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MAKI NG THE SAME Field of the Inventiqp ‘FL’O
This invention relates generally to integrated circuit fabrlc%% on,
and nore specifically to form ng a dumy structure on an integrated
circuit. 10 Background of the Invention

Some advanced sem conduct or devi ces enpl oy trench I sol ation as a
met hod for electrically isolating a Sem conduct or device from

nei ghboring structures. In short, trench isolation 15 structures are
formed by first patterning a masking | ayer on a

INTEGRATED CIRCUIT HAVING A DUMMY STRUCTURE
AND METHOD OF MAKING THE SAME

Field of the Invention
5
This invention relates generally to integrated circuit
fabrication, and more specifically to forming a dummy structure
on an integrated circuit.
10 Background of the Invention

Some advanced semiconductor devices employ trench
isolation as a method for electrically isolating a semiconductor
device from neighboring structures. In short, trench isolation

15 structures are formed by first patterning a masking layer on a
semiconductor substrate. A reactive ion etch (RIE) is then used to
remove exposed portions of the semiconductor substrate to form
trench structures. The trenches are then filled with a non-
conductive material such as silicon dioxide. Before the formation

20 of the semiconductor device can continue, the non-conductive
material must be polished to planarize the surface of the

- semiconductor substrate while maintaining a filled trench
structure.

The density of the trench structures, however, causes a

25 dishing problem when conventional polishing techniques such as
chemical and mechanical polishing (CMP) are used. As the density
of the trench pattern increases, the polish rate in that area
decreases due to the presence of the additional material that must
be removed. . As a result, isolated trench structures will polish must

30 faster than an area of the substrate that has a higher density of
trench structures. This will cause the non-conductive material in
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sem conductor substrate. A reactive ion etch (RIE) is then used to

renpve exposed portions of the sem conductor substrate to form trench
structures. The trenches are then filled with a non- conducti ve

mat erial such as silicon dioxide. Before the formation 20 of the

sem conduct or device can continue, the non-conductive mat eri al nust be
polished to planarize the surface of the sem conduct or substrate while
maintaining a filled trench structwe. - The density of the
trench structures, however, causes a 25 dishing probl em when conventi onal
pol i shing techni ques such as chem cal and nechani cal polishing (CW)
are used. As the density of the trench pattern increases, the polish
rate in that area decreases due to the presence of the addi ti onal
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material in  "dishing").
| One method used to correct for the dishing problem is to first
5 etch the conductive material with a reactive ion etch (RIE) using a
pattern that is the n-layer or opposite pattern used to originally
form the trenches. Thus the bulk of the non-conductive material is
removed with the RIE etch prior to the polish process. This n-
layer technique, however, requires and additional
10 photolithographic mask and processing step and is prone to
forming particle defects that will reduce the y1eld of the
semiconductor device.
Another technique that attempts to improve the planarity of
the non-conductive layer is to form dummy or tile structures
15 around the device. This is done by simply inserting dummy
| structures randomly through the device in an attempt to equalize
‘the polishing rate across the substrate. This technique, however,
can cause shorting between various well structures or between
interconnect structures that are used to form the device. This
20 method can also affect the performance of the device by inserting
large structures that change the capacitance of the device.
By now it should be appreciated that it would be -
advantageous to provide a method for improving the
planarization of a non-conductive material when trench isolation
25 is employed. It would also be advantageous if the method did not
require the use of an additional photolithographic mask or
electrically short circuit conductive portions of a semiconductor
device.

30 Brief Description of the Drawings



-2 - the isolated structures to polish further than the denser

areas t hereby resulting in polishing non-uniformty (referred to as
"di shing"). One nmethod used to correct for the dishing problem
is to first 5 etch the conductive material with a reactive ion etch (RIE)
using a pattern that is the n-layer or opposite pattern used to
originally formthe trenches. Thus the bul k of the non-conductive
material is renoved with the RIEetgh prior to the polish process.
This n- | ayer techni que, however, requires and additional 10

phot ol i t hographi ¢ mask and processing step and is prone to form ng
particle defects that will reduce the yield of the sem conduct or

devi ce. . Anot her technique that attenpts to inprove the planarity
of the non- Comtlwa&ﬁéﬁlar d@réss-sedﬁmalqnewoef@porﬁoneiaﬁ

around the devi | one b ructures
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that are used B mot This 20 method can_als ffect _the

per f or mancg of t he IH&8.c37hgre endaxged plane views of photo tﬁographm
patterns at various stages of the method prov1ded by the present

invention.

