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The presence of a curved magnetic field in the vicinity of a surface can drasticaly influence
the secondary eectron emission induced by ion impact. This phenomenon was studied for
the metallic cathode of a DC planar magnetron discharge. The spatid dependence of the
secondary electron emission coefficient is obtained from the boundary conditions imposed
for particle fluxes in two-dimensional fluid model. The effect of the gas pressure, magnetic
field strength magnitude and orientation upon the coefficient of the secondary emission is
discussed. The contribution of the el ectron reflection on the surfaceis also investigated.
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1. Introduction

Secondary dectron emission by ion impact is an essentid phenomenon for both breakdown
and sdf-sustaining condition of the gas discharges [1]. Hence, any change of the coefficient of the
secondary eectron emission affects the stationary regime of the discharge The presence of a
magnetic field close to the cathode surface, as in magnetron discharges, may strongly influence the
secondary emission process [2]. This will be further reflected on the commodities of the magnetron,
mainly used as sputtering/deposition source [3], modifying thus the deposition rate, the physical
proprieties of the depaosited films, the efficiency of the method, etc.

In the case of a planar magnetron, the ions are accelerated into the cathode fall and they
knock the cathode (also known as target) extracting from the surface secondary € ectrons and atoms.
Due to the magnetic fiedd, secondary dectrons follow hdicoidal trajectories, allowing some of them
to return to the surface despite of the strong repulsive dectric fidd. Once back, these eectrons can
be ether reflected or captured. All reflected eectrons are re-injected into the discharge while the
others stay on the target. Hence, not al of the secondary e ectrons are important for the discharge
To point out this idea, in the reference [2] an effective coefficient of secondary dectron emission
was introduced.

In our work, secondary electron emission problem was studied through a 2D (r,2) fluid
model devel oped and used to describea DC dircular planar magnetron discharge[4,5]. The effective
coeffid ent of the secondary emission was yid ded from the fluid boundary conditions imposed at the
cathode. It was investigated its dependence on the gas pressure, on the magnetic fidd strength and
on the dectron reflection probability on the surface.

2. Theoretical aspects

The magnetron plasma is studied with a bi-component fluid modd. The first three moments
of Boltzmann equation are solved for eectrons while only the first two of the corresponding
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equations are considered for the positive ions, Ar*. Plasma potential is given by Poisson equation.
Appropriate boundary conditions are imposed for fluxes and for the eectric potentid [4]. The
interest of this paper being the secondary dectron emission, we will further present only some
theoretical consideration for e ectrons.

For the case of a magnetized discharge, the momentum transfer equation for dectrons is
written as
aa\;e + (ve [I]])v:} = —ene(E +V, X B)— OP, —mn, fmeve[1+ %) , (1)

me

where n, is the ectron density, m, — the dectron mass, I; — the veocity of the fluid particle, f;, —
the ionisation frequency by dectron-neutral impact, fre — the total momentum transfer frequency for

eectron — neutra collision, E —the dectric fidd intensity, B —the magnetic fidd strength, Be -
the pressure tensor, t —thetime. Equation (1) can be reduced under some simplifying assumptions as
following: i) the inertial term can be neglected due to the small mass of the eectron, ii) the
ionisation frequency, fi,, can be neglected with respect to the momentum transfer frequency for
dectrons, fre, iii) scalar pressure for dectrons, P, =nKkT,. Consequently, the dectron flux,

—

.=n v, can be expressed as

e e’

]

r=ri+r, @
where Fto isthe classical drift-diffusion flux and Fel is the contribution of the magnetic field. These
terms detail as:

I =~ E~0(D,n,) 3

Mi=ToxQl fi, Q)
with u, =e/m,f.. the dectron mobility, D, =KT,/m,f  the eectron diffusion coefficient,

5(; =eB/ m, the angular cyclotron ve ocity and e the d ementary charge. Dueto the axial symmetry,

acylindrical coordinate system is used. The € ectric and magnetic fie ds present only radial and axial
components and the plasma is supposed to be axially symmetric. Thus, the classical drift-diffusion

flux has only two components, I% and 2, while T'L has thres, since the dectric drift E x B

induces the angular one. From the combination of the equations (2) and (4), F9i can be expressed as.

