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FIG. 3
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FIG. 5
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FIG. 6
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1
PLACEMENT AND OPTIMIZATION OF
PROCESS DUMMY CELLS

FIELD OF THE INVENTION

The invention relates to semiconductor device fabrication
and, more particularly, to the use of dummy structures such as
dummy cells which are process dummies.

BACKGROUND OF THE INVENTION

Integrated circuits (ICs) may incorporate many elements,
structures and features, such as patterns of polysilicon, con-
tacts and metal layers. A memory array, for example, may
include a number of transistors, word lines, bitlines and con-
tacts.

The processes used for making ICs, such as lithography
(sometimes referred to as printing) and etching (including
chemical mechanical etching) may be sensitive to the uniform
distribution and proximity of patterns of the elements, struc-
tures and features. Hence, it is generally known that certain
benefits can be derived from incorporating “dummy” features
into a design for an IC. These dummy features may be
referred to as “process dummies”, since they do not perform
any electrical function in the circuit. As used herein, a “fea-
ture” may include an element, a pattern or a structure.

One application for process dummy cells is in static ran-
dom access memory (SRAM). The conventional practice is to
place process dummy cells around an active array area com-
prising inner memory cells, the process dummy cells being of
substantially same size and same periodicity as regular
memory cells to preserve regularity and periodicity to aid
printing, which is the purpose of using dummy cells.

This disclosure is directed to the “dummy cells” which are
dummy features which replicate active cells, such as static
random access memory (SRAM) cells, but which do not
perform any circuit function. In other words, the process
dummy cells discussed herein are passive, performing no
active circuit functions such as timing, area efficiency, sup-
press leakage, etc. For purposes of this disclosure, dummy
cells which perform active circuit functions are not consid-
ered to be “process dummies”.

The dummy cells discussed herein may (or may not) have
everything (all of the patterns) that they need to be functional,
but since the dummy cells discussed herein are designed not
to be functional cells, therefore they are not hooked to periph-
ery circuits to be functional.

Memory Array Architecture Generally

Memory arrays are well known, and comprise a plurality
(many, including many millions) of memory cells organized
(including physically arranged) in rows (usually represented
in drawings as going across the page, horizontally, from left-
to-right) and columns (usually represented in drawings as
going up and down the page, from top-to-bottom).

FIG. 1 illustrates an exemplary memory array 100. A plu-
rality of bitlines, labeled BL(a) through BL(f), may extend in
parallel with one another, vertically through the array (or a
portion thereof). A plurality of wordlines, labeled WL(a)
through WL(f), may extend in parallel with one another,
horizontally through the array (or a portion thereof).

A plurality of memory cells, each labeled “mc”, are placed
(disposed) inside of an “active array area” of the array, within
the dashed line box. These memory cells “mc” may be
referred to as “active memory cells”, or “inside cells, or “inner
cells”, and perform the function of storing data as analog
voltages, in the usual manner. The nine inside cells “mc”
illustrated in FIG. 1 are representative of many millions of
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memory cells that may be resident on a single chip. This
disclosure is generally directed to memory cells, and is not
limited to any particular type of memory cell, such as DRAM
or SRAM.

Additional “dummy” memory cells, each labeled “dc”,
may be placed (disposed) around a peripheral area of the
array, outside of the active array area, without the dashed-line
box. For purposes of this disclosure the dummy cells “dc”
may be formed with substantially the same structure as the
active memory cells “mc”, but perform no circuit function
(including not storing data). The dummy cells may be missing
an element which would make them functional, or they may
simply not be connected or operated to be functional. Even if
the dummy cells are fully functional and are connected to the
WLs and BLs, they are not used (not addressed).

The dummy cells are placed around the active array area
(outside of the dashed-line box) so that inside cells at the
edges of the active array area can be fabricated in an environ-
ment similar to inside cells that are more interior to the active
array area and surrounded by other inside cells. If there were
no dummy cells around the active array area, the inside cells
at the edges of the active array area would have an environ-
ment different to inside cells that are more interior to the
active array area, and this environmental difference may
manifest itself in undesirable process results. Generally, in
semiconductor fabrication, uniformity is usually preferred.
The process dummy cells provide such uniformity.

There may be a horizontal row of dummy cells “dc”
extending across the top of the cell area (on top of the dashed
line box), another horizontal row of dummy cells “dc”
extending across bottom of the cell area (below the dashed
line box), a vertical column of dummy cells “dc” extending
down the left side of the cell area (to the left of the dashed line
box), and another vertical column of dummy cells “dc”
extending down the left side of the cell area (to the right of the
dashed line box). There may be several rows and columns of
such process dummy cells “dc” on each of the four sides of the
cell area.

