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Energy and Angular Distributions of lons and
Neutrals Extracted From a Slot in Contact
With a High-Density Plasma

Doosik Kim and Demetre J. Economou

Abstract—The energy and angular distributions of ions calculated, but only a dc case is shown below. Results were vi-
and neutrals extracted from a two-dimensional slot in contact syalized on a Dell workstation running Windows NT by using
with a high-density Ar plasma were investigated. A combined Tecplot (Amtek Engineering, Inc., Bellevue, WA).

fluid/Monte Carlo simulation was developed to follow the tra- Th ified ol h b d f
jectories of ions and fast neutrals through the sheath and out e specified plasma parameters at the upper boundary o

the slot. The energy and angular distributions reflect the strong Fig. 1(a) were: electron temperatufeé = 3 eV, ion density
disturbance of the sheath when the slot size is comparable to the n, = 2.59x 10'® m—3, and potentiakb, = 20 V. The wall

sheath thickness. (blackened block) was grounded, and the background Ar gas
Index Terms—Fluid/Monte Carlo simulation, plasma molding, pressure and temperature were set at 20 mtorr and 580 K
sheath simulation. (0.05 eV), respectively. The bottom of the domain (dashed

line) was also set at ground potential, while both sides were
LASMA interaction with an opening occurs in ion ex-Symmetry pIane;. The slot width and _thickness were 508 and
traction through a grid [1], in applications ranging frorr?54l pm, respectively. The sheath thickness (defined as the
thin-film etching and deposition to neutral beam sources aR@Sition where the relative net charges (n,—n.)/n; = 0.01)
ion thrusters. Also, in MEMS fabrication, the plasma ofte#as found to be~500 um, which is comparable to the width
interacts with features that are comparable to, or larger th@hthe opening. As a result, there is significant disturbance
the local sheath thickness. In such circumstances, plasf{alne plasma near the opening (Fig. 1). The ion density
“molding” over the opening or the feature influences therofiles [Fig. 1(a)] show the presence of “ears” right behind
energy and angular distributions of energetic ions and neutrHI§ OPening, reflecting the divergence of the ion trajectories by
impinging on the substrate. In this work, plasma molding ovéhe horlzc_)ntal electric field [Flg._ 1(b)]. The ion density behind
a two-dimensional (2-D) slot was investigated computationalff)® Slot is one-order-of-magnitude smaller than the “bulk”
with a combined fluid/Monte Carlo simulation. value. The electric field is higher near the upper corners of
The compressible fluid equations for ions (momentum arl@€ Slot (@s opposed to the downstream corners) where the
species balance) coupled with Poisson’s equation for the el§farge density is higher. The strong horizontal component of
tric potential, and Boltzmann’s relation for the electron densiff€ electric field is evident from the vector plot in Fig. 1(b).
were employed. A finite-difference scheme using the donor cdIliS is due to a “hole” in the potential profile [also Fig. 1(b)]
method was implemented to solve the ion continuity and m8Wing to the fact that the slot opening is comparable to the
mentum equations. At each time step, Poisson’s equation V§51§ath thickness. Wlthn_w thg slot, the ho_rlzp_ntal electrl_c field
solved to update the electric potential profiles. The simulatidp Stronger than the axial field over a significant fraction of
evolved until a steady state was achieved. Based on the eféi& Slot width. Thus, ion trajectories can be strongly deflected
tric field profiles obtained by the fluid simulation, trajectories ofVith ions striking the vertical walls of the slot at relatively
ions and fast neutrals (resulting by charge exchange or ion néjg9€ angles. o
tralization on the walls) were followed in order to calculate their Fig- 2 depicts the energy and angular distributions (log scale)
energy and angular distributions. During their transit, ions coufdd ions [Fig. 2(a)] and fast neutrals [Fig. 2(b)], calculated by
suffer elastic scattering or charge exchange collisions with tonte Carlo simulation, sampled at the bottom of the domain
background neutral gas. Collisions with the wall were treated kshed line in Fig. 1(a)]. The ion energy is around 20 eV, equal
specular reflections, with an energy loss calculated based on {éhe sheath potential. The energy spread is due to the energy
binary collision approximation [2]. When an ion collided withdistribution of ions entering the sheath [3] (of the ordef/bf.
the wall, the ion was neutralized and the resulting hot neutfdie to the low gas pressure and the short transit time, ion flow
was followed through. Both dc- and RF-modulated cases wdsenearly collisionless. The angular distribution of ions is also
shown in Fig. 2(a). The peak on axis corresponds to ions trav-
. . . _ eling on or around the plane of symmetry; these ions are not
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Fig. 1. lon density (a), and potential distribution (b), near a 2-D slot. Electric field vector is also shown in Fig. 1(b). The slot widtps.50& blackened
block represents the solid electrode. The dashed line at the bottom of (a) is the position where the distributions of Fig. 2 were recorded.
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Fig. 2. Energy and angular distributions of ions (a), and fast neutrals (b) recorded at the position of the dashed line of Fig. 1(a).

In contrast to ions, the energy distribution of fast neutrals In conclusion, when the sheath thickness is comparable to the
[Fig. 2(b)] is wide. The vast majority of neutrals are formed bppening size, the angular distributions of extracted ions and fast
ions neutralized on the side (vertical) walls of the slot. Sindeeutrals reflect the significant disturbance of the plasma near
the energy of the emerging neutral depends on the impact ar@A@ opening. Distributions from RF modulated plasma potential

of the parent ion, and ions strike the sidewall at varying ag"oW richer behavior, due to periodic collapse of the sheath into

gles, awide energy distribution of neutrals results. Fig. 2(b) suttg—e slot.

gests that most neutrals result from ions striking the sidewalls at REFERENCES

smaller angles (most strongly affected by the horizontal fields).[1] H. R. kaufman and R. S. RobinsoRandbook of Plasma Processing

lons striking at these smaller angles (with respect to the normal  Technology S. M. Rossnagel, J. J. Cuomo, and W. D. Westwood,
. . . . Eds. Park Ridge, NJ: Noyes, 1990.
on thevertical sidewall) loose a larger fraction of their energy, (21 ; Haris,Gas-Surface Interaction<. T. Rettner and M. N. Ashfold,

and the resulting neutrals populate the lower energy, larger angle  Eds. Cambridge, MA: Royal Society of Chemistry, 1991.

; : : [3] K.-U. Riemann, “Kinetic theory of the plasma-sheath transition in a
(with respect t(_) n(_)rmal (?n thbon_zontal collecting surface), weakly ionized plasma,Phys. Fluids vol. 24, no. 12, pp. 2163-2172,
segment of their distribution function. 1981.



	Index: 
	CCC: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	ccc: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	cce: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	index: 
	INDEX: 
	ind: 
	Intentional blank: This page is intentionally blank