ER T (= X W

1 — -
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Solving fluid equations requires some boundary conditions. For the charged particles these

conditions are imposed for the fluxes. All the fluxes paralld to any eectrode in the discharge are

zero. In the absence of a magnetic field, the normal dectron flux to the cathode is given only by the

secondary d ectrons issued by ionimpact on the surface

Fe =-ur, (6)
with y the coeffident of the secondary electron emission and '~ the normal ion flux incident to the
cathode. If amagnetic fidd is present, the cathode boundary condition changes, according to relation
(2),in

ro=rd2+rk, (7)

where " is given by (6), while I';" can be calculated from (5), resulting thus
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Qg
re' =-yr’ (PWJ =Voali 8)

The two directions, paralld and perpendicular, are defined with respect to the cathode
surface. The influence of the magnetic field on the ion flux is neglected because the ion cyclotron
giro-radius, which is the order of several cm, is much larger than the thickness of the cathode fall,
limited & afew mm. In the equation (8) was introduced a new coefficient, je,

Qg
Vo = V|1 . 9)

f2+Q2

While y isameasure of al secondary d ectrons emitted by ion bombardment of the cathode,
We 1S an effective coefficient corresponding only to those secondary dectrons which remain in the
discharge, excluding the dectrons recaptured by the cathode. This net coefficient is the one which
really counts for both the breakdown and sdf-sustain mechanism of the discharge. The rdation (9)
reveals the dependence of 7.« On some discharge parameters. The tota momentum transfer
frequency for eectron — neutral collision f,e depends on the gas nature and pressure, while angular

cyclotron vel ocity vector 56 contains the dependence on the magnetic fid d strength. The difference

baween the net coefficient, 4, and the ion induced one, ), can be expected to vanish with the
increase of the pressure due to d ectron-neutral collisions and a so if the magnetic field lines become
perpendicular to the surface.

Dueto its helicoidd tragjectory around the magnetic field lines, a secondary € ectron leaving
thetarget can return to the surface in the regions where the magnetic field lines are not perpendicular
to the cathode Then, it can be reflected or captured by the surface. It is noteworthy mentioning that
the possible reflection of the eectrons to the cathode is not included in relaion (9). Thus, al the
dectrons returning to the cathode are considered recaptured. In the expression (9) they are
represented by the negative fraction in the parenthesis. As shown in the previous works [2,6,7], the
reflection coefficient of the eectrons, R, is not negligible. In our case, if a non-zero reflection
coefficient is considered, it must be applied only to the returned el ectrons. In this case, the net flux

of dectrons, 'Y, injected into the discharge increases and the effective coefficient yq becomes

o7 (- R)] : (10)
3. Results

Due to the cylindricd symmetry of the DC planar magnetron considered, a 2D (r,2)
treatment is sufficient. Numerical cal culations were performed in Argon. The linear dimensions of
the discharge are Ryax = Zmax = 26.95 mm. The cathode is a metallic disc (ren = 16.5 mm) and the
magnetic fieddd map in front of it was obtained according to [8] (Fig. 1). The length of the plotted
vectorsis scaled by InB. At the cathode surface, at r = 9.5 mm, the magnetic fidd strength is about
750 Gauss and it axially decreases to several Gauss in about 12 mm. For p = 20 mTorr, Ta = 350 K
and Veanh =550 V, plasmatorus of the negative glow is aso figured, the darkest zone corresponding
to the highest density.
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Fig. 1. Magnetic field map in front of the cathode (axial cross section).
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Further, the results concerning the spatial variation of ¢ and the manner it is influenced by
the gas pressure, magnetic field strength and the reflection coeffid ent of the e ectrons on the cathode
surface are presented. In Fig. 2, the net coefficient of the secondary € ectron emission yn/y; and the

dectron flux & the cathode I',' are plotted for different reflection coefficients, R = 0, 0.25, 0.5,
keeping constant theincident ion flux, I~ . Both fluxes are normalised to the peak val ue.
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Fig. 2. Radid dependence of theratio yne/yi, normalised ion (™) and eectron (I'y') fluxes
at the cathode: @) R=0; b) R=0.25; c) R=0.5.

