
WO 02/099865 PCT/US02/13884 METHOD OF FORMING AN INTEGRATED CIRCUIT DEVICE
USING DUMMY FEATURES AND STRUCTURE THEREOF 5 Field of the Invention This
invention relates in general to integrated circuit devices and  more
particularly, to integrated circuit devices having dummy features.
Background  10 Polishing is used to planarize surfaces in forming
integrated circuit devices. Traditionally, no tiling has been used in
forming integrated  circuit devices. When no tiling is used, polishing
causes dishing or other  problems related to non-uniform thickness across
an integrated circuit  device substrate. These problems include,exceeding
the depth of focus 15 for lithography or etch related concerns. Dummy
features have been used in an attempt to solve the  problems related to
dishing and other accumulated thickness effects.  Dummy features used to
aid polishing are formed by "tiling" because,  from a top view of the
integrated circuit device, the pattern of dummy 20 features looks like
tiles. The process for tiling typically includes creating  a circuit
layout, defining a buffer zone (typically in a range of  approximately 1-10
microns) around active features within the layout,  and combining the
circuit layout with the minimum zone to determine  excluded areas. All
other areas are available for tiling. 25 Regardless of circuit density,
tiling is used if the distance between  any of the active features is at or
above a minimum width except for 



* 166166* *ACTION* WO 02/099865 PCT/US02/13884 certain exclusion zones.
Typically, the minimum width is no more than  10 microns, and can be
approximately 10 microns. Tiles or at least  partial tiles are placed in
available areas at least 5 microns wide. The  tiling pattern (i.e. size and
density of tiles) is usually the same across the  integrated circuit
device. See FIG. 5 in each of United States patent  application number
5,278,105 and European published patent  application number 0 712 156
(1996). Although portions of tiles are  missing, the same feature density
is used. 10 WO 02/099865 Brief Description of the Drgwbo PCT/US02/13884 The
present invention is illustrated by Way Of example and not by  5 limitation
in the accompanying figures, in which like references indicate  similar
elements, and in -which: FIG. I includes an illustration of a
cross-sectional view of a portion  of a semiconductor substrate and
patterned layers; FIG. 2 includes an illustration of a cross-sectional
view- of the  10 semiconductor substrate and patterned layers after
depositing a first  dielectric layer over the patterned layers; FIG. 3
includes an illustration of a cross-sectional view of the  semiconductor
substrate and patterned layers after polishing; FIG. 4 includes an
illustration of a cross-sectional view of the  



15 semiconductor substrate after removing the patterned layers; FIG. 5
include s an illustration of a cross-sectional view of a portion  of the
semiconductor substrate after forming a conductive layer; FIG. 6 includes
an illustration of a cross-sectional view of a portion  of the
semiconductor substrate after removing a portion of the 20 conductive
layer; FIG. 7 includes an illustration of a cross-sectional view of a
portion  of the semiconductor substrate with dummy features, patterned
layers  and a first dielectric layer in accordance with an embodiment of
the  invention; 25 FIG. 8 includes an illustration of a cross-sectional
view of a portion  of A semiconductor substrate after removing a portion of
the first -3 WO 02/099865 PCTIUS02/13884 dielectric layer in accordance
with an embodiment of the present  invention; FIG. 9 includes an
illustration of a cross-sectional view of a portion  of a semiconductor
substrate after removing the patterned layers and 5 forming the second
dielectric layer and the conductive layer in  accordance with an embodiment
of the present invention; FIG. 10 includes an illustration of a
cross-sectional view of a  .portion of a semiconductor substrate after
removing a portion of the  conductive layer in accordance with the present
invention; and 10 FIG. 11 includes an illustration of a planar view of one
embodiment of the present invention. 