Detailed Description of the Drawings
10

In general, the present invention provides a method for
determining the location of dummy mesa structures that are used -
to equilibrate the polish rate of the surface of a semiconductor
substrate. Using the process described below, dummy structures

15 . are no longer limited to the periphery of an integrated circuit. Itis
* possible to place dummy structures such that they areinand -
around the active devices of an integrated circuit. Without the
dummy mesa structures, a CMP polish would leave the |
semiconductor substrate uneven due to the varying polish rates
20 across the surface. The present invention considers the
~ photolithographic patterns used to define the well, active, and
conductive regions of a semiconductor device, and then inserts a
dummy structure pattern in the portions of an integrated circuit
where there are no active devices. This ensures that the dummy
25 = structures do not cause electrical shorting across well boundaries
or between neighboring structures.

The present invention also addresses performance issues of
the integrated circuit by taking into account the parasitic
capacitance that the dummy structures introduce into the

30 integrated circuit. The present invention is able to address these
issues without adding additional photolithographic masks because



| arge structures that change the capacitance of the device. By
now:it should be appreciated that it would be advant ageous to provide
a method for inproving the pl anari zation of a non-conductive materi al
when trench isolation 25 is enployed. It would al so be advantageous if the
met hod di d not require the use of an additional photolithographic mask
or electrically short circuit conductive portions of a sem conductor
device. 30 Bri ef Deseraption of the Draw ngs

- 3 - FIG 1 is an enlarged cross-sectional view of a portion
of an integrated circuit in accordance with the present invention;

the layout geometries used to form an integrated circuit are
manipulated prior to generating any of the photolithographic
masks.
The invention can be further understood with reference to
5 FIGs. 1-7. |
In FIG. 1, a more detailed description of the present
invention is provided. FIG. 1is an enlarged cross-sectional view
of a portion of an integrated circuit 10 that is formed on a
semiconductor substrate 11. Electrical isolation between various
10 components of integrated circuit 10 is provided using trench
isolation structures. To form the trench isolation structures a
mechanical polish or chemical and mechanical polish (CMP)
process is commonly used. As shown in FIG. 1, active areas of
integrated circuit 10 are provided by mesa structures 14, which are
15 defined by trench structures 13. To form trench structures 13, a
masking layer 12, such as silicon nitride, is formed on the surface
of semiconductor substrate 11. A photolithographic pattern is then
formed on masking layer 12, and a reactive ion etch (RIE) is used
to form trench structures 13 using the photolithographic pattern as
20 an RIE etch mask. Trench structures 13 are then filled with a non-
conductive material 15, such as silicon dioxide or
tetraethylorthosilicate (TEOS) glass, to provide the necessary
electrical isolation within the trenches 13.
A polishing process is then used to remove the excess
25 portions of non-conductive material 15 which overliea top
opening of the trenches. This polishing provides a planar surface
level with a top portion of the layer 12 in FIG. 1. In conventional
integrated circuits, the spacing between neighboring mesa
structures can vary and be quite large at times. As a result, the
30 density of the non-conductive material that must be removed will
vary across the substrate. The variation in density will result in a



FIG 2 is an enlarged plane view of a portion of the I nt egr at ed
circuit; and 5 FIGs. 3-7 are enlarged plane views of

phot ol i t hogr aphi ¢ patterns at various stages of the nethod provided by
the present i nventi on. Detai |l ed Description of the
Drawi ngs 10 In general, the present invention provides a nethod
for determ ning the [ ocation of dumry nesa structures that are used
to equilibrate the polish rate of the susface of a sem conductor

substrate. Using the process described bel ow, dumry structures 15 are no
longer limted to the periphery of an integrated circuit. It is

possible to place dumry structures such that they are in and ar ound
the active devices of an_integrated circuit. Wthout the dumy nesa
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| will fill in the large spaces, indicated by brackets 16 in FIG. 1, that
may be present between adjacent mesa structures 14. Care must
be taken in determining the proper size and location of dummy
10 structures 20. If placed indiscriminately, dummy structures 20
could short adjacent well regions (not shown) of integrated circuit
10. In addition, the substitution of dummy structures 20 for the
non-conductive material 15 that would have been formed in
conventional devices, could affect the capacitive loading of
15 integrated circuit 10. This in turn, may degrade the- performance
of integrated circuit 10.

Turning now to FIG. 2, a method for determuung the
location of dummy structures 20 is now illustrated. FIG. 2 is a top-
perspective view of a portion of integrated circuit 10, and is

20 intended to illustrate the portions of integrated circuit 10 that are
appropriate to form dummy structures 20. Integrated circuit 10
comprises a p-type device 24 and two n-type devices 25 and 26. It
should be understood that the present invention is also applicable
to other semiconductor devices such as capacitor structures,

25 resistor structures, diodes, memory cells, bipolar devices, and the
like.

