-lenz

model increase  with  excitation
parameter while the value for Bell-
shape and Exponential models

decreases and have negative values at
excitation parameter greater than 7
amp. turn / (volt)®the as shown in
figure (8). In this case the deflector
which design using this model can be
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used as corrector of spiral distortion
aberration coefficient in the other
optical  systems. At  excitation
parameter higher than 7 amp. turn /
(volt)®®, the radial distortion aberration
coefficient for exponential model rises
rather rapidly relative to the radial
distortion aberration coefficient of
Grivet-Lenz and Glaser’s-Bell model
as shown in figure (9). The Glaser’s-
bell shape model gives the best result
for radial distortion  aberration
coefficient at the whole range of
excitation parameters, while the values
for both Grivet-Lenz and exponential
models are increasing with excitation
parameter increases at the values of
exaction parameter greater than 7 amp.
turn / (volt)®®.
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Figure (8): The spiral distortion for three models of field distribution of magnetic
deflector.
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Figure (9): The radial distortion for three models of field distribution of magnetic
deflector.

Conclusions:

1.

It appears from the present work
that it is possible to use any one of
these results to find an optical
system without any radial and
spiral distortion aberration
coefficient at the lower values. of
the excitation parameter.

The designer can use the bell-shape
and exponential models to design
the corrector for the distortion
aberration coefficient in the optical
systems which contain this type of
aberration values of aberration
coefficients.
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3. The calculations show that the bell-

shape model gives the best results
of radial and spiral distortion
aberration coefficients at the same
time.

References:
1. Paszkowski, B. 1968. Electron
optics, American Elsevier

publishing company inc.,1* edation,
New York, 316:264-265.

. Szilagyi, M. 1988. Electron and ion

optics, Plenum press, 1% edition,
New York, 539:442-446.



Baghdad Science Journal Vol.10(2)2013

3. Zhuming L. and Wenqgi G. 2005. 9. Alamir, A.S. 2004. On the
New method to correct eddy chromatic aberration of magnetic
current, Microelec. Eng. 78(1):34- lenses, Optik.115 (5):227-231.

38. 10. Kuo, H.P. and Groves, T.R. 1983.

4. Alamir, A. S. 2003. Spiral distortion A largw area deflection system with
of magnetic lenses, Optik.114 very low aberration, J. Vac. Sci.
(12):525-528. Technol.1(4):1316-1321.

5. Tsuno K. and Harada Y.1981. 11. Ohiwa, H. 1977. Designing air core
Elimination of spiral distortion in scanning systems comprising round
electron microscopy. J. phys. E: Sci. lenses and saddle type deflection
Instrum.14 (8):955-960. coils, J. Phys.D.10(11):1437-1449.

6. Munro, E. and Chu H. 12. Ohiwa, H. 1978. Design of
C.1982.numerical  analysis  of electron-beam scanning systems
electron beam, Optik. 60(4): 371- using the moving objective lens, J.
390. Vac. Sci. Technol. 15(3):849-851.

7. Yan R., Tiantong T., Yongfen K., 13. Szilagyi, M. 1984. Reconstruction
and Xiaoli G.2007. The aberration of electron and pole pieces from
theory of a combined electron optimized axial field distribution,
focusing deflection system, Optik. Appl. Phys. Lett. 45(5):499-501.

118(12): 569-574.

8. Nakagawa, T. and Nakata, S. 2000.
Improved power- series Expansion
Method, IEEE. 36(3):581-585.

otall 4y gl g Lo ladl) dg il i) cdlalaal Jia¥) asacatl)

*daa/ JlaS das/ *Ale fpead gh)  Fomawa g

G adl calary ¢ el dadla ce}ld\ A< ey ) e.uﬁ*

-

sdaDAl)
gcb..ﬂ\ @yﬁﬂ\ &) Gy PPN (.\:\é Ja sL"-'.. Lﬁﬂ‘ wb\.&d\ LJJ\AM JiaY (""‘“"‘n Al (.\:}
DO G zisel & ddlide zila EOE alaaiuly Cyoal LY Gllea o) s lal) 4y sl
iy | (exponential distribution) oY) z3saY\s (Grivet-Lenz) z3s«is (Glaser bell)
salel 4y e aladiuly ey ysil o2 Jiad ) ) JISE] sl a3 Jlaall JiY) (5 saall a5l
Sl e i ) Dbl gl gl af die (Bt il S ln ol i cllaal) o) s il
O ol a0 zeagil) COlalra (520 alazal Juzal) iliil) ey Glaser bell z3sail b 4ale 5 ) gy s
G AV A padl Ll maiaeS Lgaladin) Say gl el ) il 4y sl g 51 ALl 4l
Al e g il 1 e (e A

479



Baghdad Science Journal Vol.10(2)2013

480



