Semiconductor Mismatch Reduction

BACKGROUND

16001) Goncrally, semiconductor devices mﬁy be filled with regions having various
densities of both active areas. In particular, semiconductor devices may have both areas of high
pattern density next to areas of low pattern density. Such a difference in density between high
pattern density ateas and low paftern density areas can become a problem during formation of
isolation structures such as shallow trench isolations (STIs). Because there are more structures
in the high pattern density areas, the deposition of material in the formation of the STIs into these
areas leads to a difference in the ratc.of removal when, e.g., a chemical mechanical polish is
performed. With this, a faster polish rate can occur in the low pattem density area and a slower

polish rate can ocour in the high pattern density area.

[0002] ‘With this difference in polish rates also comes a difference in the step height
between STIs and the active areas in the high pattern density area and the step height between
STIs and active arces in the low pattern density arca, This differcnce in step height of the STIs
can affect not only the length (L;) and impedance (Z.) of adjacent transistors, but can also affect
the actual shape of a subsequently formed gate. For example, if the STI has a positive step
height (wherein a slower polish rate has caused the STI to extend above a substrate), subsequent
lithographic masks will be formed slightly off, causing the gate o be wider than desired and
forming an “icicle” shape. Additionally, if there is a negative step height (wherein a faster polish
rate has caused the STI to be recessed within the substrate), the subsequent effects on the
lithographic masks will cause the subsequently formed gates to be thinner than desired and

forming a “dogbone” shape.
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BRIEF DESCRIPTION OF THE DRAWINGS

{0003]  For a more complete understanding of embodiments, and the advantages thereof,
reference is now made fo the following descriptions taken in confunction with the accompanying
drawings, in which:

10004} Figure | illustrates a first area of mismatch concern and a second area of mismatch
concern located within a first region of a semiconductor substrate in accordance with an

embodiment;

[0005) Figure 2 illustrates the use of dummy material to rcduce density mismatch between
the first area of mismatch concern and the second area of mismatch concern in accordance with
an embodiment; and

[0604) Figure 3 illustrates the use of dummy material to reduce density mismatch between

the first area of mismatch concern, the second area of mismatch concern, and surrounding areas

in accordance with an cmbodiment;

[0007}  Figures 4A-4B illustrate illystrative flow charts in accordance with an embodiment;
and

[0008] Figure 5 illustrates a system that may be used fo implement the density mismatch

reductions in accordance with an embodimont,

[0009] Corresponding numerals and symbols in the different figures generally refer to
corresponding parts unless otherwise indicated. The figurcs arc drawn fo clearly iltustratc the

relevant aspects of the embodiments and are not necessarily deawn to scale.



DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0010] The making and using of exabodiments are discussed in detail below, Itshould be
appreciated, however, that embodiments provide many applicable inventive comcepts that can be
embodied in a wide variety of specific contexts, The specific embodiments discussed are merely

iltustrative of specific embodiments, and do not limit the scope of the embodiments.

[0011] Embodiments will be described with respect to a specific context, namely a method
of using dummy fill materials to address density mismatches in a semiconductor layout.

Embodiments may also be applied, however, to other density mismatch issues,

[0012] With reference now to Figure 1, there is shown a first area of mismatch concern 101
and a second area of mismatch concern 103 located within a first region of a semiconductor
substrate 105, In an embodiment, the structures shown in Figure 1 may be in the design stage, as
the design stage is an easy point in the design process to address density mismatches. However,
if desired, the structures illusirated in Figure 1 may alternatively be manufactured as a fest
structure and analyzed prior to addressing the density mismatches for subsequently manufactured

future products.

[0D13] The first region of the semiconductor substrate 105 may, in an embodiment, be a
region of a semiconductor substrate upon which structures may be mannfactured as is known in
the art once a desired design is determined. Once manufactured, the first regidn of the
semiconductor substrate 105 may comprise bulk silicon, doped or undoped, or an active layer of
a silicon-on-insulator (SOY) substrate. Genexally, an SOI substrate comprises a layer of a

semiconductor material such as silicon, germanium, silicon germanium, SCJ, silicon germanium



on insulator (SGOI), or combinations thereof, Other substrates that may be used include mulli-

layered substrates, gradient substrates, or hybrid orientation substrates.

