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Introduction

This paper will discuss charaderizations on gate
oxide integrity from 300mm diffusion furnaces and
microloading effeds on 30Gnm Etch and CMP todls,
with process techndogy development and equipment
improvements including experimental data and results
from SEMICONDUCTOR300 (a joint venture between
Motorola, Inc. and Infineon Techndogies through
September 2000).

Experimental
300mm Epi wafers were used for the gate oxide

integrity study. The Etch 300nm test wafers consisted
of a45m SiN ARC layer on 800m of BPSG anneded
over slicon, and imaged with a DRAM or logic
pattern. The CMP 300mm test wafer construction
consisted o 800m BPSG-anneded oxde film
overlying a patterned 165m TEOS oxide film,
covered with a 5.5nm liner nitride film to serve & a
delinegion layer during crosssediona analysis, or
overlying a 200mm Cap nitride layer patterned with the
logic pattern.

Results and Discusson

The purpose of this charaderizaion was to gain
an urderstanding of the gate oxide integrity (GOI)
differences on wafers processed in the 300mm furnaces
at SEMICONDUCTOR300 (SC300 — joint venture
between Motorola ad Infineon Tednologies),
compared to similarly processed 200nm wafers, in a
sister fadory. Comparing cgte film quality and GOI
data between different fadlities can be difficult.
Primarily differences in chemicds, processes, toding
and sampling are important, and must be acounted for
in the data. Measurement techniques cannot easily
discriminate  between the individual  charge
components, so total oxide carge is often monitored.
Mercury probing was a technique that was used to
measure the anournt of charge mntained in the oxide.
The GOI measured values were mnsidered to be within
an acceptable range between the 300mm and 200nm
wafer furnaces. The main difference observed was a
large and increasing hysteresis behavior on successve
wafer runs.

Separately, an investigation was done on
incoming particle mntamination levels on the 300mm
Epi wafers used for this gudy. Contamination occurred
in various forms on the wafer and caused unintentional
changes in eledricd properties of the semiconductor
devices. To prevent contamination from affeding
device performance up to 2%% of al wafer
manufadure processng consists of cleaning steps.
From a device standpant, the amount of eledricdly-
adive impurities in oxides must be minimized becaise
embedded impurities attrad or repel free dargesin the
underlying silicon. In most cases, device performance
depends grongly on the mncentration of free dargesin
the silicon. Variations in oxide mntamination usually
introduce unwanted variationsin device performance

A projed to investigate microloading effeds on
the Etch and CMP pdlish processes was undertaken to

identify process ensitivities and interadions with these
operations. This investigation was done by oltaining
data on the microloading effeds from the 300mm
Oxide d@ch and CMP podlish tods and pocesses,
primarily used for DRAM manufaduring at SC300.
Microloading effeds impad various process outputs
including noruniformity on bath processes, etch depth
on Etch processs, and dshing/cusping defeds on
CMP processes. Etch rate uniformity variation from
the wafer's center to edge tend to magnify the
microloading effeds, and contad/via fedures tend to
be most susceptible to these dfeds. CMP
microloading can impad dense and isolated fedures,
and together with processnon-uniformity, are a citicd
conceen on 300nm tools and poceses. Three
different sets of wafers were built to study these
process effeds. These included oxide test wafers for
Etch studies, and two sets of CMP wafers to study
oxide and ritride film padlish effeds. SEM micrograph
crosssediona analysis was used to oltain the data.
The data showed that the standard Etch process
resulted in significant microloading eff eds between the
contad holes and interconred fedures. The dch rate
loss difference was reduced significantly by adjusting
the dch processparameters. For the CMP analysis, an
inspedion was dore on isolated linewidth fedures
where the pdlish stopped on the nitride film. Some
observable oxide dishing a significant erosion d the
nitride lines was observed. On dense linewidths, oxide
dishingwas also variable. The film planarity above the
nitride and oxde surfaces was smilar. Normally, non
optimized CMP processes would produce some dishing
in the oxide film and erosion onthe exposed nitride
surfaces. Comparing the results from the 200mm and
300mm CMP systems indicated that there were only
small differencesin planarity or microloading between
the comparable todls and pocesss. Adjustment to the
CMP processes was dore to minimize these negative
effeds and match the 200mm toal outputs.

Conclusion

The GOl measured values were mnsidered to be
within an acceptable range.  The Etch process
characterization showed significant microloading
effeds between the cntad holes and interconred
fedures. The CMP analysis indicaed that there was
only a small difference in planarity and microloading
between the 300mm and 200nm wafer comparable
toolsand processs.
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