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Introduction

The electron’s beam magnetic control technique is
used in scanning systems such as lithography machines,
television sets or display terminals. To achieve good
electronic-optical parameters (EOP) are neccessary
modeling magnetic fields (MF) and electron trajectoriesin
the deflection yoke (DY) of this devices. Sometimes these
magnetic fields had been founded in using combined
empirically — theoretically different methods [1-3]. On the
other hand MF can be founded directly theoretically in
each point of the electron tragectory [4,5]. Often to
compute and optimizes the electronic-optical parameters of
devices is used aberration theory [5-7]. The MF functions
is given through measuring DY fields with special
instrument [6] in this case. After very clear optimization
procedure then can be seek good EOP without used
calculation electron trajectories.

In this paper the new calculation method of the
magnetic fields functions of a saddle-type DY used in the
aberration theory is presented.

Magnetic fields DY distribution

The longitudinal one-half section in z, r plane of the
DY combined with the coil of saddle - type and ferrite core
schematically is shown in Fig.1.
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Fig. 1. Basic dataof the DY
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MF functions will be discovered comparing fields
distributions received in two ways: applying magnetic
potential double or simple sheets theory and aberration
theory. First of all it will be analyzed by MF distribution of
the coail. In this case according to MF theory magnetic
potential at any point in space is calculated:

ds,
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where ﬁo — the unit normal on the surface element ds of
the cail, u(rz) — density of value of the magnetic dipole
(MD) distribution on the surface point r= rz(fi, [f Z). In
the symmetrical case of a winding distribution of the cail

the MD distribution can be expressed as a sum of angular
harmonics:
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where a,,(zZ) - Fourier coefficients of the coil winding
distribution. Let the surface of the coil between cross
sections zand 2z, be expressed as function

= 'r_'(li(i), B, E). Then unit normal to this surface at any
integration point according well-known formula
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can be written:
ﬁozu(i'cosﬁ+fsinE—IZ§(l)), (%)
where R = dli/ dz - derivative on the point of a curve of
o _ B )R -05
longitudinal  section, and u=|1+ (R . The

distance between point on the surface of the coil and any



point in space d E‘F_”—r“ can be described in the form:

d= [ﬁz +R2+(Z-2)? - 2RRcodf - /3)]0'5 ©)
After calculating gradient of inverse this

function, expression in the rectangular brackets of eq. (1)
acquire such equality:

Mo xV(%) =—ud _3[p— ﬁcos([i —,B)], (6)

where p=R- RUk; k=Z-z
First of al the MF distribution will be considered in
the 7= r‘(ﬂ =0°, z) plane. After the calculating gradient

€g. (1) thereisonly one component MF in this case:
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On the other hand according to well-known
aberration theory MF distribution [5] in this plane can be
determined by the sequence:

Hy =Ho(2)+Ha(2x? + Ha(2x* +... . ®)

The functions Hg,..,H, will be founded after

comparing MF distribution according to this and (7)
equations:
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where limit is setting for x - 0, 8 — 0.These equations
after some transforms were got such forms:
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MF distribution of DY suitable for used in the
aberration theory is[5] :
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To fulfill these expressions are founded derivatives
of the functions (12), (13):
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So, description MF distribution of the DY coils is
completely finished.

The same way is used to find MF from the surface
charge density distribution of the DY core. In the case
where ferrite core is assumed infinite permeability, charge
density o(r) can be find from integral Fredholm equation
of the first kind [4]. Then the magnetic potential at any
place of the space according to [4] would be calcul ated:
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where S; determines the segments of the core surfaces
(subscripts i=1,2 mean inside and outside segments; i=3,4-
front z=z; and end z=z, segments); o(r) — sourface charge
density of the ferrite core.

After we have taken charge density in the
analogically form as caculated (2) and made the
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proceduresin the accordance with (7) — (11) ( W—®; H,,
—Cp, ) the functions Cy,...,C, would be set according to:
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ﬁi(l) = dﬁi /dZ — derivatives a the points of curves
6=r (ﬁ, (Z), B = const, E) in alongitudinal section of the
ferrite core; o, m=135 — Fourier coefficients that show

the charge density distribution o(r) on the surface of the
ferrite core.

