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Abstract

In EHD processes, nozzle design is critical in controlling the spray initiation and spray.pattern
Usingfinite element software, we can examine the electric potential and electric fields generated
by our nozz¢ design as well as track droplet paths in vacuuater, adjustments can be added

to account for operation in atmospheric conditiofi$is allows more advanced nozzle designs

to be examined and iterated on before their construcBaming significanttime in the
development and testing of new nozzle desidinalso affords us the ability to examine how
changes in electric potential affect the spray pattern on the wafer.

Importance of the nozzle shape

In EHD processes, the design of the nozzle is thetnmportant factor in building aBHD

chamber Factors that need to be considered include the length, inner and outer diameter of the
tube delivering thdluid, aswell as the support materials, tube housing and elements involved

with shaping and directg the spray. All of these factors come together to affect the local
electric field at the nozzle tip where the Taylor cone foramglthe electric field strength and

direction along the path of theEHD droplets toward the wafeAccurate modeling of the
electrostatic fields in and around the nozzle allow us to tailor the nozzle design to control the
fields at the nozzle tip, which will determine theiDdr opl et 6 s char ge and si
design elements to focus and accelerat&thB dropletdowardsatarget.

Capabilities of the Modeling software

The software used to design the nozzle and all field shagérgents is fronfield Precision

LLC (Albuguerque, NM) This is advanced finite element software for modeling electromagnetic
fields and for chrged particle tracking. It features a CAD interface for loadiragvings of parts

into the software for complete electromagnetic field analysis. Due to the radial symmetry of our
nozzles, we are currently using thd2electrostatics package and the mdetiracking package.

The software package allows for all elements to be assigned a dielectric constant and for electric
potentials to be specified for the elements that are connected to voltage sdle@=s) then
generate electric potential curves, #lecfield lines, and track the path of charged particles,
including particleparticle interactions. Field, potential, and particle paths can be output and
graphed in a variety of ways, depending on the needs of the user. It is even possible to import the
results into a variety of other programs, such as Ma(lMdthworks, Inc., Natick, MA) for

greater customization of modeling results.

Design ofcleaning nozzle with extractor

The basic design of thrglicon wafercleaning nozzle with an extractor is givienfigure 1.The
EHD nozzle is made from chemically inert tubing (typicaP®FE or fused silica), and is
enclosed in a stainless steel jacket that is designed to allow a neutral sheath gas to flow through it
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and around the spray. The extractor stanless steel cap with a hole to allow the spray to go
through it. The extractor is set to a potential that is below the potential of the liquid to control the
path and velocity of the EHD droplets. This allows a droplet velocity to be set that isnddepe

of local charging or fields on the wafer surface. Typical extractor voltages range between a 0V
ground to-500V. The EHD liquid is usually set in a range between 2.5 kV to 20 kV.

Gas Sheath Tube

-~

T Electrospray Tube

PTFE Mount for Extractor

Extractor

Materials:
PTFE - Yellow
Stainless Steel — Gray
EHD Fluid - Red

Figure 1. Crosssectional viewof the EHD nozzle and extractor

Utili zation of the Field Precsion software for nozzle design

Figures 24 show how different configurations of the spray nozzle and extractor can be modeled
to examine theeEHD pattern on a wafer in vacuurin these figures, the value of the electric
potential n free space is denoted by the different colors, with red being the highest potential and
violet being the lowest potential. Inside tR€FE this is a grayscale with white being the highest
and black being the lowest. TE#1D dropletpatls arerepresentethy the white lines emanating

from theEHD tube.
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Figure2. Analysisof theelectric potential and spray path with nozzle tip near the extractofluithés
at 2.5 i/ and the extractor is grounded

Figures 2 and 3 demonstrate two differennfigurations regarding the position of the spray
nozzle in relation to the extractor. In the first case the nozzle is much closer to the extractor. As
would be expected, the case of the closer nozzle results in a wider spray area on the wafer
However, @ interest is the fact that in figure 3, it shows that we are still losing a significant
portion of our spray inside the extractor mount and that the spray is not being concentrated to the
front of the extractor and exiting to the wafer. This is mainlytduée low dielectric constant of

PTFE allowing the field to penetrate the sides of the mount to reach the extractor through the
PTFE
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Figure3. Analysis of the electric potential and spray path with nozzle recessed away from the extractor. The
fluid is at 2.5 K and the extractor is grounded.

Finally, in figure 4, we can see how our spray pattern for the configuration in figure 3 (the
recessed nozzle) changes when we change our extractor voltage. As we switch from a zero
voltage ground td 1000V, wesee that once the spray exits past the extractor the spray begins to
diverge and covers a larger area on the wafer. Thus the modeling allows us to examine how we
can change our spray pattern without performing any physical changes in the nozzle and
extracbr configuration.
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Figured. Analysis of the electric potential and spray path with nozzle recessed away from the extractor.
Thefluid is at 2.5 K and the extractor is at kV.

Summary

In designing and creating EHD spray nozztésg, use oimodeling software allows for fast and
flexible control of the design parameters with outputs that are easy and intuitive to understand. In
addition to allowing us to test our designs before the machining process begins, it also allows a
larger understandg of how changing potentials on ofluid and extractor affecthe spray
pattern and droplet velocity on the wafer. This in turn allows us to fine tune our spray parameters
in the lab to enhance our cleaning efficiency.
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