I, Rachel J. Watters, am a librarian, and the Director of Wisconsin
TechSearch (“WTS”), located at 215 North Randall Avenue, Madison Wisconsin,
53706. WTS is an interlibrary loan department at the University of Wisconsin-
Madison. I'have worked as a librarian at the University of Wisconsin library
system since 1998. I have been employed at WTS since 2002, first as a librarian
and, beginning in 2011, as the Director. Through the course of my employment, I
have become well informed about the operations of the University of Wisconsin
library system, which follows standard library practices.

This Declaration relates to the dates of receipt and availability of the
following:

Fischl, DS et al. "Etching of tungsten and tungsten silicide
films by chlorine atoms." J Electrochem Soc: Solid-State
Science and Technology, v. 135 n. 8, August 1988, p. 2016-

2019

Standard operating procedures for periodicals at the University of

Wisconsin-Madison. When an individual issue of a periodical was received by the

Library, it would be checked in, stamped with the date of receipt, added to library
holdings records, and made available to readers as soon after its arrival as possible.
The procedure normally took a few days or at most a few weeks.

Exhibit A to this Declaration is a true and accurate copy of the Journal of the
Electrochemical Society, Volume 135 Number 8, from the University of

Wisconsin-Madison Library collection. A date stamp on the cover of this copy

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.

1



https://www.docketalarm.com/

indicates that this issue of Journal of the Electrochemical Society, published in
August 1988, was received by the Kurt F. Wendt Library, College of Engineering,
University of Wisconsin, on August 12, 1988.

Based on the information in Exhibit A, it is clear that the journal issue was
received by the library on or before August 12, 1988, catalogued and available to
library patrons within a few days or at most a few weeks after August 12, 1988.

[ declare that all statements made herein of my own knowledge are true and
that all statements made on information and belief are believed to be true; and
further that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both,

under Section 1001 of Title 18 of the United States Code.

Date: June 8, 2016 /%&/%%VD‘E—\

Rachel J. WAtters
Wisconsin TechSearch Director
Wendt Commons Library
215 North Randall Avenue
Madison, Wisconsin 53706
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Etching of Tungsten and Tungsten Silicide Films by
Chlorine Atoms

D. S. Fischl,*' G. W. Rodrigues,” and D. W. Hess**

Department of Chemical Engineering, University of California, Berkeley, California 94720

ABSTRACT

Thin films of tungsten and tungsten silicide were etched both within and downstream from a Cl, plasma discharge at
200 mtorr pressure and temperatures below 150°C. When samples were positioned downstream from the discharge, etch-
ing proceeded solely by chemical reaction of the film with chlorine atoms. Without a discharge, molecular chlorine did not
etch tungsten or tungsten silicide. Downstream and in-plasma tungsten etch rates were approximately equal at 110°C, but
the chlorine atom etch rate dropped more rapidly than the in-plasma etch rate as temperature decreased. The chemical re-
action between chlorine atoms and the tungsten film was proportional to the gas phase Cl atom mole fraction. A pretreat-
ment consisting of either a dilute hydrofluoric acid dip or a short plasma etch cycle was necessary for atom etching of
tungsten silicide films. The etch rates of tungsten silicide in Cl, plasmas were approximately an order of magnitude higher
and less temperature sensitive than those in the downstream (atom) configuration.

The patterning of tungsten and tungsten silicide for mi-
croelectronic circuits has been accomplished by a variety
of halogen-based dry processing etching techniques (1-8).
Publications on the patterning of these materials using
chlorine have only summarized the effects that the process
parameters have on the anisotropy, etch rate, and selectiv-
ity (5). The limited results suggest that the etch rate of
tungsten is related to the concentration of chlorine atoms,
Cl, produced by either laser irradiation (8) or gas-phase
electron impact dissociation (5) of molecular chlorine, Cl,.
However, the etching process was controlled empirically
and thus is not based on a fundamental understanding of
the etching mechanism.

Control of thin film etching processes during microelec-
tronic device manufacture is often difficult. In large part,
the difficulties arise from the complexity of RF glow dis-
charges, coupled with plasma-film interactions. One
method of simplifying the etch chemistry of these pro-
cesses is to utilize an upstream discharge to generate reac-
tive atoms for etching. Since ion, electron, and photon
bombardment are absent in this configuration, the pure
atom etch chemistry can be studied. Comparison of down-
stream etching with in-plasma or discharge etching then
generates insight into the role of the plasma. Furthermore,
such investigations yield fundamental information con-
cerning atom reactions with materials. In this paper we
present results on the chlorine atom etching (downstream
or flowing afterglow reactor configuration) and Cl, dis-
charge etching of tungsten and tungsten silicide thin films.

Experimental

The reactor used for plasma etching (in the discharge)
has been described in an earlier publication (5). The flow
reactor was modified for atom etching by connecting a dis-
charge and flow tube upstream from the etching reactor. A
schematic of the system can be found in Ref. (9).

An upstream RF discharge was used to dissociate Cl;
molecules into Cl atoms, which then passed through a
flow tube into the reactor where they reacted chemically
with tungsten or tungsten silicide samples without the in-
fluence of the discharge. Power was supplied by a Tegal

*Electrochemical Society Student Member.
**Electrochemical Society Active Member.

Corporation 300W RF generator and matching network to
the upstream discharge via two 1.0 cm wide copper bands
that were placed around the 3.8 cm diam quartz discharge
tube. Spacing between the bands was 1.0 cm. A metal box
enclosed the discharge area to ensure RF shielding and to
facilitate forced air cooling of the tube. The 3.8 cm diam
Pyrex flow tube contained two 90° bends to prevent light
from the upstream discharge from reaching the reactor
and thus the photomultiplier tube. The flow tube was
coated with Halocarbon Corporation 1200 wax to minimize
recombination of Cl atoms. The tubes and reactor were
connected using MDC Corporation glass to metal Kwik-
Flange adapters.

Samples were placed inside the 2.6 liter Pyrex reactor
chamber on a temperature controlled 2.5 cm diam
anodized aluminum rod that served as the lower electrode
for plasma etching experiments. Rod temperature was var-
ied from 25° to 150°C using heating tape and an Omega En-
gineering Incorporated Model 650/660 controller. In order
to reduce the surface area for atom recombination and
thus increase the atom concentration at the sample sur-
face, the upper electrode was removed during tungsten
atom etching experiments.

Molecular and atomic chlorine traveled approximately
60 cm from the discharge section to the sample location.
The chlorine flow rate was controlled by a needle valve
and measured with a rotameter. Vacuum was provided by
a liquid nitrogen cold trap and a Busch Corporation Lotos
corrosion resistant mechanical pump. The pressure in the
reactor (200 mtorr) was established by a throttling valve at
the exit from the reactor and was monitored by a capaci-
tance manometer.

The gas phase chlorine atom concentration at the posi-
tion of the sample was measured by titration with nitrosyl
chloride (10-13). The NOCI titrant (Matheson) entered the
reactor approximately 7 cm upstream from the sample lo-
cation through a manifold to disperse gas evenly through-
out the flow cross section. Flow rate was regulated by a
needle valve and measured with a Tylan FM 360 mass flow-
meter. Monel and Teflon were the materials used for the
NOCI delivery system. A Hamamatsu R1928 photomul-
tiplier tube with a Melles Griot 03FIV008 filter was used to
monitor the 550 nm emission (chemiluminescence) result-
ing from the recombination reaction of chlorine atoms (9,
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