According to conventional techniques, the process dummy
cells are laid out to have the same (substantially identical)
layout configuration (size, shape and position) as the inside
cells. This may include, for example, disposing the dummy
cells in a same position within an active area as the inside
cells, and spacing the dummy cells a same distance from
neighboring wordlines as the inside cells.

SUMMARY OF THE INVENTION

It is an object of the invention to provide an improved
technique for using process dummy cells.

According to the invention, generally, the layout configu-
ration (size, shape and position) of process dummy cells may
be modified to improve a process performance parameter
such as yield or manufacturability (such as process window).

As used herein, dummy cells may resemble (or be substan-
tial identical to) standard cells used in memory arrays, but are
implemented as process dummies without having any circuit
function.

Dummy cells may be used to improve process latitude, but
they can contribute to yield loss if they are shorted to active
circuitry/cells, or to other features of the memory array such
at word lines or bitlines. For example, a short between a
bitline contact to poly (word line) may drag down the voltage
on bitline and cause the whole bitline to fail. A defect of an
inside cell will, of course, cause the same problem, but there
is generally nothing that can be done to the inside cells since
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they are used for circuit functions. But the dummy cells can be
modified to significantly reduce the probability of such fail-
ures.

According to the invention, generally, two approaches are
disclosed, depending on technology/design requirements:

Optimize dummy cells to reduce failures in dummy cells or
between dummy cells and inside cells

Change location/shapes of dummy cells to optimize pro-
cess window of inside cells

These two approaches can be combined to optimize both
inside cells and failures caused by dummy cells. Additionally,
different design rules can be established and applied to dif-
ferent areas of the layout, i.e., dummy cells and inside cells.

According to an embodiment of the invention, a method for
laying out process dummy cells in relationship to inside
memory cells of a memory array may comprise the steps of:

(a) calculating an initial process performance parameter
for the memory array;

(b) changing dummy cell layout configuration for a layer
electrically connected to inside cells;

(c) applying lithographic simulation and yield model for
both the inside memory cells and the changed layout
configuration process dummy cells; and

(d) repeating steps (b) and (c) until yield is maximized

Between the steps (b) and (¢), a check may be performed to
ensure that there is enough room to make the change. Also,
between the steps (b) and (¢), a check may be performed to
ensure that there is no significant adverse effect to neighbor-
ing circuits.

The process performance parameter may be yield; and in
the step (c), limited yield due to the dummy cells may be
calculated. In the step (d), yield before and after the change
may be compared.

The process performance parameter may be yield; and the
dummy cell layout may be changed in small steps, and each
time a small step is made, a check may be performed to
determine whether yield is improved. The layout configura-
tion may be selected from the group consisting of size, shape
and position of at least selected ones of the process dummy
cells.

The process performance parameter may be a process win-
dow for the inside memory cells; and the method may further
comprise:

putting the process dummy cells on separate layers from
the inside memory cells;

in the step (c), applying lithographic simulation to changed
layout and check if process window for the inside cell is
improved; and

repeating steps (b) and (c) until process window for the
inside memory cells is maximized.

According to an embodiment of the invention, a memory
array comprising an active array area, memory cells inside of
the active array area, and process dummy cells outside of the
active array area, may be characterized in that: selected ones
of'the process dummy cells have alayout configuration which
is different than a layout configuration for the memory cells
inside of the active array area. The layout configuration for
the process dummy cells may be selected from the group
consisting of size, shape and position. The layout configura-
tion for the process dummy cells may be selected based on
improving a process performance parameter. The process
performance parameter may comprise yield. The process per-
formance parameter may comprise a process window for the
inside memory cells.

According to an embodiment of the invention, a design
structure embodied in a machine readable medium for
designing, manufacturing, or testing a design, the design
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structure may comprise: process dummy cells having a layout
configuration which is different than a layout configuration
for the memory cells inside of a active array area of a memory
array. The design structure may comprise a netlist, which
describes the design. The design structure may reside on
storage medium as a data format used for the exchange of
layout data of integrated circuits. The design structure may
include at least one of test data files, characterization data,
verification data, or design specifications.