[0014] The first area of mismatch concern 101 may, in an embodiment, be a design block
susceptible to the effects of density mismaich, such as an analog desiga block, and may be
determined by either a designer or by a design. tool, f-‘or example, the first region of the
semiconductor substrate 105 may be a current minor design block, a differential pair design
block, combinations of these, or the like. However, as onc of ordinary skill will recognize,
embodiments are not meant fo be limited to only regions comprising analog device desiga
blocks, as other design blocks, such as digilal design blocks comprising, .¢., an. SRAM design
block, or any other suitable type of semiconductor design block device are also fully intended 1o

be included within the scope of the present embodiments.

[0015] Alternatively, instead of being a single design block, the first area of mismatch
concemn 101 may be a set of different design blocks that may be grouped together for purposes of
density maiching, For example, the first arca of mismatch concern 101 may alternatively
comprise a first area, a second area, and a third area (not individually shown in Figute 1), each of
which may have a densities that may be viewed as a group. Such grouping can make density
mismatch determinations (described further below) easier when large areas are being calculated,
as the different arcas are treated as a single arca (e.g., the first arca of mismatch concem 101) for

the purposes of density mismatch reduction.

[0016) The first arca of mismatch concern 101 may be a region of comparatively high
density compared to surrounding arcas 108 of the first region of the semiconductor substrate 105,
In particular, the first area of mismatch concern 101 may comprise structures and devices
(examples of which are discussed further below) that have a higher pattern density than the -
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surrounding aveas 108 of the first region of the semiconductor substrate 105, thereby causing a
paitern deasity mismatch between the first area of mismatch concern 101 and the surcounding
areas 108 of the fivst region of the semiconductor substrate 105, The first area of mismatch
concern 101 may be set by the designer as desired or as conditions warrant for the easiest method
of addressing differont regions for density mismatch. As an cxample only, the first arca of
mismatch concem may be set as an area of about 10 pym. and 10 mﬁ, although ofhef suifabls sizes

may alternatively be utilized.

{0017} Additionally, the first area of mismatch concern 181 may also contain both a first
high patiem: density region 102 and a first low patiern density region 104 within the first area of
mismatch concern 101 itself. Within this infernal first high pattern density region 102 there may
be located a plurality of semiconductor or other features such as isolation regions 106, active
regions 107, short channel gate electrodes 109, and long channel gate electrodes 111, The
isolation regions 106, when manufactured, may be shallow trench isolation regions (STTs), which
may be formed by etching the semiconductor subsirate 105 around the uctive regions 107 fo form
trenches and filling the trenches with e dielectric material as is known in the art. The trenches
may be filled with a dielectric material such as an oxide material, a high-density plasma (HDP)
oxide, or the like, formed by suitable methods known in the ari. However, other types of

isolation structures could alternatively be used to isolate the active regions 107,

[0018] The active regions 107, when manufactured, may comprise areas of the
semiconductor substrate 105 which are not removed lo form the isolation regions 106 and into
which dopants may be implanted in order to form desired structures such as transistors, resistors,
etc. Such dopants may include n-type or p-type dopants, or some combination of these dopants,

as desired in order to form the desired devices. For example, n-type dopants may be implanted
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into the active regions 107 to form an n-well which can eventually be used to form n-channel

transistors in the active regions 107,

10019] The short chamel gate electrodes 109, when manufactured, may comprise a
conductive material, such asa doped poly-silicon, a metal (e.g., tantalum, titanium,
molybdenum, tungsten, platinum, aluminum, hafhium, ruthenium), a metal silicide (e.g., titanium
silicide, cobalt silicide, nickel silicide, tantalum silicide), a metal nitride (e.g., titanium nitvide,
tantalum nitride), other conductive materials, or a combination thercof. In an cmbodiment in
which the short channel gate electrodes 109 is poly-silicon, the short channel gate electrodes 109
may be formed by depositing doped or undoped poly-silicon by luwrpressure chemical vapor
deposition (LPCVD) to a thickness in the range of between about 400 A and about 2,500 A, such

as abont 1,500 A,

[6020] The long chanuel gate ¢lectrodes 111 may comprise a similar material as the short
channel gate electrodes 109 (e.g., polysilicon) and may be formed using similar methods (e.g.,
LPCVD), aithough different materials and methods may be utilized if desired. The long channel
gate electrodes 111 do, however, have a larger width than the short channel gate electrodes 109,
thereby making a channel region beneath the long channel gate electrodes 111 longer than a

chanuel region beneath the short channel gate electrodes 109.