Skilled artisans appreciate that elements in the figures are  illustrated
for simplicity and clarity and have not necessarily been drawn  to scale.
For example, the dimensions of some of the elements in the 15 figures may
be exaggerated relative to other elements to help improve  the
understanding of the embodiments of the present invention. -4 WO 02/099865
PCT/US02/13884 Detailed Description of the Drawings Physical proximity
effects, electrical proximity effects, or both are  taken into account when
determining where to place polishing dummy  features. Polishing dummy
features can be inserted, removed, moved, 5 or otherwise modified at one or
more feature levels to achieve sufficient  planarity without adversely
affecting the performance of the integrated  circuit device. In essence,
more selective placement of polishing  dummy feature patterns, rather than
somewhat indiscriminate placement  of polishing dummy feature patterns, is
used. When implemented to its 10 greatest extent, embodiments of the
present invention allow for sufficient  planarity. A number of terms are
defined below to aid in the understanding  the specification. 1. Active
features are features that correspond to the designed  15 circuitr y for an
integrated circuit device. The active features include  portions of
transistors, capacitors, resistors, or the like. Active features  include
power supply features, which are designed to operate at a  substantially
constant potential, and signal features, which are designed  



to operate at one potential under one set of electronic conditions and a 20
different potential at another set of electronic conditions. 2. Control
features are features that help control the processing  of a semiconductor
substrate. Control features include alignment  marks, structures for
measuring dimensions of features ("CD bars"),  electrical test structures,
and the like. The control features are typically 25 located within scribe
lines between dice on an integrated circuit device  substrate. -5 WO
02/099865 PCT/US02/13884 3. Environmental protection features are features
having a  primary (most important) function of protecting an integrated
circuit  device from post-fabrication environmental conditions. An edge
ring  seal around the die is the most common and about the only example of
5 an environmental protection device. The edge ring seal provides mobile
ion protection during dicing and packaging operations. 4. Integrated
circuit area is the portion of the die with the active  features.
Typically, the integrated circuit area is bounded by bond pads  near the
edge of the die. 10 5. Peripheral area is the portion of a die that lies
between the  integrated circuit area and the scribe lines. In many
integrated circuits,  the peripheral area is the portion of the die lying
between the bond pads  and the scribe line. 6. Resolution-assist features
are sub-resolution features that 15 assist in the resolution of active
features that are to be printed onto an  



integrated circuit device substrate. The resolution-assist features are
present in a mask but are not printed as separate features onto a
semiconductor substrate. Phase shifters are examples of resolution- assist
features. For the purposes of this specification, features added 20 for
optical proximity correction are considered resolution-assist features.  7.
Dummy features include features printed onto an integrated  circuit device
substrate, where the features are not any of the other  types of features
defined above. Different types of dummy features are  used in integrated
circuit devices for various reasons. Dummy bit lines 25 are used in memory
arrays along the outermost edges to allow all the  active bit lines in the
array to be uniformly patterned. Unlike dummy bit -6 WO 02/099865
PCT/US02/13884 lines, polishing dummy features are dummy features added at
a feature  level of a mask of an integrated circuit device to improve
polishing  characteristics at the current or a subsequently formed level. A
polishing dummy feature is not required for the proper operation of a 5
device. 8. Electronic design rules are rules for minimum spacing, size of
features, or overlap between features within an integrated circuit. The
electronic design rules are determined in part by processing margins  and
device performance (immunity to latch up, leakage current, etc.) 10 9.
Polishing dummy feature design rules are a subset of the  electronic design
rules but are specific to polishing dummy features.  



Traditionally, the minimum spacing between a polishing dummy feature  and
an active feature or another polishing dummy feature is at least one
micron and typically is no more than approximately ten microns. 15 10.
Differential exclusion zone is the difference, at the same  feature level,
between the minimum spacing between a polishing  dummy feature and an
active feature and the minimum spacing between  two active features. 11.
Dummy available region is the portion of a die that can be 20 occupied by
dummy features. This portion is the difference between the  area of the die
and active control or environmental protection features  and the features
corresponding exclusion zones. In a preferred.  embodiment, this area is
void of any active features. 12. Feature density is calculated by
determining the fraction of an  25 area that is occupied by features. In
one embodiment, the area is  square or circular in shape. -7  WO 02/099865
PCT/US02/13884 13. Low local feature density is a particular type of
feature density.  The term "local" means that the area has a width and a
height of  approximately 5 to 35 microns. A low local feature density value
will  usually be found in the vicinity of a small active feature (less than
5 approximately 3 microns on each side) when there are no other features
on any side of the small active feature for a distance of at least
approximately 10 to 15 microns. 