BRIEF DESCRIPTION OF THE DRAWINGS

The structure, operation, and advantages of the present
invention will become further apparent upon consideration of
the following description taken in conjunction with the
accompanying figures (FIGs.). The figures are intended to be
illustrative, not limiting. Certain elements in some of the
figures may be omitted, or illustrated not-to-scale, for illus-
trative clarity. The cross-sectional views may be in the form of
“slices”, or “near-sighted” cross-sectional views, omitting
certain background lines which would otherwise be visible in
a “true” cross-sectional view, for illustrative clarity.

If shading or cross-hatching is used, it is intended to be of
use in distinguishing one element from another (such as a
cross-hatched element from a neighboring un-shaded ele-
ment. It should be understood that it is not intended to limit
the disclosure due to shading or cross-hatching in the drawing
figures.

In some of' the figures, particularly cross-sectional views of
semiconductor devices in various stages of fabrication, some
elements may be drawn with very straight edges intersecting
with other edges at precise (such as 90-degree) angles, for
illustrative clarity. One of ordinary skill in the art will appre-
ciate that the edges may not be so straight, and the intersec-
tions may be rounded, due to the nature of the processes (such
as etching) used to form the various elements of the semicon-
ductor devices.

Elements of the figures may (or may not) be numbered as
follows. The most significant digits (hundreds) of the refer-
ence number correspond to the figure number. For example,
elements of FIG. 1 are typically numbered in the range of
100-199, and elements of F1G. 2 are typically numbered in the
range of 200-299. Similar elements throughout the figures
may be referred to by similar reference numerals. For
example, the element 199 in FIG. 1 may be similar (and
possibly identical) to the element 299 in FIG. 2. Throughout
the figures, each of a plurality of elements 199 may be
referred to individually as 199a, 1995, 199¢, etc. Such rela-
tionships, if any, between similar elements in the same or
different figures will become apparent throughout the speci-
fication, including, if applicable, in the claims and abstract.

Conventional electronic components may be labeled with
conventional schematic-style references comprising a letter
(such as A, C, Q, R) indicating the type of electronic compo-
nent (such as amplifier, capacitor, transistor, resistor, respec-
tively) followed by a number indicating the iteration of that
element (such as “1” meaning a first of typically several of a
given type of electronic component). Components such as
resistors and capacitors typically have two terminals, which
may be referred to herein as “ends”. In some instances, “sig-
nals” are referred to, and reference numerals may point to
lines that carry said signals. In the schematic diagrams, the
various electronic components are connected to one another,
as shown. Usually, lines in a schematic diagram which cross
over one another and there is a dot at the intersection of the
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two lines are connected with one another, else (if there is no
dot at the intersection) they are typically not connected with
one another.

In the drawings accompanying the description that follows,
both reference numerals and legends (labels, text descrip-
tions) may be used to identify elements. If legends are pro-
vided, they are intended merely as an aid to the reader, and
should not in any way be interpreted as limiting.

FIG. 1 is a diagram of a memory array, according to the
prior art.

FIG. 2A is a diagram of a portion of a memory array,
according to the prior art.

FIG. 2B is a diagram of a portion of a memory array,
according to an embodiment of the invention.

FIG. 3 is a flowchart of a software implementation of the
technique illustrated in FI1G. 2B, according to the invention.

FIG. 4A is a diagram of a portion of a memory array,
according to the prior art.

FIG. 4B is a diagram of a portion of a memory array,
according to an embodiment of the invention.

FIG. 5 is a flowchart of a software implementation of the
technique illustrated in F1G. 4B, according to the invention.

FIG. 6 is a diagram of a third embodiment, or approach, to
optimizing dummy cells, according to the invention.

FIG. 7 is adiagram of an example design flow, according to
the invention.

DETAILED DESCRIPTION OF THE INVENTION

In the description that follows, numerous details are set
forth in order to provide a thorough understanding of the
present invention. [t will be appreciated by those skilled in the
art that variations of these specific details are possible while
still achieving the results of the present invention. Well-
known processing steps and materials are generally not
described in detail in order to avoid unnecessarily obfuscating
the description of the present invention.

It is known to add dummy cells (process dummies) in
addition to the active (inside) cells to even out the environ-
ment, such as at the edges of the active array area. When the
dummy cells are substantially identical (physically) to the
active cells, they can have the same failure mode (such as
contact-to-poly short) with the same undesirable results, even
though the problems associated with dummy cells causing
failures may not be a design error, may not constitute a vio-
lation of design rules, and may not be an OPC (optical prox-
imity correction) error or an ORC (optical rules checking)
error.