[0021} With these features located in the first high pattern density region 102, a conductor
density of the first high pattern density region 102 may be determined by taking the conductors
in tho first high pattcrn density region 102 (such as the short channel gate clectrodes 109 and the
Tong channel gate clectrodes 111} and dividing their total area by the fotal area of the first high

pattern density region 102. Similarly, an active area density may be determined by laking the



area of the active regions 107 within the first high pattem density region 102 and dividing it by

the folal arez of the first high pattern density region 102,

[0022] The first low pattern density region 104 may be void of features such as the active
regions 107, short channel gate clectrodes 109, and long channel gate electrodes 111, and may
consist of isolation regions 106. As such, the first fow pattern density region 104 may have a
conductor density of 0 as well as having an active area density of 0. However, as one of oxdinary
skill in the art will recognize, the first low pattern density region 104 docs not reqaire there to be
no features located within the first low pattern density region 104, and the first low pattern
density region 104 may include some fealures (not shown in Figure 1) and have a positive
conductor density and a positive active area density. However, the conductor density and active
area density of the first low pattem density region 104 arc Iess than the conductor density and

active area density of the first high pattern density region 102, respectively.

[0023] From the conductor density of the first high peattern density region 102 and the first
low pattern density region 104, a first conductor density of the fivst area of mismatch concern
101 may be determined. For example, the conductor density of the first high pattern density
region 102 and the conductor density of the first low paitern density region 104 may be averaged
using their relative areas to arrive at an overall conductor density for the entire first area of

mismatch concera 101, the first conductor density.

[0024] Alternatively, the first conductor density of the first area of mismatch concern 101
may be initially dotermined without having to first calculate the conductor density of the first
high pattemn deasity region 102 and the first low pattern density region 104. In this example, the
first conducior density may be determined by taking the fotal conductor area within the first area
of mismatch. concern 101 and dividing it by the total area of the first area of mismatch concern
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101. Any suitable method of determining the first conducior density of the first area of

mismatch concern 101 may be utilized.

100251 Similarly, a first region active area density may be determined for the first acea of
mismatch concern 101 by either determining it from the active area densily of the first high
pattern density region 102 and the active area density of the first low paticrn density region 104,
Alternatively, the fixst active area density of the first area of mismatch concern 101 may be
initially determined without havipg to first caleulatc the active arca density of the first high
pattern densify region 102 and the first low pattern density region 104, for example, by taking the
{otal active area within the first area of mismateh concern 101 and dividing it by the total area of
the fitst area of mismatch concern 101. Any suitable methed of determining the first active area

density of the first area of mismatch concern 101 may be utilized.

[0026] . Thesecond area of mismatch ¢oncern 103 may be similar to the first area of
mismatch concern 101, e.g., an analog design block such as & current mirror design block or a
differential pait design block. However, also similar to the first avea of mismatch concern 101,
the second area of mismaich concern 103 is not intended to be limited to analog design blocks,
and may also comprise other design blocks, such as digital design blocks. Additionally, the
second' area of mismatch concem 103 may also comprise multiple areas with independent

structure densities that may be grouped together for convenience,

[0027] The second area of mismatch concern 103 may have a second high pattem density

region 119, a second low pattern density region 113, a third low pattern density region 115, and a
fourth fow pattern density region. 117. In an embodiment, the second high patiem density region
119 may contain features such as active regions 107, short channel gate electrodes 109, and long
channel gate electrodes 111 similar fo the first high pattern density region 102, However, the |
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second high pattern density region 119 may have a different layout than the first high pattern
density region 102 such that the second area of mismatch concern 103 has a different conductor

density and & different active area density than the fitst area of mismatch concern 101,

[0028] Additionally, the second low pattern density region 113, the third low pattern density
region 115, and the fourth low pattern density region 117 mey be similar to the first low patfern
density region 104, For example, the second low pattern density region 113, the third low
pattern density region 115, and the fousth low pattera donsity rogion 117 may be isolation
regions 106 without any other features such as the active regions 107, short channel gate
electrodes 109, and long channel gate electrodes 111, glthough in altemative embodiments some
of these features may be inclnded within the second low pattern densily region 113, the third low
paltern density region 115, and the fourih low pattern density region 117 as long as the second
low pattern density region 113, the third low pattern density region 115, and the fourth low
paitern density region 117 have a lower conductor density and 2 lower active area density than

