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ABSTRACT

The sputtering yield of magnetics is a
strong function of the ratic of the correla-
tion radius of magnetizatior fluctuation of
the characteristic radius of the cascade of
moving target atom i.e is eventually much
dependent on target temperature. The tempe-
rature intersvals, where a definite type of
sputtering ( ferro or para ) prevails, are
presented. In particular, the temperature
interval near the magnetic phase transition
point is studied. The consequences of the
hypothesis of the universal character of the
critical phenomena are applied to sputtering
of magnetics and analyzed in brief.
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1. Temperature dependence of the correlation

radius of magnetization fluctuations

The second-kind phase transitions are known[ 1,2 ] =
to be characterized by the so called "parameter of order",
namely, by a certain macroscopic mean value which vanishes
identically above the phase transition temperature. In case
of magnetics, the vector of spontaneous magnetization of a
sample is the parameter of order. As the sample temperature
approaches the critical peint TC, the system begins to
exhibit the anomalously large fluctuations of the para-
meter of order, i.e. the critical fluctuations [1,3,4],
with a very high relaxation time. By the term "fluctuation",
it is meant here a local deviation of the parameter of .
order from its mean value taken throughout the sample bulk.
The critical fluctuations are not statistically independ-
ent. The correlation radius of fluctuations is a quantita-
tive measure of their statistical dependence. As applied
to magnetics, the correlation radius of the magnetization
fluctuations, roughly speaking, determines the size of the
space region where the spins are correlated, i.e. identi-

cally oriented on the averag.

We are interested in the long-wave fluctuations of
magnetization because they are used to determine the phase
transition. In this case we may treat a continuous field

of the magnetization fluctuations, which is a function of
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coordinate (and time), and disregard the discreteness of :
the spin lattice. In other words, we are interested in the
fluctuations whose characteristic length of spatial varia-

tions is much in excess of the lattice parameter.

According to the fluctuation theory for magnetic
phase transitions of the second kind [ 1}, the correlation

radius of magnetization fluctuations varies with tempera-
ture T as [5 ]

r € [——— ; (1

where : TC is the temperature of magnetic phase transition;
C is the radius of direct spin interaction {of the order

of lattice constant) ; and Y is the critical index. The
values of Y vary from 0.5 to 0.7 [6 ]

It should be noted that formula (1) is an asympto-
tic one, namely, it states that the correlation radius
becomes infinite following a power law when the tempera-

ture approaches the critical point unlimitedly :

=V
r. A~ T (2)
T -T
where T - |—£— | . Formula {2) has been derived
T

C
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in terms of continuous approximation for isotropic field
of fluctuations, and it essentially determines the order
of magnitude of T, - The proportionality censtants in (2)

above and below TC may, generally, differ from each other.

The present-day theory of phase transitions fails
to permit any definite conclusion concerning the validity
of the power-law function (2) at high values of T . The
only thing that may be safely asserted is a monotone decre-
ase of r_ with increasing ¢ on either sides from Tc' How-
ever, within an accuracy sufficient for cur purposes, the
dependence r. (C ) may be considered to be a power law
for all¥ and symmetric with respect to the point't:= 0,
while the interatomic distance may be taken to be the

proporticnality factor C.

According to the theory of critical phenomena [3,5,
6], Y is determined by the dimension of space, the geo-
metric properties of the pafameter of order (scalar,vector,
tensor), and the symmetry group of the Hamiltonian. For
example, the Landau theory for phase transitions [2],which
is based on the self-consistent mean field approximation,
corresponds to Y = 0.5. The Hamiltonian of the anisotropic

Heisenberg magnetic [7] is given by :

- - Zz 2
}-E-:—J ; (S~ Saay .+ ({Si_-!- an)
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It practically describes all of the magnetic struct-
ures of interest to us, and leads to the values of Yy rang-

ing from 0.6 to 0.7 (depending on the sign of q).

Fig. 1 shows the temperature dependence of the
correlation radius of magnetization fluctuations at various

values of )

To solve the appropriate kinetic equations [8 ] we
have to know the mean values of the scalar product of the
spins located at different points of space. In case of a
two-atomic collisions in a cascade, one of the atoms has
of spin 7;' and energy E during motion. It may be assumed
within sufficient accuracy [ 9/] that the atom with spijlzg
is moving from the point T which was at a distance r
from an atom spin-gﬂ, the mean free path of the atom with
energy E in the target matter is X\ (E). Thus, we have to
know the mean value of the scalar product of spins <.§§F>
located at distance

— e
r -r'

A(E) =

. . P >
By definition, the mean value of < S{r) S(r') > is
a two-spin correlator [10]. In the symmetric phase above
TC, the two-spin correlation function in the continuous

isotropic approximation is determined by the well-known
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Ornstein-Zernike asymptotic formula [5. ]:
— =
G r-r'

' = X I = ' (3)
’ lr - r1 P { Te }

where G is a normalizing constant.