However, weak spots in a design, such as tight contact-to-
poly spaces may fail first, and adding dummy cells which are
substantially identical to active cells simply exacerbates the
problem. The failures attributable to the dummy cells (and
also to the active cells) may include (in the context of a
memory array, such as illustrated in FIG. 1) shorts and opens,
causing the wordline to be open or shorted to ground, shorting
awordline to a bitline, and others. The specific defects will be
design dependent. Generally, defects in each region (in rela-
tion to the array) may cause different failures. However, it
may be noted that only electrically connected layers will
cause a failure to inside cells.

Embodiment 1

An embodiment of the invention is illustrated with respect
to FIGS. 2A and 2B.
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FIG. 2A illustrates a portion of an exemplary memory
array 200, according to the prior art. Various layers of mate-
rials are illustrated.

Three polysilicon lines 202, 204, 206 are shown traversing
an active area 208. The polysilicon lines may be wordlines,
and may be evenly spaced from one another. (The “active
area” 208 describes an area of silicon where devices may be
fabricated, and should not be confused with active array area,
such as within the rectangular box in FIG. 1.)

A dashed line 210 represents an edge of a cell area of the
array. Above the line 210 are active memory cells “mc” (see
FIG. 1). Below the line 210 are dummy dells “dc” or process
dummy patterns (see FIG. 1).

Three structures 212, 214 and 216, are shown, each of
which is placed a distance d1 below a corresponding one of
the poly lines 202, 204 and 206. The structures 212, 214 and
216 may be contacts, or bitline contacts. The structures 212,
214 and 216 are centered within the active area 208. (A
vertical centerline is shown passing through the three struc-
tures 212, 214, 216.)

The top structure 212 and the middle structure 214 are
representative of active cells, also referred to as “inner cells”.
The bottom structure 216 is representative of dummy cells.

In a failure mode, such as a contact shorting to a polysilicon
line, each of the contacts 212, 214, 216 may have substan-
tially the same likelihood of causing such a failure, since they
are all similar to one another, and are all spaced equally, a
distance d1, from the polysilicon lines 202, 204, 206. This is
representative of a process dummy cell causing failure of an
array, or a portion thereof.

FIG. 2B illustrates a portion of a memory array 250,
according to an embodiment of the invention. Various layers
of materials are illustrated.

Three polysilicon lines 252, 254, 256 are shown traversing
an active area 258. The polysilicon lines may be wordlines,
and may be evenly spaced from one another.

A dashed line 260 represents an edge of a cell area of the
array. Above the line 260 are active memory cells “mc” (see
FIG. 1). Below the line 260 are dummy dells “dc” (see FIG.
1).

Three structures 262, 264 and 266, are shown, each of
which is disposed below a corresponding one of the poly lines
252, 254 and 256. The structures 262, 264 and 266 may be
contacts, or bitline contacts. The structures 262, 264 and 266
are centered within the active area 258. (A vertical centerline
is shown passing through the three structures 262, 264, 266.)

The top structure 262 and the middle structure 264 are
representative of active cells, also referred to as “inner cells”.
The bottom structure 266 is representative of dummy cells.

Whereas in FIG. 2A (prior art) each of the structures (212,
214, 216) are disposed the same distance d1 below a corre-
sponding one of the poly lines (202, 204, 206), in this embodi-
ment, the two structures 262 and 264 which are contacts in the
active area of the array and representative of active memory
cells (“mc”) are disposed a distance d1 below the correspond-
ing poly lines 252 and 254. The contact 266 which is repre-
sentative of a dummy cell (“dc”) is disposed a distance d2,
greater than d1, below the corresponding poly line 256.

In a failure mode, such as a contact shorting to a polysilicon
line, the contact 266 may have less likelihood of causing a
failure than the contacts 264 and 262, since it is spaced farther
away from the corresponding poly line 256, and yield may be
increased.

Generally, the desired outcome is to try to optimize yield
(reduce failures associated with dummy cells) by increasing
narrow contact-poly space when possible.
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According to this embodiment of the invention, as illus-
trated by FIGS. 2A and 2B, a process dummy cell is moved
further away from the poly line so as to reduce failures, such
as shorts, thereby optimizing yield, when possible.

The contact 266 is representative of a feature of a dummy
cell, and thus may be referred to as a “process dummy fea-
ture”. The contacts 262 and 264, as well as the poly lines 252,
254,256 are representative of features of active cells, and may
thus be referred to as “active features”. In this embodiment of
the invention, the process dummy feature 266 is formed sub-
stantially similar to the active features 262 and 264, and has
been repositioned, in one dimension (distance away from)
another active feature 256.