the second high pattern density region 119,

{00291 From the second high patlern density region 119, the second low pattern density
region 113, the third low pattern density region 115, and the fourth low patten density region
117, secoﬁd conducfor density may be determined by taking the area of conductors {e.g., the
short channcl gatc clcctrodes 109 and the long channel gate clectrodes 1) 1) within the sceond
area of mismatch concern 103 and dividing them by the area of the second ar¢a of mismatch
concern 103, Similarly, a second active area density may be determined by taking the area of the
active regions 107 within the second area of mismatch concern 103 and dividing it by the area of
the second area of mismatch concerz 103, This defermination may alternatively be done by

initially determining conductor densities and active area densities of each of the second high
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pattern density region 119, the second low pattern density region 113, the third fow pattern
density region 113, and the fourth low pattern density region 117, and then determining the
overall second conductor density and second active area density of the second area of mismatch
concern 103 from these indtvidual densities. Any suitable method for determining the second
conductor density and the sceond active arcea density for the sccond arca of mismatch concern

103 may bs utilized.

{0030] Figure 2 illustrates that, once the first conductor dengity (of the first arca of
mismatch concern 101) aud the second conductor density (of the second area of mismatch
concern 103) have been determined, dummy conductor material 201 may be placed into the first
low pattern density region 104, the second low pattern density region 113, the third low pattern
density region 115, andfor the fourth low pattern density region 117 in order to address
conductor density mismatches both internally to the first area of mismatch concern 101 and the
second area of mismatch concern 103 as well as to address conductor density mismalches

between the first area of mismatch concern 101 and the second area of mismatch concern 103,

{0031] For example, aud as one example only, looking at the second area of mismatch
concern 103, dummy conductor material 201 may be placed within the second low pattern
density region 113, the third low pattern density region 115, and the fourth low pattern density
rcgion ! 17 in order to raisc the conductor density of these regions in order to reduce the intemal
mismatch of the second area of mismatch concern 103 between these regions and the second
hiph pattem density region 119, In an embodiment dummy conductor material 201 may be
added until the conductor density mismatch between each of the second low pattern density
region 113, the third low paitern density region 115, and the fourth low pattern density region

117 is within about 10% of the conductor density of the second high pattern density region 119,
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such as being within about 5% or even within about 2.5%. However, as one of ordinary skill in
the art will recognize, the precise amount of allowable mismatch may be determined from the

design and tolerances of the devices located within the second area of mismatch concexn 103,

[0032] Similarly, looking at the first area of mismatch concern 101, dummy conductor
material 201 may be placed within the first low pattern density région 104 in oxder to address 2
mismatch of conductor density between the first low pattern density region 104 and the fixst high
pattern dénsity region 102. For cxamplo, dummy conductor material 201 may be placed into the
first l;)w pattern. density region 104 in order to bring the conductor density of the first low pattern
density region 104 to within about 10% of the first high pattern density region 102, suchas to
within about 5% or even within about 2,5%, although the precise amount may be determined
from the design and tolerances of the devices located within the first area of mismatch concern

101,

[0033] Additionally, while the dumxﬁy conductor material 201 may be utilized es described
above to reduce the internal conductor density mismatch of the first area of mismatch concern
101 and internal conductor density mismatch of the second area of mismatch concern 103, the
addition of dummy conductor material 201 may also be utilized to address conductor density
mismatches between the first area of mismatch concern 101 and the second area of mismatch
concern 103. For example, in an embodiment in which the sccond conductor density (of the
second arca of mismaich concern 103) is lower than the first conductor density (of the first area
of mistnatch concern 101), dummy conductor material 201 may be added to the second low
pattern density region. 113, the third low pattern density region 115, and tﬁe fourth low paitem
density region 117 in order fo bring the second conductive density to within a desired mismatch

range, such as [ess than 10% from the first conductor densily, such as fess than 5% or even less
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than 2.5% of the first conductor density. Altematively, if the second conductor density is greater
than the first conductor density, dummy conductor material 201 may be added to the first low
pattern density region 104 in order to bring the first conductive density to within the desired 10%

of the second conductive density, such as fo within 2.5% of the second conductive density.

[0034) Additionally, if bringing the external conductor mismatches of the first area of
misrhatch concern 101 and the second area of mismatch concern 103 forces force the internal
conductor mismatches out of the desired internal conductor mismatch allowance (e.g., 2.5%
mismatch between the first low pattern density region 104 and the first high pattern density
region 102), an iterative process can be performed fo bring the Internal conductor mismatches
and the external conductor ﬂn’smatches into the desired allowances. In such an iterative process
dummy conductor material 201 may be added or subtracted from the first low pattern density
region 104, the second low pattern density region 113, the third low patterﬁ density region 115,
and the fourth low pattern density region 117 as needed in order to bring both the internal

conductor mismatches and the external conductor mismaiches to within the desived allowances.

