Effect of quartz window temperature on plasma composition during
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ABSTRACT

An etch-stop phenomenon taking place in Cl,/O,/N, plasma was investigated by means of the actinometry technique as
well as using PlasmaVolt and PlasmaTemp in-situ sensor wafers from K-T promesys of KLA Tencor. The temperature
of TCP quartz window was determined to increase from 50°C to more than 100°C during sequential plasma processing
that in turn induces a plasma composition change. Based on the optical spectra a 20% increase in both atomic [O] and
[C1] concentrations was determined to take place in Cl,/O,/N, plasma used for STI etching. Performing experiments on
the blanket wafers the dependence of the etch-stop on O,-flow, pressure, TCP power, wafer temperature and quartz
window temperature was determined. The values of RF voltage and temperature were measured locally at different
positions on the wafer surface providing additional information about plasma homogeneity. Finally, the results are
discussed in terms of the well-known recombination model considering the increase of [O] concentration results in the
etch stop in the middle of the wafer.
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1. INTRODUCTION

As the semiconductor industry continues to scale down the dimensions of integrated circuits (ICs), wafer-to-wafer
reproducibility becomes a major concern in etching processes.' High aspect ratio anisotropic etching of silicon is used
for fabrication of shallow trench isolation (STI), which is a crucial step in production of VLSI devices.” Reactive ion
etching based on the gas mixture of oxygen and chlorine allows meeting the strict STI requirements (high aspect ratio,
precise control of sidewall smoothness and slope 75°-85°). The chlorine radicals react with Si with formation of
relatively volatile SiCl, molecules. The oxygen passivates the Si surface and protects the feature sidewalls by chemically
stable SiO, layer. The SiO, layer formed at the feature bottom is destructed by ion bombardment and does not deteriorate
the etch process.

However, formation of continuous SiO, protective layer in the presence of etching gases has a non-trivial behavior. If the
oxygen concentration in O,/Cl, mixture exceeds a certain critical value, the etch process is completely stopped and the
SiO, layer covers the Si surface. In STI etch, the oxygen concentration must be close to this critical point to provide
efficient protection of sidewalls. This is the reason why even small deviation of the gas phase concentration of active
radicals leads to unwanted phenomenon of etch stop spot formation in the wafer center. To the best of our knowledge,
the mechanism of the etch stop spot formation has not been completely understood so far.

The process drifts during the etching of few wafers was observed by many authors.****”* All of them proposed the
similar explanation for this phenomenon: contamination of chamber walls during the etching that changes the surface
recombination probability (e.g. chemical plasma composition). We have observed that not only walls contamination
could result in process drift.

In this work, we used Cl,/O,/N, mixture that is commonly used for STI silicon etching. During the etching of a batch of
25 wafers in a high-density transformer coupled plasma (TCP) etching reactor, etch stop spot formation is observed in
the center of wafer starting from the 14™ wafer. At the edge of the spot is a zone of high roughness, known as “black
silicon”, and at the edge of the wafer there is a standard etching zone (Figure 1). All parameters were found to be stable
during the process except the quartz window temperature (QWT). The quartz window is located on the top of the
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chamber, it has diameter of 50 cm and thickness of about 4 cm (Figure 2). The edge of the quartz window is kept
constant at 60°C while the temperature in the center is floating as detected by a temperature sensor installed in the
middle of the window. The QWT increases with wafer number and can change from 47°C to more than 100°C. The etch
stop is observed when QWT is becoming higher than 83°C.
Since the etch stop spot formation depends on QWT, it is reasonable to assume that the etch stop can be related to

1) temperature gradient on the wafer and/or

2) concentration gradient of active species in the plasma.

The goal of this research is to clarify exact reasons of the etch stop phenomenon.

spot formation

Fig. 1 Cross section SEM pictures showing: a) the etch stop in the wafe cenr ad b)the “black silicon” ne at the edge of the etch
stop spot.
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Fig. 2 LAM 2300 Versys Kiyo chamber scheme.
2. EXPERIMENTAL

The experiments were carried out in the etch reactor LAM 2300 Versys Kiyo with three kinds of blanket samples: SiO,
on Si, poly-Si/SiO,/Si and mono-Si 300mm wafers. The chamber walls with ceramic coating and the bottom electrode
temperature were kept at 60°C. The backside He flow producing 8 Torr backside He pressure was used to keep the wafer
temperature close to the temperature of the bottom electrode. The wafer temperature and RF voltage were measured
locally by PlasmaTemp™ and PlasmaVolt™ sensor wafers, respectively, from K-T promesys of KLA Tencor. The
PlasmaTemp sensor wafer has 42 detectors located on the surface of 300 mm carrier wafer. It allows data collection with
frequency of about 1 Hz and provides a wireless transfer of the data after the experiment. The PlasmaVolt sensor wafer
has similar characteristics but 7 detectors that is why the frequency of the data collection can be set to 3 Hz or higher
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