In one embodiment, the integrated circuit device has a first region  at a
feature level having a first desirable dummy feature density of zero,  10 a
first local area in the first region, a second region at the feature level
having a second desirable dummy feature density which is greater than  the
first desirable dummy feature density, a first active feature 25 in the .
first local area, a second active feature 12 in the first local area, a
dummy-available region between the first active feature and the second 15
active feature having a dummy-free region traversing a first distance,  and
a first dummy feature 14 in a portion of the dummy-available region
adjacent to the second active feature so that the first desirable dummy
feature density is exceeded. In one embodiment, the desirable density
feature density is calculated over an area greater than approximately  20
100 x 100 microns. In another embodiment, the integrated circuit device has
a first  active feature region free from polishing dummy features 14, a
polishing  dummy feature region, and a dummy-available region adjacent to
at  least a portion of the polishing dummy feature region. The polishing 25
dummy feature region has a first polishing dummy feature density  adjacent
to and surrounding the first active feature region and the WO 02/099865
PCTfUS02/13884 dummy-available region has a second polishing dummy feature
density.  The second polishing dummy feature density is substantially less
than  the first polishing dummy feature density. In one embodiment, the
first  active feature region is less than 400 square microns. 5
Additionally, the dummy-available region may be at least 400 square  



microns. The integrated circuit device may also be partially populated
with active features. The polishing dummy feature region may also have  at
least rows of dummy features surroundi ng the first active feature  region.
The present invention is defined by the claims and is better 10 understood
after turning to the figures. FIG. 1 is a cross-section of an area between
subsequently formed  transistors before formation of gate electrodes of an
integrated circuit  device of semiconductor device. The transistors are
formed on a  semiconductor substrate 10. The semiconductor substrate 10
maybe 15 silicon, silicon on insulator (SOI), gallium arsenide or the like.
In a  preferred embodiment, semiconductor substrate 10 is monocrystalline
silicon or polycrystalline silicon. Both an active feature 12 and an active
feature 25 are formed from portions of the semiconductor substrate 10,  a
pad oxide layer 40 and a nitride layer 60. To form the active features 20
12 and 25, the pad oxide layer 40 and the nitride layer 60 are formed by
any suitable process such as chemical vapor deposition (CVD), physical
vapor deposition (PVD), a spin-on process, thermal growth, the like and
combinations of the above. In one embodiment, the pad oxide layer 40  is
140 Angstroms (in thickness) of silicon dioxide and is formed by 25 thermal
growth. In the same or a different embodiment the nitride layer  60 is 1400
Angstroms (in thickness) and is deposited by CVD or PVID. -9 WO 02/099865
PCTIUS02/13884 Next, the pad oxide layer 40, the nitride layer 60 and the
semiconductor  substrate 10 are patterned and etched to form trenches 15
and 35 and  



active features 12 and .25. The trenches 15 and 35 contain dummy-available
regions. 5 The trench 15, which is within semiconductor substrate 10,
separates  the active features 12 and 25 by at least approximately 10
microns or  more specifically at least approximately 20 microns. Active
feature 12  has a low local feature density. In this embodiment, the width
of active  feature 12 is approximately 0.2 microns. The width of active
features 25 10 and 12 is measured at the top of the feature. In one
embodiment, active  feature 12 is separated from another active feature by
trench 15, which  is at least 10 microns in length. The trenches 15 and 35
contain  dummy-available regions. In one embodiment, the active feature 25
is  at least as wide as active feature 12. In another embodiment, the
active 15 feature 12 has a width substantially smaller than the width of
the active  feature 25. In one embodiment, the active feature 25 is 10
microns in  width. In another embodiment, the active feature 25 is a group
of  smaller active features. The smaller active features can be a plurality
of  high-density active features. In this embodiment, the width of the
group 20 of active features 25 would be the total of the width of each
active  feature (at the top of the feature) plus the distance between each
active  feature measured between the tops of the features. A first
dielectric layer 80 is deposited over the remaining nitride  layer 60 and
within trenches 15 and 35, as shown in FIG. 2. Typical 25 processes for
depositing a dielectric such as CVD, PVD, combinations  of the above, and
the like are used. Typically, dielectric layer 80 is -10 