[0035) For example, once the interqal conductor mismatches of both the first area of
mismaich concern 101 and the second area of mismatch concern 103 have been addressed, the
external conductor mismatches between the fitst arca of mismateh concern 101 and the second
area of mismatch concern 103 may be addressed. If addressing the external conductor
mismatches pushes the infernal conductor mismatches outside of the desired allowance, the
internal conductor mismatches may be looked at again and adjusted a second time to bring them
back to within the desired allowances. If this sect;nd adjustment to the internal conductor
mismaiches pushes the external conductor mismatches out of their desired allowances, then the

external conductor mismatches may be again addressed. This iterative process may be continued
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uniif hoth the internal conductor mismatches and external conductor mismatches are within their

respective desired allowances,

10036 However, the iterative process described above is not the only method that may be
used fo address both the intexrnal conductor mismatches and the external conductor mismatches,
and -embodiments should not be construed to require the exact process described. Any suitable
process of achieving the desived tolerances of both the internal conductor mismatches and the
external conductor mismatches, such as a suiteble optimization routing or algorithm, may

alternatively be utilized and still remain within the scope of the present embodiments,

[0037] Figure 2 also shows that durnmy active areas 203 may also be utilized within the first
low pattemn density region 104, the second low pattern density region 113, the third low pattern
density region 115, and the fourth low pattern density region 117 in order to address the intemal
active area density mismatches (within the first area of mismatch concezn 101 and the second
ares of mismatch concern 103) and the external active area mismatch (between the first area of
mismatch concern 101 and the second area of mismatch concern 103). The process of bringing
the internal active area density mismatches and the external active area density mismatches may
be performed similar to the process described above with respect to the internal conductor
mismatches and the external conductor mismatches (e.g., an iterative ox other optimization

process),

{0038] In an embodiment, the dummy active areas 203 may be placed within the first low
pattern density region 104 to bring the active arca mismetches of the first low pattern density
region 104 o within about 16%, such as about 5% or even within about 2.5%, of the first high
pattern density region 102. Additionally, the dummy active areas 203 may be placed within the
second low pattern density region 113, the thivd low pattern density region 115, and the fourth
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low pattern density region 117 to bring the active area mismatches of the second low pattern
density region 113, the third low pattern density region 115, and the fourth low pattern density
region 117 to within about 10%, such as about 5% or even, within about 2.5%, of the second high
pattern density region 119. Finally, the dummy active areas 203 may be utilized to bring a first
active arca densily (the overall active arca density of the first arca of mismatch conecrn 101) to
within about 10%, such as to within abont 5% or even within about 2.5%, of the second active

area density (the overall active area density of the second area of mismatch concern 103).

[003%] The dummy conductor material 201 and dumray active areas 203, in an embodiment,
may be placed in oxder to form other semiconductor structures. For example, the inserted
dummy conductor meterial 201 and dummy active areas 203 may be inserfed and placed relative
to each other (such as the dummy conductor material 201 overlying the dummy active areas 203)
to form such structures as decoupling cepacitars, guard tings, MOS transistors, or the like,
Alternatively, the dummy conductor matetial 201 and dummy active areas 203 may be formed
separately from each other for the sole puipose of increasing either the conductor density or the
active area density. Any suitable combination of dummy conductor material 201 and dummy

active areas 203 may alternatively be ulilized,

[0040] Figure 3 illustrates the placement of dummy conductor material 201 and dummy
active areas 203 into the surrounding areas 108 of the semiconductor substrate 103 around the
first area of mismatch concern 101 and the second atea of mismatch concetn 103 in order to
address conductor density and active arer density mismatches between the first area of mismatch
concern 101 and the second area of mismatch concern 103 and their surroundings, Inan
embodiment, an average conductor density may be deteymined by averaging the final conductor

density of the first area of mismatch concern 101 and the final conductor density of the second
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area of mismatch concern 103 {(determined as described above with respect to Figure 2), while an
average active area density may be determined by averaging the final active aces density of the
first area of mismatch concern 101 and the final active area density of the second area of

mismatch coneern 103,

[0041] Once an average conductor density and an average active area density have been
determined, dummy conductor material 201 and dummy active areas 203 may be placed into the
surrounding arcas 108 of the semiconductor substrate 105 around the first arca of mismatch
concern. 103 and the second area of mismatch concern 103 such that the surrounding region has
the average conductor densily and average active area density. The placement of the dummy
conductor material 201 and the dummy active areas 203 may be performed similar to the
placement of the dummy conductor material 201 and the dummy active areas 203 within the first
low pattern density region 104, the second low pattemn density region 113, the third low pattern
density region 115, and the fourth low pattera density region 117 (described above with respect
to Figure 2). For example, the dummy conductor material 201 and the dummy active areas 203
may be placed and formed in conjunction with each to form other struchires (such as decoupling

capacifors, guard rings, ctc.), or clsc may be formed scparately from cach other.