It should be understood that if the contact 266 were to be
moved too far away, the inner, active contact 264 near the
edge of the cell area would have a different environment than
the inner, active contact 262, which would undermine the
purpose of a dummy contact (or dummy cell) evening out the
environment for process uniformity.

Software performs lithographic/process simulation in real
time or checks against a set of rules to confirm that the new
optimized dummy cells still achieve substantially the same
effectiveness on neighboring real circuit patterns (active
cells).

FIG. 3 illustrates the technique for laying out process
dummy cells, such as is illustrated in FIG. 2B, according to
the invention, which may be performed in a conventional
computer-based design and layout system. The shapes and/or
positions of the dummy cells may be changed, to improve
yield. Of particular interest are layers which are electrically
connected to the inside cells of the array.

Generally, the placement (position) or the shape of the
patterns in dummy cells may be changed to improve yield by
reducing failures (such as shorts) due to critical design
attributes, such as contact size or contact-to-poly spacing.

In a first step 302, the user may input established defect/
systematic yield models. An initial (baseline) yield for the
overall memory array, with no changes (before the changes
discussed below) to the process dummy cells may be calcu-
lated.

Next, in steps 304, 306 and 308, circuit functionality may
be checked, as follows.

In the step 304, layers may be identified which are electri-
cally connected to target dummy cells. Generally, only elec-
trically-connected layers will cause a failure to inside cells.
(Dummy cells cannot “fail”, since they do not perform any
circuit function.)

In the step 306, the nearby environment may be checked to
ensure that there is enough room to make the change, such as
moving the dummy cell away from the wordline at the edge of
the active array.

In the step 308, the possible change scenario may be
checked as to whether it significantly changes circuit func-
tions and has adverse effects to neighboring circuits. If not,
the change is “allowed”.

Next, in steps 312, 314, 316 and 318, yield comparison
may be calculated, as follows.

In the step 312, the allowed change may be applied to the
dummy cells. Generally, changes are applied in small steps so
that improvements to yield for the memory array can be
tracked, and maximized. The process is iterative.

Generally, a “layout configuration” for the dummy cells
may be changed, and this may include any of size, shape
and/or position or at least one of the dummy cells.

In the step 314, limited yield due to the dummy cell(s) may
be calculated, such as resulting from contact-to-poly shorts.
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(“Limited yield” is a terminology in semiconductor manufac-
turing, it refers to the yield related to one mechanism.)

Inthe next step 316, limited yield of the inside cells may be
calculated, such as through litho simulation or empirical yield
models and yield-litho correlation models developed from
test structures.

Inthe next step 318, the combined yield may be compared,
before and after the proposed changes are implemented (in
simulation).

The change should happen in small intervals (such as the
contact is shifted down). When the change is good, another
small interval is applied to shift it a bit further down. The steps
of changing dummy cells shapes and positions may be
repeated for the layer electrically connected to inside cells,
and checking that circuit function is not changed, followed by
applying lithographic simulation and yield model to the
changed layout for both inside and dummy cells may itera-
tively be repeated, and may be stopped when there is no
further improvement of yield. This is indicative of yield hav-
ing been maximized, and the loop may be exited. The process
of laying out dummy cells in relation to inside memory cells
may be terminated.

Example of Yield Model Yield models used in process-
window and yield improvements can be built by two
approaches.

Approach I: from inline electrical measurements of pro-
cess-window test structures, test structure yield vs. criti-
cal design attributes can be calculated

Approach II: yield/fail rate vs. process window can be
calculated through process simulation

Yield for a test structure may be calculated (eqn. 1), then
used (eqn. 2) to estimate yield loss due to the dummy cell, as
follows:

Yield recssorucnre= !V 1+ N fosssiructure *L)/z)z (eqn. 1)

Yieldsp sa~1/(1+(Nsp a2, °L)/12)? (eqn. 2)

where:

N is statistics of critical design attribute, such as number of

occurrences of minimum CA-PC space in design

“L” is failure rate

In the above example, negative binomial yield model is
used. Various other yield models have also been used in
semiconductor manufacturing such as Poisson yield model,
which can also be used here.

Embodiment 2

A second embodiment of the invention is illustrated with
respect to FIGS. 4A and 4B.