WO 02/099865 PCTIUS02/13884 3,000-10,000 Angstroms of silicon dioxide. The
first dielectric layer 80 is  planarized using a chemical mechanical
polishing (CMP) process which  results in a first substantially planar
surface 90 and a second substantially planar surface 95, as shown in FIG.
3. After planarization,  5 the first dielectric layer 80 primarily remains
only within the trenches 15  and 35. In addition, the nitride layer 60 is
thinner resulting in a nitride  layer 62. The substantially planar surfaces
90 and 95 within the trench  15, however, are not substantially coplanar
with each other, which was  discovered by the Inventors. In other words,
the first dielectric layer 80 10 has substantially different thicknesses
after planarization depending on  where within the trench 15 the thickness
is measured. This is due to the  different polishing rates of the first
dielectric layer 80 over the active  features 12 and 25. The nitride layer
62 and the pad oxide layer 40 are removed using  15 a wet etch, dry etch,
combinations of the above or the like. In one  embodiment, a dry etch is
performed using chemistries including  fluorine, such as CF4 or NF3, remove
the pad oxide layer 40 and  chemistries including carbon and fluorine, such
as CF4, remove the  nitride layer 62. The etch results in recesses 200
within the first 20 dielectric layer 80, as shown in FIG. 4. Turning to
FIG. 5, a second dielectric layer 100 is formed over  active features 25
and 12. In one embodiment, second dielectric layer  100 is a thermally
grown silicon dioxide layer. Alternately, CVD, PVD,  the like and
combination of the above may be used to form second 



25 dielectric layer 100. If CVD or PVD is performed, patterning and etch
processing may be needed. In another embodiment, the second -11 WO
02/099865 PCT/US02/13884 dielectric layer can be formed by CVD, PVD or
atomic layer deposition  (ALD) and can be a high-K material such as ZrO2
and Hf02. The  second dielectric layer 100 will be patterned and etched to
form the gate  oxide of a transistor formed in an adjacent area of the
semiconductor 5 device. A conductive layer 110 is deposited over substrate
10 by CVD,  PVD, combinations thereof, or the like. The conductive layer
110 can be  polysilicon, a material including a metal, or another
conductive material.  The conductive layer 110 will be patterned and etched
to form a gate  electrode of a transistor being formed over the
semiconductor substrate  10 10. After conductive layer 110 and dielectric
layer 100 are removed by  a wet etch, dry etch, or combination of the
above, a stringer 120 can  remain in the recess 200, as shown in FIG. 6.
The stringer 120 is  undesirable because it can electrically connect the
gate electrodes of 15 multiple transistors on the die, which are formed on
either side of the  area shown in the figures. In another embodiment, the
stringer 120  causes a short or leakage of the integrated circuit device.
The Inventors  have recognized that problems such as the stringer 120 are
due to the  different polishing rates of active features 25 and 12. 20 To
compensate for the varying polishing rates of the first dielectric  layer
80, dummy features 14 are formed during the formation of active  



feature 12 within close proximity to either side of active feature 12 and
within dummy-available regions or trenches 15 and 35 as shown in FIG.  7.
Like the active features 25 and 12, the dummy features 14 include 25 the
pad oxide layer 40 and the nitride layer 60. In one embodiment, the  dummy
features 14 are approximately 1-20 microns in width or more -12 WO
02/099865 PCTIUS02/13884 preferably, 1-10 microns in width. In one
embodiment, they are wider  than active feature 12. The widths of the dummy
features 14' are also  measured at the top of the feature. In one
embodiment, the dummy  features 14 are at least as wide as the active
feature 12. In one 5 embodiment, the trench 15 is at least 5 times the
width of the dummy  features 14 or more specifically 5-10 times the width
of the dummy  features 14. In one embodiment, there is a dummy available
region  between the active feature 25 and the dummy feature 14 that is void
of  dummy features 14, which can also be referred to as a dummy-free 10
portion, and is at least 20 microns wide. In another embodiment, the  dummy
feature 14 is located in a first dummy-available region that  separates the
active feature 12 and the active feature 25 by at least 20  microns. The
dummy feature 14 is in close proximity to the active  feature 12. In one
embodiment, the dummy feature 14 is within about 1 15 to 10 microns of the
active feature 12. Furthermore, in one  embodiment, the active feature 12
is substantially smaller in width than  active feature 25. In this
embodiment, there is a second dummy- available region between the dummy
feature 14 and the active feature  