[0042) Additionslly, in an embodiment in which the surrounding areas 108 of the
semiconduotor substratc 105 acially contains some functional structurcs (not cxplicitly shown
in Figure 3), the dummy conductor material 201 and dummy active areas 203 may be placed and
formed around the functional structures so as to increase the conductor densily and the active
area density of the surrounding areas 108 of the semiconductor substrate 105 without interfering

with the functional structures,
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10043] By reducing the density mismatch between areas of high paitern density and areas of
low patiern density, subsequent issues of step gate heights, lithographic alignments, and variable
gate widths may be reduced, These reductions can improve variations of the threshold voltages
between the devices being manufactured, as well as improving variations in drain current

between the devices.

[0044] Figure 4A illustrates a flow chart that may be utilized for density mismatch
reduction. In a first stop of Figurc 4A 401 a first density mismatch arca and a sccond density
mismatch area are set, After being set, an internal density of the first density mismatch area may
be adjusted to address internal density mismatches of the first density mismatch area in a second
step of Figure 4A 403. Separately from the second step of Figure 4A 403, an internal density of -
the second density mismatch arer may be adjusted to address infernal density mismatches of the
second density mismatch atea in & third step of Figure 4A 405. Once the internal density
mismatches have been addressed in the second step of Figure 4A 403 and the third step of Figure
4A 405, in a fourth step of Figure 4A 407 the internal densities of either the fiist or second
density mismatch areas may be adjusted to address an external density mismatch between the

first density mismatch area end the second density mismatch area.

[0045] After the fourth step of Rigure 4A 407, a determination is made as to whether or not
the adjustments from the fourth step of Figure 4A 407 pushed the internal density mismatches
outside of their al lowable tolerances in a fifth step of Figure 4A 409, If they did, then the
process may be returned to a point prior to the second step of Figure 4A. 403 and the third step of
Figure 4A 405 in order to iteratively bring the internal and external mismatches info their
prescribed tolérances. If the adjustments from the fourth step of Figure 4A 407 did not cause the

internal density mismatches to move oufside of theix allowable tolerances, then the density of
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areas atound the first density mismatch avea and the sccond density mismatch area may be
adjusted to address density mismatches between the surroundi;lg areas and the first density

mismatch area and the second density mismatch area in a sixth step of Figure 44.411.

[0046) Figure 4B illustrates au alternative procedure for implemented the embodiments.
The fixst step of Figure 4B 401 may be similar to the fizst step 401 illustrated in Figure 44, in
which a first density mismatch area and a second density mismaich area are set. In a second step
402 of Figurc 4B, an intcrnal density of cither the first or sccond density mismatch arcas may be
adjusted to address an external density mismatch, After the external density mismatches have
been addressed, an internal density of the first density mismatch area may be adjusted to address
internal density mismatches in a third step of Figure 4B 404, and, separately, an internal density
of the second density mismatch area may be adjusted to address internal density mismatches of

the second density mismatch area in a fourth step of Figure 4B 406.

[0047] Afver the fourth step of Figure 4B 406, a determination is made as fo whether or not
the adjustments from the fourth step of Figure 4B 406 pushed the external densities outside of
their allowable tolerances in a fifth step of Figure 4B 408, If the adjustments from the fourth
step of Figure 4B 406 did push the external densities outside of their allowuble tolerances, then
the process returns fo a point prior 1o the second step of Figure 4B in order fo iteratively bring
the internal and external mismatches into their prescribed tolerances, If the adjustments from the
fourth step of Figure 4B 406 did not eause the external density mismatches to mave outside of
their allowable tolerances, then the densify of areas around the first density mismatch area and
the second density mismatch area may be adjusted to address density mismatches between the
surrounding areas and the first density mismatch area and the second density mismatch areaina