Similar as in the case of the coil it can be founded
thelast functions fulfilling MF distribution (19):
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Conclusions

2
4 _45 R2d7 (2162 —14k2d2 + 44 bz
Co = 4 Z .[GJJR' di lt' (ij 14k=d + di >jz+ The performed investigations show the possibility to

=h2z get continuity functions of MF distribution of the DY
= suitable for used in the aberration theory.
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Magnetic fields description of saddletype DY is
completely finished by sumation functions H,, and C,, and

its derivatives according to (19). Submitted for publication 2008 02 15

R. Matuliauskas. Determination Functions of Magnetic Fields Saddle-type DY // Electronics and Electrical Engineering. —
Kaunas: Technologija, 2008. — No. 5(85). — P. 37-40.

The theoretical method for the determination of functions of magnetic fields are only used in the case of simple DY constructions.
According to newly developed methods these magnetic field functions are needed to calculate aberrations' parameters found to saddle—
type DY. lII.1, bibl 7 (in English; summariesin English, Russian and Lithuanian).

P. Matyasiyckac. MeTox onpe/esienusi GpyHKIMil MATHUTHBIX noJeil cenyioodpasubix OC // DieKTpOHHKA U 21eKTPOTeXHHKA. —
Kaynac: Texnosorus, 2008. —Ne 5(85). — C. 37-40.

Vcnone3yroTcs Kak TEOPETUYECKHUil, TaK U SIMITUPUUECKUI METOABI onpenesieHuss (GyHKIMH MarHUTHBIX nojel (MII) oTkinonsromei
cucrembl (OC) mpu ONTHMHU3AIMK, B COOTBETCTBHUHU C Teopueil abepauuii, e€ koHcTpykuuu. OQHAKO NMpHMEHseMa MaTeMaTHuYecKas
mozens OC cianmkoM ympomieHa (TepseTcss TOYHOCTh), a SIMIMPHIECKHHA MeTon TpydoéMok. IlpencraBieH HOBBIH TeOpeTHUECKUIT
meroy ompexnenenus ¢pyuxnuit MII OC cnoxHOU ceqnooOpa3Hoil KoHcTpyKiud. M. 1, 6ubsn. 7 ( Ha aHTMiiCKOM sI3bIKe, pedepaTs
Ha aHTJIMHCKOM, PyCCKOM U JIATOBCKOM fI3.).

R. Matuliauskas. Analizinis balno tipo KS magnetiniy lauky funkcijy suradimo metodas // Elektronika ir elektrotechnika. —
Kaunas: Technologija, 2008. — Nr. 5(85). P. 37-40.

Elektroniniy-optiniy sistemy aberaciju skaiciavimuose naudojamos magnetiniu lauky (ML) funkcijos surandamos abiem galimais
budais — teoriniu ir empiriniu. Deja, matematinis kreipiamuju sistemu (KS) modelis, apibréziant Sias funkcijas teoriskai, naudojamas
perdéem supaprastintas:  kreipiamuyju sistemy rités aproksimuojamos pavienémis vijomis. Todél sis metodas taikomas tik apytikrei KS
konstrukcijos analizei. Tiksliau ML struktiira apibréziama ismatuojant jos vertes atskiruose trimagio tinklelio taskuose ir, taikant
aproksimacines procediiras, surandant jas tarpiniuose taskuose. Sio metodo trilkumas bity didelis darby imlumas ir KS konstrukcijos tik
palaipsnis — kaskart pagaminant naujus sistemos pavyzdzius — optimizavimas. Remiantis naujuoju metodu balno tipo KS magnetiniy
lauky funkcijos surandamos teoriskai. I1. 1, bibl. 7 (angly kalba; santraukos angly, rusy ir lietuviy k.).

40



DOI: 10.5755/j02.eie.11157