25, which is at least 20 microns wide and void of dummy features. 20
Additionally, there could also be another dummy feature in the first
dummy-available region. The first dielectric layer 80 is deposited over the
active features  25 and 12 and the dummy features 14, as is shown in FIG.
7. Any  materials or processes previously discussed in regards to the first
25 dielectric layer 80 can be used. -13 WO 02/099865 PCT/US02/13884 After
the dielectric layer 80 and portions of nitride layer 60 are  removed, a
surface 170 of the integrated circuit device is substantially  planar, as
shown in FIG. 8. It is possible that in the dummy-available  region without
dummy features between the dummy features 14 and the 5 active feature 25,
that dielectric layer 80 may be non-planar. However,  this is not important
to the functionality of the device if there are no  active features within
this area as is the case in the preferred  embodiment. In addition, the
variation of thickness is over a smaller  area than if the dummy features
14 were not present and less than the 10 variation of the structure without
the dummy features 14. After polishing, the pad oxide layer 40 and the
nitride layer 62 are  stripped using a wet etch chemistry as previously
discussed. The  second dielectric layer 100 and the conductive layer 110
are formed  over semiconductor substrate 10, as shown in FIG. 9. The same
15 materials and processes as were previously discussed in regards to  FIG.
5 can be used. When the conductive layer 110 is removed the  



stringers 120 are not present when the dummy features 14 are added,  as is
shown in FIG. 10. This is due to the recess 200 being smaller and  more
consistent than without the dummy features 14. 20 If desired or necessary,
additional dummy features at the same or  a different feature level can be
added to the integrated circuit device to  account for other problems, such
as polishing issues. FIG. 11 shows a planar view of active features 25 and
12  surrounded by dummy features 14 and 30. As was previously described  25
in regards to FIGs. 7-10, the dummy features 14 were adjacent two sides of
the active feature 12. The active feature 12 was not necessarily -14 WO
02/099865 PCT/US02/13884 surrounded on all sides by dummy features 14 and
the active feature 25  was not surrounded by any dummy features 14. The
presence or  absence of the dummy features 14 surrounding the active
features 12  and 25 depends on the feature density at various edges of the
active -5 features 12 and 25. In one embodiment, as was previously
described,  the active feature 25 was not surrounded by any dummy features
because the feature density of the active feature 25 was great enough.  As
is illustrated in FIG. 11, in another embodiment, the active feature 25  is
fully surrounded by dummy features 30, because the active feature 25 10 has
a low local feature density. Thus, the dummy features 14 are added  to
increase the feature density. The plurality of dummy features 14  around
the active feature 25 are separated from the active feature 25 by  a first
distance, which can be the same distance that dummy features 14'  



are separated from active feature 12. In an alternate embodiment, if the 15
feature density is low at the corners of active feature 25 and not on the
edges, the dummy features 14 may only exist at the corners. The same  holds
true for the active feature 12. For example, in the embodiment  previously
described the active feature 12 was surrounded by the  dummy features 14 on
two sides. In an alternate embodiment, the 20 active feature 12 can be
surrounded on all sides by the dummy features  14, as shown in FIG. 11.
Again, this is dependent on the feature density  at certain corners and
edges of the active features 12 and 25.  Generally, if the feature density
is below 25 to 75 percent, dummy  features are added. 25 In the foregoing
specification, the invention has been described  with reference to specific
embodiments. However, one of ordinary skill -15 WO 02/099865 PCT/US02/13884
in the art appreciates that various modifications and changes can be  'made
without departing from the scope of the present invention as set  forth in
the claims below. For example, doping steps that may occur in  other areas
of the semiconductor substrate 10 to form the source and 5 drain regions of
the transistor may occur in between the processes  discussed. Accordingly,
the specification and figures are to be regarded  in an illustrative rather
than a restrictive sense, and all such  modifications are intended to be
included within the scope of present  invention. 10 Benefits, other
advantages, and solutions to problems have been  