As shown in Fig. 1, the magnetic fidd strength varies radially both in magnitude and
direction. According to equation (9), it induces a spatia dependence for yne (See Fig. 2d). This fact
has an immediate influence on the flux of the secondary d ectrons. Sincethey are not affected by the
magnetic fidd, the ions are directly accelerated to the cathode, with their maximum flux
corresponding to the maximum of plasma density, a& aradia position about 9.5 mm. In contragt, the
maximum flux of the secondary electrons does not correspond to the region where the ion flux is
optimal. It can be observed that the most part of the electrons is not injected into the dischargein the
region of the maximum ion flux, where the magnetic fied lines are paralld to the cathode, but on the
both sides of it, where the magnetic field lines are close to the normal to the cathode (Fig. 2a). Inthe
area where the magnetic field is pardld to the surface many secondary dectrons return to the
cathode and their contribution to the dischargeis controlled by the reflection probability (Fig. 2b,c).
This probability is considered around 50% by some authors [7]. Our cd culation is made be ow this
value. Obvioudly, the reflection coefficent, R, states the minimum of the ratio e/ y. Increasing R,
the secondary dectron flux shapey approaches to the ion flux, which is an expected result. Fig. 3
presents the influence of the magnetic fidd strength on the y,«. For a constant gas pressure of
20 mtorr, areflection coefficient R = 0.5 and for the same fidd map as in Fig. 1, only the magnitude
of the magnetic field was modified. B, is the magnetic fiedd matrix having the values described
above.
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Fig. 3. Radial dependence of theratio yne/y; & several Fig. 4. Radia dependence of the ratio yne/y; a
magnetic field strength. several gas pressures.
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For the discussed conditions, the ratio f,./Q, is much smaler than 1, inducing a small

difference between the three curves. In this case, the variation of B or p does not affect more than
1% of the net coefficient y«. Keeping constant the magnetic fidd matrix By and changing the gas
pressure in the range of 5-30 mTorr no change was noticed for pe. Anyway, to illustrate that the
pressure can d so modify the secondary dectron emission coefficient, the radial dependence of e is
plotted in Fig. 4 for a reduced magnetic fied (By/10) and the gas pressure varying between 5 and
30mTorr.

4. Conclusions

This paper presents some aspects about the process of the secondary € ectron emission at the
cathode of a magnetron discharge. Due to the presence of an inhomogeneous magnetic fied to the
surface, not all the secondary el ectrons areinvolved in the discharge balance. Their active fractionis
given by a na coefficient of the secondary emission, . This coefficient depends on the gas
pressure, on the magnetic fidd strength and on the reflection probability of the eectrons on the
cathode surface The first two dependences result from the imposed boundary conditions for the
fluxes of the charged particles in abi-dimensiond time-dependent fluid model. It is remarkabl e that,
in our work, the effective coefficient results directly from the model, without other external
parameters except dectrons reflection on the electrodes. The effect of the pressure and of the
magnetic fiel d with respect to each other is significant only if the total momentum transfer frequency

for electron — neutral collision f_, and the eectron cydotron giro-frequency Q. have the same

order of magnitude. The inhomogeneity of the magnetic field determines the spatia variation of the
ne secondary emission coefficient, with a minimum va ue in the region where the magnetic fidd
lines are pardld to the cathode, corresponding to the maximal plasma density. The minimum value
of ye iscontrolled by the refl ection probability of the electrons on the surface.
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