sixth stop of Figure 4B 413.
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10048] However, as ong of ordinary skill in the art will recognize, the two procedures laid
out in Figure 4A and 4B are not the only order of process steps that may be utilized to implement
the density mismatch reduction procedures. Any suitable order or rearrangement of process
steps may alternatively be utilized and are fully intended to be included within the scope of the '

cmbodiments,

[0049] Figure 5 illustrates a block diagram of & proce:ssing system 500 that may be used to
implement the steps illustrates in Figures 4A-4B. The processing system 500 is a gencral
purpose computer platform and may be used to implement any or all of the processes discussed
herein. The processing system 500 may comprise a processing unit 504, such as a desktop
computer, a workstation, a laptop computer, or a dedicated unit customized for a particular
application. The processing system 500 may be eguipped with a display 503 and one or more
input/output devices 505, such as a mouse, a keyboard, o.r printer. The processing unit S04 may
include a central processing unit (CPU) 506, memory 508, a mass storage device 510, a video

adapter 514, and an I/O inlerface 516 connected to a bus 512,

[0050] The bus 512 may be one or more of any type of several bvs architectures including a
memory bus or memory controlier, 4 peripheral bus, or video bus. The CPU 506 may comprise
any type of electronic data processor, and the memary 508 may comprise any {ype of system
memory, such as static random access memory (SRAM), dynamic random access memory

(DRAM), or read-only memory (ROM).

[0051]  The mass storage device 510 may comprise any type of storage device configured to
store data, programs, and other information and to make the data, programs, and other
information accessible via the bus 512. The mass storage device 510 may compise, for
example, one or more of a hard disk drive, a magnetic disk drive, or an optical disk drive.
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10052] The video adapter 514 and the /O interface 516 provide interfaces fo couple external
input an;l output devices to the processing unit 504. As illustrated in Figure 5, examples of input
and output devices include the display 503 coupled to the video adapter 514 and the I/O
component 505, such as 2 mouse, keyboard, printer, and the like, coupled fo the /0 interface
516. Other deviees may bhe coupled to the processing wnit 504, and additional or fewer interface
cards may be utilized. For example, a serial interface card (not shown) may be used to provide a
serial interface for a printer. The processing unit 504 also may include a network interface 518
that may be a wired link to a local area network (LAN) or 2 wide area network (WAN) 520

and/or a witeless link.,

[o0s3] It should be noted that the processing system 500 may include other components,
For example, the processing system 500 may inctude power supplies, cables, a motherboard,
removable storage media, cases, and the like. These other components, atthough not shown, are

considered part of the processing system 500.

[0054] Embodirments of the mismatch reduction procedures (e.g., the procedures illustrated
in Figures 1-4B) may be implemented on the processing system 500, such as by program code
executed by the CPU 506. For instance, the mismatch reduction procedures may be input into
the processing system 500 by inputting each of the individual steps using, e.g., IO corponent
505, Additionally, the mismatch reduction procedures may be stored in the mass storage device
510. When desired, a nset (not shown) may use the CPU 506 and the memory 508 to implement

the mismatch reduction procedures.

[0055] In accordance with an embodiment, a method for reducing mismatch comprising
detexmining a numerical first density in a high density region of a semiconductor substrate and a

second density in a low density region of the semiconductor subsirate, the high density repion
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being adjacent the low densily region is provided. The second density in the low density region

is raised by adding dummy material in the low density region.

ja0s6] In accordance with another embodiment, a method for reducing mismatch
comprising calculating a fitst density in a first region of a semiconductor device and a second
density in a second regton of the semiconductor device is provided. The first density and the
second density are adjusted to generate an adjusted first density and an adjusted second density,
the adjusting comprising adding dummy material to the first region and the sccond region, the

adjusting also reducing a first density mismatch between the first region and the second region.

[0057] In accordance with yet another embodiment, a semiconductor device comprising a
first region on a semiconductor subsirate, the first region having a first density and comprising a
first functional region and 4 first dummy region is provided. A second region is located on the
semiconductor substrate, the second region having a second deunsity and comprising a second
fonctional region and a second dummy region, wherein the first density and the second density

are within 2.5% of each other

[0058]) Although embodiments and their advantages have been described in detail, it should
be understoed that various changes, substitutions and allerations can be made herein without
departing from the spirit and scope of the embodiments. For example, while the density
mismaiches have been described in ferms of conductor densities and active areas densities, other
structural densities may also be utilized to reduce deasity mismatches within a semiconductor

device,

[0059] Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter, means,

methods and steps described in the specification., As one of ordinary skill in the art will readily
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appreciate from the disclosure of embodiments, processes, machines, manufacture, compositions
of matter, means, methods, or steps, presently existing or later to be developed, that perform
substantially the same function or achieve substantially the same result as the corresponding
embodiments described herein may be utilized a¢cording to the embodiments. Accordingly, the
appended claims arc intended 1o include within their scope such processes, machines,

menufacture, compositions of matter, means, methods, or steps.
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WHAT IS CLAIMED IS:

1.