described above with regard to specific embodiments. However, the
benefits, advantages, solutions to problems, and any element(s) that  may
cause any benefit, advantage, or solution to occur or become more
pronounced are not to be construed as a critical, required, or essential 15
feature or element of any or all the claims. As used herein, the terms
"comprises," "comprising," or any other variation thereof, are intended to
cover a non-exclusive inclusion, such that a process, method, article, or
apparatus that comprises a list of elements does not include only those
elements but may include other elements not expressly listed or inherent
20 to such process, method, article, or apparatus. WO 021099865
PCT/US02/13884 CLAIMS What is claimed is: 5 1 An integrated circuit device,
comprising:  a semiconductor substrate; a first active feature in the
semiconductor substrate of a first  width; a second active feature in the
semiconductor substrate 10 having a second width substantially smaller than
the  first active feature; a first dummy-available region in the
semiconductor  substrate separating the first active feature from the
second active feature by at least 20 microns, wherein 15 the first dummy
available-region is void of any active  features; 



a first dummy feature in the first dummy-available region and  in close
proximity to the second active feature; and a second dummy-available region
in the first dummy 20 available region separating the first dummy feature
from the first active feature by at least 20 microns,  wherein the second
dummy-available region is void of  dummy features. 25 -17 WO 02/099865
PCT/US02/13884 2. The integrated circuit device of claim 1, wherein the
second active  feature and the first dummy feature are separated by a first
distance. 5 3. The integrated circuit device of claim 2, further
comprising: a plurality of dummy features surrounding the second active
feature and separated from the second active feature  by the first
distance. 10 4. The integrated circuit device of claim 3 further comprising
a  second dummy feature in the first dummy-available region and in  close
proximity to the first active feature. 5. A method of making an integrated
circuit device on a  15 semiconductor substrate, comprising: simultaneously
forming in the semiconductor substrate a first  active feature of a first
width, a second active feature  of a second width which is separated from
the first  



active feature by a dummy-available region void of 20 active features, and
a first dummy feature of a third  width in the dummy available region; and
wherein the first dummy feature is in close proximity to the  second active
feature and separated from the first  active feature by a dummy-free
portion of the dummy 25 available region traversing a distance of at least
five  times the third width. -18 WO 02/099865 PCT/US02/13884 6. The method
of claim 5 further comprising forming in the dummy  available region a
second dummy feature in close proximity to the  .first active feature. 5 7.
The method of claim 6 wherein the third width is between  approximately one
to ten microns. 8. The method of claim 7 wherein the first active feature
comprises a  10 plurality of high-density active features. 9. An integrated
circuit device formed on a semiconductor substrate,  comprising: a first
region at a feature level having a first desirable  15 dummy feature
density of zero; a first local area in the first region; a second region at
the feature level having a second  desirable dummy feature density which is
greater than  



the first desirable dummy feature density; 20 a first active feature in the
first local area; a second active feature in the first local area; a
dummy-available region between the first active feature  and the second
active feature having a dummy-free  region traversing a first distance; and
-19 WO 02/099865 PCT/US02/13884 a f.,. ,St dummy feature in a portion of
the dummy-available  region adjacent to the second active feature so that
the  first desirable dummy feature density is exceeded. 5 10. An integrated
circuit device, comprising: a first active feature region free from
polishing dummy  features; a polishing dummy feature region having a first
polishing  dummy feature density adjacent to and surrounding  10 the first
active feature region; and . a dummy-available region adjacent to at least
a portion of  the polishing dummy feature region having a second  polishing
dummy feature density, wherein the second  polishing dummy feature density
is substantially less  15 than the first polishing dummy feature density. 