Some users may not have resources and available yield
models to perform all of the calculations in the previous
embodiment (Approach 1). The embodiment described here-
inbelow (Approach 2) is at lithography/etch simulation level
only, and is computationally simpler. The software customers
may be different: Approach 1 is for the yield community, and
Approach 2 is for the lithography community. Lithographers
spend a lot of time maximizing “process windows” and this is
geared toward this purpose. Assuming no yield loss in the
dummy itself, maximizing process window will typically
increase yield as well.

FIG. 4A is essentially the same as FIG. 2A, and illustrates
aportion of an exemplary memory array 200, according to the
prior art. Various layers of materials are illustrated.

Three polysilicon lines 402, 404, 406 are shown traversing
an active arca 408. The polysilicon lines may be wordlines,
and may be evenly spaced from one another.
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A dashed line 410 represents an edge of a cell area of the
array. Above the line 410 are active memory cells “mc” (see
FIG. 1). Below the line 410 are dummy dells “dc” (see FIG.
1).

Three structures 412, 414 and 416, are shown, each of
which is disposed a distance d1 below a corresponding one of
the poly lines 402, 404 and 406. The structures 412, 414 and
416 may be contacts, or bitline contacts. The structures 412,
414 and 416 are centered within the active area 408. (A
vertical centerline is shown passing through the three struc-
tures 412, 414, 416.)

The top structure 412 and the middle structure 414 are
representative of active cells, also referred to as “inner cells”.
The bottom structure 416 is representative of dummy cells.

In a failure mode, such as a contact shorting to a polysilicon
line, each of the contacts 412, 414, 416 may have substan-
tially the same likelihood of causing such a failure, since they
are all similar to one another, and are all spaced equally, a
distance d1, from the polysilicon lines 402, 404, 406. This is
representative of a process dummy cell causing failure of an
array, or a portion thereof.

FIG. 4B (compare FIG. 2B) illustrates a portion of a
memory array 450, according to an embodiment of the inven-
tion. Various layers of materials are illustrated.

Three polysilicon lines 452, 454, 456 are shown traversing
an active arca 458. The polysilicon lines may be wordlines,
and may be evenly spaced from one another.

A dashed line 460 represents an edge of a cell area of the
array. Above the line 460 are active memory cells “mc” (see
FIG. 1). Below the line 460 are dummy dells “dc” (see FIG.
1).

Three structures 462, 464 and 466, are shown, each of
which is disposed below a corresponding one of the poly lines
452, 454 and 456. The structures 462, 464 and 466 may be
contacts, or bitline contacts. The structures 462, 464 and 466
are centered within the active area 458. (A vertical centerline
is shown passing through the three structures 462, 464, 466.)

The top structure 462 and the middle structure 464 are
representative of active cells, also referred to as “inner cells”.
The bottom structure 466 is representative of dummy cells.

InFIG. 4A (prior art) each of the structures (412, 414, 416)
are disposed the same distance d1 and position (centered in
the active area 408) below a corresponding one of the poly
lines (402, 404, 406).

In this embodiment, the two structures 462 and 464 which
are contacts in the active area of the array and representative
of active memory cells (“mc”) are disposed a distance d1
below the corresponding poly lines 452 and 454, and centered
in the active area 458.

In this embodiment, the contact 466 which is representa-
tive of a dummy cell (“dc”) is disposed a distance d3, which
may be different (including greater) than d1, below the cor-
responding poly line 456, may be a different size (such as
larger) than the other contact structures 462 and 464, and may
be positioned differently (not on the centerline of the active
area 458) than the other contact structures 462 and 468.

The contact 466 is representative of a feature of a dummy
cell, and thus may be referred to as a “process dummy fea-
ture”. The contacts 462 and 464, as well as the poly lines 452,
454, 456 are representative of features of active cells, and may
thus be referred to as “active features™.

In this embodiment of the invention, the process dummy
feature 466 may be formed differently than the active features
462 and 464, and has been repositioned, in two dimensions
(distance away from and laterally off-center from) another
active feature 456.
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As was the case with the previous embodiment, it should be
understood that changes to the dummy feature 466 (compare
266) creates a different environment for active features such
as 464 near the edge (460) in contrast than more inner, active
features 462 which may somewhat undermine the purpose of
a dummy contact (or dummy cell) evening out the environ-
ment for process uniformity.

In the previous embodiment of the invention, the process
dummy feature 266 was simply moved further away from the
poly line 256 so as to reduce failures, such as shorts, thereby
optimizing yield, when possible.