NY)’ I'

—
£ S5
r

In the asymmetric phase below TC , a long-range order

appears in the system and expression (3) takes the form :

-

B B 3§ 52 - -] (4
f—‘ S?‘ =< 3> + r?_.ﬂr" exp - '—r"'— )
9 c
where <3 )2 = [%{['(L%Z ; M is the spontaneous magneti-
zation, ’

According by, the mean scalar product of spins of

two colliding atoms in a cascade is given by :

Aad ¥
< S8' > = exp {— ACE)-"C} , T>Tc (5)
Aﬂ 2
< 88' > = exp {— %ﬁlf ]+ [%[L(%l] (1-exp {— ACE)—} ),
T<T,. (6)

The second term in (6) allows for the long-range order,
and the first term corresponds to the short-range order.

Fig. 2 shows the temperature dependence of < SS' > for
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various paths X . It is seen that the spins are parallel
near the critical point TC and near T = 0 and that the
spin orientation gets chaotic above Tc. Below TC the value

s nallh
of < S§8' > exhibits a minimum whose depth and position

depends on A .

2. The dependence of the sputtering yield on

the ratio of the cascade radius to the

correlation radius of magnetization fluctuations

In contrast to the theory of equilibrium phase
transitions of the second kind, where the correlation rad-
ius of fluctuations is the sole characteristic length, the
sputtering of magnetics involves another characteristic
parameter of length, namely, the radius of the cascade
region of moving atoms which contributes to sputtering.It
should be expected that the characteristic length of the
cascade is primary ion free path [9] and depends weakly on
temperature. Obviously, the sputtering yield will vary as
a function of the cascade radius-to-correlation radius
ratio. The process of sputtering in various temperature
intervals may be presented as follows :

(1) In case, the temperature is much higher ‘than the critical
point, the fluctuation correlation radius is much smaller
than the dimension cascade and we deal with the paramag-
netic phase sputtering determined mainly {11} by the

binding energy of surface atoms in paramagnetic state:

t < 5
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(2) As the temperature decreases, the correlation radius
increases and becomes equal to the cascade radius at a
certain temperature T2 > TC . In this case all spins are
correlated in the cascade region and the character of
sputtering at temperatures Tc <TKL T2 corresponds to the

sputtering of ferromagnetic phase ;

(3) As the temperature decreases further to pass by TC ;
the correlation radius becomes once more equal to the
cascade radius at a certain temperature T1 < TC and decre-
ases afterwords. However, the effect of the long-range
order must be allowed for here. As a result, the character
of sputtering at T1 CTKL TC will be intermediate between
the ferro- and para- magnetic phase scattering, but closer

to the ferro-sputtering;

(4) The correlation radius decreeases with further decrease
of temperature. This ywould . have result in the complete
chaotisation of spins in the cascade regions and, hence,

to produce a type of paramagnetic phase sputtering, But in
this case, the role of the long-range order becomes signi-
ficant, so we have again an intermediate character of

r
sputtering which is howeve closer to the para-sputtering:

(5) In the low-temperature range, we deal with the pure

ferromagnetic type of sputtering;
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(6) The highly important temperature interval of 20 - 30°
width, namely, the region of surface phase transition, is
located in the immediate proximity to the magnetic phase

transition point.

The variations of spin orientations and the atomic
shifts are known to be related to each other [12] in that
the spin orientation variations are accompanied by atomic
shifts, and vice versa. Bound magnetielastic waves exist
in magnetically ordered crystals. Therefore, the large-
-scale critical fluctuations of spin density are accompa-+
nied by the respective fluctuations of elastic stresses.
In the vicinity of magnetic phase transition, the irradia-
ted target surface is permanently in a stressed state,
which gives rise to the experimentally observable changes
in the morphology of the surface of magnetic [13,14] (the
surface phase transition) and by the variations of the sa
saturation vapour pressure [15-17] and of the rates of
absorption and chemical reactions [18,19]. The surface
phase transition gives rise to a chaﬁge in the form of the
potential barrier. The barrier curvature increases, and as
a result [20,21), the sputtering yield increases by 1.5-3

times in this temperature interval,

According to the fluctuation theory of phase transi-
tion, the cirtical behaviour of magnetics is of universal

character, that is , it is determined by the dimension of
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space, the tensor dimension of the parameter of order, and
the symmetry group of the spin-Hamiltonian. It should be
expected, therefore, that the temperature dependence of
the sputtering of the magetics, for which the parameters
of order exhibit the séme geometric properties and the
spin-Hamiltonian symmetry group is also the same, will be
qualitatively identical. For example, the qualitative
pattern of sputtering of nickel, whose parameter of order
is a three-dimensional vector and magnetic structure cor-
responds to the Heisenberg three- dimensional model, will
be the same as the patterns of heavy rare-earth metals

sputtering.

Therefore, the qualitative dependence of lanthanide
sputtering will be repeated for the transition metals of
iron group target. Hence, they would be of the same Hami-
ltonian symmetry and the same dimension of the parameter

of order.
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Fig.1. The temperature dependence of the correlation
radius of magnetization'fluctuations at various

values of the critical index V.
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Fig. 2. The temperatuve dependence of < §S'

> at various
values of A .
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