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Processes that use energetic ions for large substrates require that the time-averaged
erosion effects from the ion flux be uniform across the surface. A numerical model has
been developed to determine this flux and its effects on surface etching of a
silica/photoresist combination. The geometry of the source and substrate is very similar to
a typical deposition geometry with single or planetary substrate rotation. The model was
used to tune an inert ion-etching process that used single or multiple Kaufman sources' to
less than 3% uniformity over a 30-cm aperture after etching 8 pm of material. The same
model can be used to predict uniformity for ion-assisted deposition (IAD).

In Fig. 1 an ion source is placed in some
arbitrary location and orientation. The total ion

beam flux seen by a point on a substrate at some | g, /

radius r from the center can be approximated | P&
by-
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where I(¢, r) is the ion flux intensity determined
at point ¢, r and R(¢, r) is the sputter yield at the
same point. R is actually a function of a single
variable, the incidence angle of the ionz, but
both ¢ and r are required to determine this -
angle. In reality, point P will see a range of y
incidence angles due to the broad nature of the e
source. Here, a point source is assumed using -
thc? .top c'enter of the ion-sgurce grid as thp Figure 1. Geometry of the ion source and
origin of ions, and a single incidence angle iS gyhstrate.

used for the approximation. The example in the

diagram shows a simple single rotation of the substrate. A more complex double rotation
(planetary) can also be modeled. In this case the point P traces out an epicycloid instead
of a circle.

The model described by Eq. (1) can be broken down into three major parts:

(1) Summation and Location Routine: simulates position of a point on a substrate, finds
all position and angular parameters, and integrates the calculated flux through some
amount of substrate rotation,
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(2) Expression for I(¢, r): a model for the expected ion flux that is determined from
measured values of the ion source, and

(3) Expression for R(¢, r): a relationship between the incident ion angle and energy and
the sputtering yield (or etch rate) of the substrate. This also must be determined
experimentally.

The model for I(¢, r) assumes a rotational symmetry of ion density about the axis normal
to the ion-source grids.3 This is a reasonable assumption if the discharge chamber in a
hot-cathode source is maintained and cleaned regularly. At a given height above the
source, the data can then be fit to a 1-D super-gaussian equation

e
r=c¢

I=a+ be( ) , : @
where [ =ion flux/area for a given r

a = dc offset (usually set to zero)

b = amplitude factor at r =0

¢ = offset for r (set to zero for well-centered beams)

d = width factor

e = shape factor
The factors b, d, and e all vary with the height above the source. In practice the beam
profile is measured at various heights and each profile is fit to Eq. (2). Then, the values
found for b, d, and e at various heights are fit to curves using a commercial curve-fitting
program. The resulting equations and associated coefficients can then be written into a
concise code for modeling. Some results of the measured values and the model are given
below in Figs. 2a and 2b. The values are for a 16-cm Kaufman source operated with a
beam voltage of 300 V and a total current of 250 mA.
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Figure 2(a). Ion flux measurements of a 16-cm ion Figure 2(b). The gaussian model found for the
source at different heights above source. measurements of the 16-cm source at right.

The expression for R(9, r), the etch rate as a function of ion incidence angle, was also
determined experimentally. Small silica plates with binary photoresist patterns were
mounted on miniature rotation drives with the axes set at 20°,30°,40°,50°,60°, and 0° to
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the beam axis. The center of -each substrate was placed on a circle, and the entire
assembly was rotated about the circle. Thus, with the ion source on-axis, the ion etch rate
for silica and photoresist could be determined simultaneously for six incidence angles by
measuring step heights and photoresist thickness. Data was obtained for different
operating source parameters and photoresist preparation processes. The normalized data
from these experiments was fit to a polynomial of the form y = l+n92+062'5+q63. The two
materials did etch at different rates but appear to follow the same curve.

Typical results from the full model are shown in Fig. 3. The array of curves demonstrates
the effect on uniformity of moving the source on a radial path away from the substrate.
The source axis is at 40° with respect to the substrate axis, and the source is pointed
away from the center. The program also tracks total current for the starting point, which is
used to determine the efficiency of a given geometry. Figure 3 shows that a uniformity of
better than 7% could be achieved with careful pointing of the source. In practice, etch
uniformity of less than 2.5% was measured, and in production of 60 30-cm optics,
uniformity was kept below 6%.
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Figure 3. Integrated ion flux as a function of radius across a substrate. Several curves show the
effect of moving the ion source away from the substrate center. The source axis is 40° from vertical
and is pointed about 10 cm away from center.
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