In this embodiment, the process dummy feature 466 is
repositioned and/or resized to enlarge the process window,
when possible.

In the previous embodiment, software performs litho-
graphic/process simulation in real time or checks against a set
of rules to confirm that the new optimized dummy still
achieve substantially the same effectiveness on neighboring
real circuit patterns (active cells).

In this embodiment, software performs lithographic/pro-
cess simulation in real time to maximize process window.
Software may check against a set of yield rules that restrict
dummy shape/placement.

In the previous embodiment, the purpose is to maximize
yield, and this may be accomplished by increasing the narrow
contact-to-poly space when possible.

In this embodiment, the purpose is to maximize the process
window of the inside cells. This may be accomplished by
changing the size and/or the position of the dummy cells.

FIG. 5 (compare FIG. 3) illustrates a technique for improv-
ing a process window of inside memory cells, such as is
illustrated in FIG. 4B, according to the invention, which may
be performed in a computer-based design and layout system.
The shapes and/or positions of the dummy cells may be
changed, to improve yield. Of particular interest are layers
which are electrically connected to the inside cells of the
array. In a simulation step, the dummy cells may be placed on
a separate layer from the inside memory cells.

Generally, the placement of the dummy cells may be
changed to improve yield by reducing failures (such as shorts)
due to critical design attributes, such as contact size or con-
tact-to-poly spacing.

Unlike the previous technique (FIG. 3), there is no need for
the user to input established defect/systematic yield models.

In a step 502, the dummy cells may be placed according to
conventional rules. The dummy cells may be putin a separate
layer to the main feature. Process window maximization is
typically done for all patterns in one layer. Putting the dummy
cells on a separate layer is a deviation from standard lithog-
raphy procedures. By putting dummy cells on a separate
layer, the process window effect of the dummy cells on the
inside cells can be optimized differently and separately from
just the inside cells.

In a step 504, dummy cells (or patterns in the cell) may be
moved within the limitation of the design rules. As was the
case with the previous technique (FIG. 3), in this case the
inside cells will not move and are frozen, only the dummy
layer will adjust and only within design rule limit.

In a step 506 (compare 306), the nearby environment may
be checked to ensure that there is enough room to make the
change, such as moving the dummy cell away from the word-
line at the edge of the active array.

In a step 508 (compare 308), possible change scenarios
may be checked that do not change circuit functions and
effects to neighboring circuits.

In a step 510 (compare 312), apply allowed change to
dummy cells. Generally, changes are applied in small steps so
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that improvements to yield for the memory array can be
tracked, and maximized. The process is iterative.

In a step 512, a litho/etch simulation may be performed to
verify process window improvements of inside (active) cells.
This is similar to Approach 1.

A typical iteration flow, repeating the steps of changing
dummy cell shapes and positions, checking that circuit func-
tion is not changed, and applying lithographic simulation to
the changed layout can be followed until the inside cells
achieve the best possible process window.

Further Applications

Different layout-manipulation algorithms (OPC, yield
etc.) can be built and applied to different parts of layout
according to their circuit functions.

Different design rules can be established and applied to
different areas of the layout, i.e., dummy cells and inside
cells.

Approaches 1 and 2 can be combined to optimize both
inside cells and failures caused by dummy cells.

Combined Approach

FIG. 6 illustrates combining the two embodiments (ap-
proaches) discussed hereinabove. Compare, for example,
FIGS. 3 and 5.

Generally, using the first approach (Approach 1; compare
FIG. 3),

602—Minimizing yield loss due to dummy cells (i.e.,

shorts to dummy cells)

604—Yield model (including systematic model)

606—Yield gain due to reduced critical area (or critical

design attribute if systematic)

And, using the second approach (Approach 2; compare
FIG. 5),

612—Maximizing process window of inside cells (i.e.,

dummy improves design pattern)

614—IL itho/etch simulation engine

616—Yield gain due to improved process windows

Combine the results of Approaches 1 and 2, therefore final
yield is optimized
Design Implementation

FIG. 7 shows a block diagram of an example design flow
700. Design flow 700 may vary depending on the type of IC
being designed. For example, a design flow 700 for building
an application specific IC (ASIC) may differ from a design
flow 700 for designing a standard component. Design struc-
ture 720 is preferably an input to a design process 710 and
may come from an IP provider, a core developer, or other
design company or may be generated by the operator of the
design flow, or from other sources. Design structure 720
comprises a process dummy structure 266 or 466 in the form
of'schematics or HDL, a hardware-description language (e.g.,
Verilog, VHDL, C, etc.). Design structure 720 may be con-
tained on one or more machine readable medium. For
example, design structure 720 may be a text file or a graphical
representation of the process dummy structure 266 or 466.
Design process 710 preferably synthesizes (or translates) the
process dummy structure 266 or 466 into a netlist 780, where
netlist 780 is, for example, a list of wires, transistors, logic
gates, control circuits, I/O, models, etc. that describes the
connections to other elements and circuits in an integrated
circuit design and recorded on at least one of machine read-
able medium. This may be an iterative process in which netlist
780 is re-synthesized one or more times depending on design
specifications and parameters for the circuit.

