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ABSTRACT

Shallow trench isolation (STI) is the mainstream CMOS isolation
technology. It uses chemical mechanical polishing (CMP) to re-
move excess of deposited oxide and attain a planar surface for suc-
cessive process steps. Despite advances in STI CMP technology,
pattern dependencies cause large post-CMP topography variation
that can result in functional and parametric yield loss. Fill inser-
tion is used to reduce pattern variation and consequently decrease
post-CMP topography variation. Traditional fill insertion is rule-
based and is used with reverse etchback to attain desired planariza-
tion quality. Due to extra costs associated with reverse etchback,
“single-step” STI CMP in which fill insertion suffices is desirable.

To alleviate the failures caused by imperfect CMP, we focus on
two objectives for fill insertion: oxide density variation minimiza-
tion and nitride density maximization. A linear programming based
optimization is used to calculate oxide densities that minimize ox-
ide density variation. Next a fill insertion methodology is presented
that attains the calculated oxide density while maximizing the ni-
tride density. Averaged over the two large testcases, the oxide
density variation is reduced by 63% and minimum nitride density
increased by 79% compared to tiling-based fill insertion. To as-
sess post-CMP planarization, we run CMP simulation on the layout
filled with our approach and find the planarization window (time
window in which polishing can be stopped) to increase by 17% and
maximum final step height (maximum difference in post-CMP ox-
ide thickness) to decrease by 9%.

1. INTRODUCTION

Shallow trench isolation (STT) is the mainstream CMOS isola-
tion technique used in all designs today. In STI trenches are created
in Silicon substrate and filled with Silicon Dioxide (oxide) around
devices or groups of devices that need to be isolated. Advanced STI
processes involve many process steps of which nitride deposition,
oxide deposition, and chemical-mechanical polishing (CMP) are of
interest. Nitride is deposited over active regions to protect the un-
derlying Silicon and to act as polish stop. In areas outside the active
regions, trenches are created and void-free oxide is deposited over
the wafer by chemical vapor deposition (CVD). CMP is used to re-
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move the excess oxide over the nitride and in the trenches to ensure
a planar surface for successive process steps.

CMP is the planarization technique of choice and is used exten-
sively in IC fabrication processes for metal layers and for STL In
CMP for STI, deposited oxide is removed until all oxide over nitride
regions is removed. Unfortunately, due to high pattern dependency
CMP is imperfect and, depending on the underlying patterns, can
result in functional and parametric yield loss. The pattern densities
of both the deposited oxide and the underlying nitride determine the
planarization quality after CMP. Because oxide is deposited over
nitride, oxide density is dependent on the shapes of the underly-
ing nitride features as explained in the next section. Therefore the
density and the shapes of the nitride features determines the pla-
narization quality. Traditionally, planarity imperfections have been
addressed by reverse etchback and by fill insertion. In reverse etch-
back, a second mask is created to etch away oxide in regions of
high-oxide density prior to CMP, resulting in a more uniform ox-
ide density. Unfortunately, an extra mask and additional process
steps are required for reverse etchback and it is economically desir-
able to avoid reverse etchback. Fill insertion is another technique
to control oxide and nitride densities. Fill insertion for STI CMP
involves addition of dummy nitride features to increase the nitride
and, through it, the oxide density.

Typically rule-based fill insertion is performed by shape-based
tools such as Mentor Calibre. Dummy rectangles are tiled with
a predefined size, spacing, and keep-off distance from the design’s
features. Often this approach is used to control only the nitride den-
sity along with reverse etchback which controls the oxide density.
Beckage et al. proposed a model-based fill insertion methodology
that uses CMP simulation, an area of active research [3, 7, 10],
to identify regions for fill insertion [2]. Their approach uses two
types of fill “tiles™ (1) tiles that contribute to the nitride density
but negligibly to the oxide density, and (2) tiles that contribute to
both, oxide and nitride densities. Post-CMP topography simulation
is then used to drive the insertion of these tiles in the layout. Topog-
raphy simulation is based on complex models and determination of
the oxide and nitride densities for the desired topography is compli-
cated. Unfortunately, details are not provided by the authors. Also,
due to the use of specific fill configurations (tiles), the flexibility to
control densities is limited. In this paper, we propose a fill insertion
methodology that targets oxide density variation minimization and
nitride density maximization. These two objectives help alleviate
the failures caused by CMP imperfections as discussed later.

We first apply a linear programming-based optimization that was
proposed previously for back-end of the line (BEOL) CMP [6] to
calculate target oxide densities that minimize the oxide density vari-
ation. With the target oxide densities determined, fill insertion is
performed to maximize nitride density. We insert fill wherever per-
mitted by the design rules and then remove it on-demand to meet
























