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Abstract:  The purpose of this project was to characterize a mass spectrometer with an ion energy analyzer so it could be

used as a plasma diagnostic tool on commercial semiconductor etching reactors. This investigation of the bulk
ion temperature/residual gas analyzer (BIT/RGA) as a possible diagnostic device emphasized the application
of monitoring ion energies. The document presents the results obtained from the BIT/RGA installed at National
Institute of Standards and Technology (NIST) and those obtained from the system installed at SEMATECH.
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1 Introduction

Ion bombardment plays a crucial role in the anisotropic etching of semiconductor
materials [1]. It has been shown that etching anisotropy and etching rates increase
with increasing ion flux and ion kinetic energy [2]. Generally three processes are
proposed to explain the role of ion bombardment in the etching process [3]:

1) Dissociation of etching gases into reactive fragments may occur preferentially
at defect sites produced by ion bombardment.

2) Ion collisions may cause an adsorbed molecule to dissociate in situations where
this would normally not occur.

3) Ion bombardment may remove monolayers of adsorbed gases thus exposing a
clean surface required for some dissociative chemisorption reactions.

A significant amount of research has been performed over the past 15-20 years to
understand more fully the details of the processes listed above and to quantify the
role of ion bombardment in the etch process. As semiconductor manufacturers work
towards producing chips with 0.25 um size features, the need to characterize and
control the etching process will make it necessary to go beyond our present knowledge
of the mechanisms of ion flux-assisted etching. In order to provide the control required
for the production of future semiconductor devices it has been suggested that methods
must be developed to ensure that bombarding ions exhibit narrow kinetic-energy
distributions and that ion fluxes and mean energies are controllable [4]. The first step
toward meeting these demands is to develop the methods for monitoring bombarding
ion currents and energies, and to determine how these parameters vary with plasma
conditions.

A device under consideration to monitor ion current and ion energy distributions is an
electrostatic energy filter followed by a mass spectrometer. When applied to a plasma
reactor, ions are usually sampled through a small hole in the grounded electrodes.
Coburn and co-workers [5] are generally credited with being the first researchers to
employ this type of device to monitor ions bombarding surfaces exposed to an rf
discharge. They then extended their research to develop a technique for determining
plasma sheath potentials from measured ion energy distributions [6] and to determine
the dependence of ion energies on the frequency of the applied rf voltage [7]. -

Green et al. [8] have utilized an instrument similar to Coburn’s except the ion
energy filter is an on-axis cylindrical mirror analyzer (CMA) [9]. They measured
ion energy distributions for Ar* and ArH* sampled from an rf argon discharge and
observed a broadening of energy distributions with increasing pressure. Ingram and
Braithwaite [10] observed similar broadening of ion energy distributions from argon
plasmas by utilizing a retarding potential analyzer (RPA) but with no mass analysis.
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2 TECHNICAL OVERVIEW

Liu et al. [11] have used a modified RPA to show that momentum transfer scattering
in the sheath is essential to produce ions with a significant velocity component parallel
to the surface under bombardment.

Other researchers have utilized retarding potential analyzers combined with a mass
spectrometer. Thompson and co-workers [12] have reported some of the first
energy distributions measured for halogen-containing gases commonly used in etching
processes. More recently, Toups and Ernie [13] have identified the ratio of the
reactor gas pressure to the frequency of the applied voltage as a critical parameter in
determining the shapes of the ion energy distributions of Ar*.

All of the previously mentioned experiments were performed by analyzing ions that
were sampled through a small orifice in the grounded electrodes of different parallel
plate reactors. In an etching reactor the ions of interest are normally those striking the
semiconductor wafer which is mounted on the powered electrode. Few measurements
have been made of the ion flux striking the powered electrode because of the increased
experimental difficulties caused by the ever-present rf signal. However, recently-
designed experiments have allowed preliminary measurements of the ions striking
the powered electrode. Kuypers and Hopman [14] measured ion energy distributions
at the powered electrode of a cylindrical electrode discharge chamber by utilizing
optical fibers to isolate the ion current signals from the rf voltage. Mannenschijn et
al. [15] performed a similar experiment in a parallel plate discharge by using a low-
pass filter for electrical isolation. Wild and Koidal [16] eliminated the necessity for
the isolation of the ion signal from the rf voltage by reversing the electrical geometry
of the normal parallel plate reaction and by powering the chamber itself with only
a small grounded electrode from which to sample ions. This changes the sheath
potentials such that the grounded electrode behaves as the powered electrode with
respect to ion bombardment energies.

All of these experiments exhibited results in reasonable agreement with each other.
As anticipated the measured distributions were similar to those observed through
the grounded electrodes except the energy ranges were much higher due to the larger
sheath potentials at the powered electrodes. While the measurement of ion energies at
the powered electrode provides information about the energies of the ion flux striking
the etching wafer directly, the electrical complications and the lack of mass analysis
presently make these techniques unfeasible for application on commercial reactors.

2 Technical Overview

2.1 Introduction

The basic goal of this project was to characterize a mass spectrometer with an ion
energy analyzer such that the instrument could be used as a plasma diagnostic tool
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