Design process 710 may include using a variety of inputs;
for example, inputs from library elements 730 which may
house a set of commonly used elements, circuits, and devices,
including models, layouts, and symbolic representations, for
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a given manufacturing technology (e.g., different technology
nodes, 32 nm, 45 nm, 90 nm, etc.), design specifications 740,
characterization data 750, verification data 760, design rules
770, and test data files 785 (which may include test patterns
and other testing information). Design process 710 may fur-
ther include, for example, standard circuit design processes
such as timing analysis, verification, design rule checking,
place and route operations, etc. One of ordinary skill in the art
of integrated circuit design can appreciate the extent of pos-
sible electronic design automation tools and applications
used in design process 710 without deviating from the scope
and spirit of the invention. The design structure of the inven-
tion is not limited to any specific design flow.

Design process 710 preferably translates an embodiment
of the invention as shown in FIGS. 3 and 5, along with any
additional integrated circuit design or data (if applicable),
into a second design structure 790. Design structure 790
resides on a storage medium in a data format used for the
exchange of layout data of integrated circuits (e.g. informa-
tion stored in a GDSII (GDS2), GL1, OASIS, or any other
suitable format for storing such design structures). Design
structure 790 may comprise information such as, for
example, test data files, design content files, manufacturing
data, layout parameters, wires, levels of metal, vias, shapes,
data for routing through the manufacturing line, and any other
data required by a semiconductor manufacturer to produce an
embodiment of the invention as shown in FIGS. 3 and 5.
Design structure 790 may then proceed to a stage 795 where,
for example, design structure 790: proceeds to tape-out, is
released to manufacturing, is released to a mask house, is sent
to another design house, is sent back to the customer, etc.

Although the invention has been shown and described with
respect to a certain preferred embodiment or embodiments,
certain equivalent alterations and modifications will occur to
others skilled in the art upon the reading and understanding of
this specification and the annexed drawings. In particular
regard to the various functions performed by the above
described components (assemblies, devices, circuits, etc.) the
terms (including a reference to a “means”) used to describe
such components are intended to correspond, unless other-
wise indicated, to any component which performs the speci-
fied function of the described component (i.e., that is func-
tionally equivalent), even though not structurally equivalent
to the disclosed structure which performs the function in the
hereinillustrated exemplary embodiments of the invention. In
addition, while a particular feature of the invention may have
been disclosed with respect to only one of several embodi-
ments, such feature may be combined with one or more
features of the other embodiments as may be desired and
advantageous for any given or particular application.

What is claimed is:

1. A memory array comprising an active array area,
memory cells inside of the active array area, and process
dummy cells outside of the active array area, characterized in
that:

selected ones of the process dummy cells have a layout

configuration which is different than a layout configu-
ration for the memory cells inside of the active array
area, such that the selected ones of the process dummy
cells are positioned at a first distance from a neighboring
polysilicon line, and the memory cells inside of the
active array area are positioned at a second distance from
aneighboring polysilicon line, wherein the first distance
is larger than the second distance; and

wherein the layout configuration for the process dummy

cells is selected based on improving yield.
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2. The memory array of claim 1, wherein:
selected ones of the process dummy cells are of a different
size than the memory cells inside of the active array area.
3. The memory array of claim 1, wherein the layout con-
figuration of selected ones of the process dummy cells com-
prises at least one repositioned dummy cell, wherein the at
least one repositioned dummy cell is repositioned in at least
one dimension such that it is farther away from its nearest

inside cell than it was prior to repositioning.

14

4. The memory array of claim 3, wherein the at least one
repositioned dummy cell is repositioned in two dimension
such that it is farther away from its nearest inside cell than it
was prior to repositioning.

5. The memory array of claim 3, wherein the at least one
repositioned dummy cell is larger than the memory cells
inside of the active array area.
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