5.

A method for reducing mismatch comprising:

determining a numerical first density of conductive structures within
an active device in a high density region of a semiconductor substrate
and a second density in a low density region of the semiconductor
substrate, the high density region being adjacent the low density region;
and

raising the second density in the low density region by adding

dummy material in the low density region.

The method of claim 1, wherein the first density is an active area density.

The method of claim 1, wherein the first density is a conductor density.

The method of claim 1, further comprising:

determining a first overall density of a first region, wherein the first
region comprises the high density region and the low density region;

determining a second overall density of a second region of the
semiconductor substrate; and

adjusting either the first overall density or the second overall density
to reduce a density mismatch between the first region and the second

region.

The method of claim 4, wherein the adjusting either the first overall

density or the second overall density reduces the density mismatch between

the first region and the second region to within 2.5 % of each other.

6. The method of claim 4, further comprising adding the dummy material to

a third region outside of and adjacent to the first region, the adding the dummy

material raising a third density of the third region to reduce the density
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mismatch between the third region and the first region.

7. The method of claim 1, wherein the raising the second density reduces
the density mismatch between the low density region and the high density

region to within 2.5% of each other.

8. A method for reducing mismatch comprising:
calculating a first density in a first region of a semiconductor device
and a second density in a second region of the semiconductor devic;e,
wherein the first density and the second density are densities of

conductive structures of active devices; and
adjusting the first density and the second density to generate an
adjusted first density and an adjusted second density, the adjusting
comprising adding dummy material to the first region and the second
region, the adjusting also reducing a first density mismatch between the

first region and the second region.

9. The method of claim 8, wherein the adjusting the first density and the
second density is continued until the first density mismatch is less than about

2.5%.

10. The method of claim 8, further comprising:
determining a first internal density in a high density region of the first
region;
determining a second internal density in a low density region of the
first region; and
adjusting the second internal density in the low density region until
an internal density mismatch between the first internal density and the
second internal density is less than about 2.5 %, the adjusting comprising

adding the dummy material to the low density region.
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11. The method of claim 8, wherein the first density is a conductor density.

12. The method of claim 8, wherein the first density is an active area density.

13. The method of claim 8, further comprising:

determining a third density in the first region and a fourth density in

the second region of the semiconductor device; and

adjusting the third density and the fourth density by adding dummy

material to the first region and the second region, the adjusting reducing a

second density mismatch between the first region and the second region,

wherein the first density is a conductor density and the third density is an

active area density.

14. The method of claim 8, further comprising:

determining an average density from the adjusted first density and

the adjusted second density; and

adjusting a third density in a third region to the average density, the

third region being between the first region and the second region.

15. A method for reducing mismatch comprising:

calculating a first numerical number that represents a first density of

first conductive structures in a first region, wherein the first conductive

structures are part of first active devices;

calculating a second numerical number that represents a second

density of second conductive structures in a second region, wherein the

second conductive structures are part of second active devices;

comparing the first numerical number to the second numerical

number; and

adjusting the first density or the second density based at least in part

on the comparing the first numerical number to the second numerical
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number.

16. The method of claim 15, wherein the first density of first conductive

structures is an active area density.

17. The method of claim 15, wherein the first density of first conductive

structures is a gate electrode density.

18. The method of claim 15, wherein the adjusting the first density or the
second density is continued until the first density mismatch is less than about
2.5%.

19. The method of claim 15, further comprising:
calculating a third numerical number that represents a third density of
conductive structures in the second region;
calculating a fourth numerical number that represents a fourth
density of conductive structures in the second region; and
adjusting the third density and the fourth density by adding dummy
material to the first region and the second region, the adjusting reducing a
density mismatch between the first region and the second region, wherein
the first density is a gate ele(;trode density and the third density is an

active area density.

20. The method of claim 15, further comprising:
determining an average density after the adjusting the first density or
the second density; and
adjusting a third density in a third region to the average density, the

third region being between the first region and the second region.
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