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Introduction
While device dimensions are scaled down the shalie@mch
isolation (STI) technology could face with reliatyil problems
related to the impact on electrical behavior of therphology of
the region neighboring active area. Gate wraparafrttie trench
corner and active oxide thinning can cause a humtpé transistor
Id-Vg characteristic [1] and a parasitic conductiomith
degradation in oxide reliability. Aim of this woik to investigate
process parameters that influence this anomalouavibi® in order
to prevent process integration problems from odegriwhile
setting up a new process flow.
Experimental Resultsand Simulation Analysis
The STI is formed by the growth of a thermal paéiexand the
deposition of a nitride layer. A shallow trench, skad with
stacked photo resist/nitride/oxide layers, is eichafter photo
resist strip a liner oxide is grown. This oxidatioeventually
combined with a pad oxide undercut, can achieveaa gounding
of the active area corner and remove the damagsedaby the
trench etching [2]. The trench is then filled by Pibr TEOS-CVD
oxide which is polished down by CMP to expose the of the
nitride, which is then removed by a wet etch. Welle then
formed by ion implantation, followed by residualid removal
and active oxide growth. It is known that the QHldthe active
oxide is improved by the use of a dummy oxide [Bjven after
nitride removal. Historically this dummy oxide wadroduced to
prevent the Kooi effect in LOCOS isolation scheraed it is
supposed to reduce also the process related §leS® perform
our investigation large area capacitors as weledge intensive
structures on both n- and p- substrate were used.
Looking at the TEM cross section of an active a&dge (fig.1 left)
obtained using a non-optimized process, we obsemnariation of
active oxide thickness, due to different surfaceerdation and
stress condition [6]. Moving from the active aresnter to the
corner there is a gradual increase of oxide thisknfollowed by a
local thinning, just where the poly wraps aroune tlench corner.
We have analyzed many technological items thatbeamaried in
order to modify the oxide thickness variation leagio anomalous
electrical characteristics, such as for instanceerlioxidation
process that we found to have a low impact on $iik scheme.
We focused our attention on the role played by dyrmowide and
on the effect of the wet etch used to remove tis&@ual oxide
before the active oxide growth, directly relategtdy wraparound
and hump effect [7].
In fig.1 — right side - a TEM cross section of aivae area corner
obtained with an optimized process is shown. Oxfdening is
reduced; silicon profile is smoother and the dougddpe observed
in fig.1 is absent. Moreover, it is also possildenbtice a different
rounding of the poly/oxide interface that is evabaaby a varied
curvature radius. To achieve this, dummy oxide pdowo be a
sensitive element. The improvements were obtainety @y
changing the type of oxidation from a low thermakfet (non-
optimized) to a high thermal budget one (optimiz@mperature,
time and process ambient were taken into accouigh thermal
budget processes seem to be more effective in gindithe Si
profile during the oxidation and in relaxing theess. Among the
various parameters compared in high and low thermalget
processes, oxide thickness seems to be the lesstanp
Another parameter we investigated was the wet egcherformed
before the active oxide growth. To remove the neidxide, we
use a commercial diluted BOE solution (M#HF/H,O) and in our
experiment we varied the over etch on active ai@a D% to 80%
with respect to the oxide thickness measurement.e¥ected a
variation in poly wraparound as well as a possibtification of
poly-oxide interface profile due to the differettting amounts.
For a non-optimized process the double effect ainihg and
rounding of poly-oxide interface is present, asficored by the
great difference observed between the J(V) chaistits of area
and periphery devices. The
characteristics for negative and positive gate agglt can be

asymmetry between J(V)

explained by an anomalous rounding of poly/oxidéeriiace,
already pointed out in morphological analysis. Arteling current
simulation on a simplified structure is represeritefig.2 (inlet): a
first region has a uniform oxide thickness and-@ate silicon, the
second a thinner oxide with the curvature radiygeasenting the
variable poly/oxide interface shape (values for udations are
derived from TEM sections). A good agreement isntbbetween
experimental data and current simulation for edgeensive
capacitors, as shown in fig. 2. In fig. 3 we shdwe tvoltage
necessary to sustain an injection of 1E-5A/cm2 \\am low and
high thermal budget process: a significant improeenis evident
for both positive and negative injection polaritycieasing the
dummy oxide thermal budget, while the simple inseceof
oxidation thickness is not effective. In fig. 4etimpact of BOE
etches is reported: as expected an increase ofetsiemorsens the
poly silicon wrap around causing a lower Vin on ipleeral
capacitors.

Conclusions

In order to set up a robust STI process and togmtepossible
integration problems, an extensive analysis wasiethrout
regarding the effects of STI steps on processhiéitia For the
STI analyzed process sequence dummy oxide and tebt e
before active oxide growth proved the most effectissues. A
process sequence characterized by high thermalebwdonmy
oxide and a reduced BOE etch was found to achiegebest
morphological and electrical results on elementasst
structures.
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Fig.1-TEM section of non-optimized process (left) @ptimized (right)
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Fig. 2 — J-V characteristics - experimental andusations (peripheral
capacitors).
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Fig.3 — Dummy oxide thermal
budget effect on gate oxide quality

Fig. BOE etch effect on gate
oxidelgy