- P-type device 24 is formed in a n-type well region 18 that has
a well boundary 17. Well boundary 17 separates well region 18
from a p-type well region 19 that is used for n-type devices 25 and

30 26. Inthe preferred embodiment, substrate 11 is made from p-type
material to provide at least some doping atoms for the p-type well




The present invention al so addresses performance issues of t he

I nt.egrated circuit by taking into account the parasitic capaci tance
that the dumry structures introduce into the 30 integrated circuit. The
present invention is able to address these I ssues wi t hout addi ng
addi ti onal photolithographic masks because

- 4 - the | ayout geonetries used to forman integrated circuit are
mani pul ated prior to generating any of 4h& photolithographic . masks.
The invention can be further understood with reference to 5 FIGs. 1-7.

In FIG 1, a nore detailed description of the present I nvention is
provided. FIG 1 is an enlarged cross-sectional view

region 19. P-type device 24 has an active region 21 with overlying
conductive layers that are used to form a gate structure or provide
the necessary electrical connections. The gate structure of p-type
device 24 is formed with a layer of polysilicon 22 and the electrical
5 connections to contacts or neighboring devices is provided with

interconnect structures or contacts 23. The use of interconnect
structures 23 are openings through overlying dielectric material
which are used to electrically connect source and drain electrodes.
Metal or polysilicon (either layer 22 or an additional polysilicon -

10 layer) may be used to form the conductive material that fills the
openings 23. N-type devices 25 and 26 also have an active region

- 27 and overlying conductive layers such as a layer of polysilicon 28
and interconnect structures 29.
A first dashed box is used to indicate a first region 31 of

15 integrated circuit 10 that comprises electrically active devices,
namely N-type devices 25 and 26. A second dashed box is used to
define a second region 32 of the substrate 11 that is absent of
electrically active devices. Due to the difference in pattern density
of second region 32 compared to first region 31, first region 31 will

20 have a slower polish rate than the structures in second region 32.
In previously known polishing processes, the structures in second
region 32 would have to be exposed to a longer polish in order to
remove all the excess non-conductive material that would exist in
first region 31. This would cause a 'dishing' phenomenon and

25 cause the structures in second region 32 to be over polished.

The present invention, however, forms a pattern of dummy
mesa structures in second region 32 so that the polish rate of
second region 32 can be adjusted to be approximately equal to the
polish rate of first region 31 whereby dishing is avoided. Dummy

30 mesa structures will equilibrate the polish rate across
- semiconductor substrate 11 and result in a surface that has



of a portion of an integrated circuit 10 that is fornmed on a

sem conductor substrate 11. Electrical isolation between various 10
conponents of integrated circuit 10 is provided using trench i sol ation
structures. To formthe trench isolation structures a mechani cal
polish or chem cal and nechanical polish (CWP). process is comonly
used. As shown in FIG 1, active areas of integrated circuit 10 are
provi ded by nesa structures 14, which ar@ 35 defined by trench structures
13. To formtrench structures 13, a maski ng | ayer 12, such as silicon
nitride, is formed on the surface of sem conductor substrate 11. A
photol i thographic pattern is then formed on masking layer 12, and a
reactive ion etch (RIE) Ls used to formtrench structures 13 using the
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material that etohﬁho masks Afteradetezmmmg tize properasize afict
variationin thoh W duﬁﬁﬁw $trittdres 20, this information is incorporated
10 into the already-required photolithographic masks that are used
to form integrated circuit 10, so that no additional masks or
photolithographic process steps are required to make the dummy
structures.
The method of the present invention begins by first ensuring
15 that none of the dummy structures 20 intersect or come in contact
with well boundary 17. It is important that dummy structures 20
do not intersect or cross well boundaries and cause shorting
between wells, such as between n-type well region 18 and p-type
well region 19 of FIG. 2. In order to accomplish this, a first
20 boundary or a first boundary region 33 is defined around well
boundary 17 as is shown in FIG. 3. Using the computer generated
pattern for well boundary 17, first boundary region 33 is generated
such that region 33 has a first distance 35 which is greater than
well boundary 17 and a second distance 34 less than well boundary
25 17 to provide first boundary region 33 with a total distance 36.
Therefore, region 33 is a "hollow" rectangle having a width of
dimension 36. |
First distance 35 and second distance 34 are generally
determined by the latch-up guidelines of the technology used to
30 manufacture integrated circuit 10. For example, first distance 35
and second distance 34 are each at least about 0.75 microns and is




- 5-" variation is polish rates at different points on the

sem conduct or wafer, which will cause the substrate to have an uneven
surface after the polishing process is conplete. The present
i nvention addresses this uniformty problemby 5 formng a pattern of
dummy structures in the portion of integrated circuit 10 where there
are no active devices. Dummy structures 20 - will fill in the large
spaces, indicated by brackets 16 in FIG gl,-that may be present

bet ween adj acent nesa structures 14. Care nust be taken in determning
t he proper size and | ocation of dummy 10 structures 20. |If placed

I ndi scrimnately, dummy structures 20 coul d short adjacent well
regions (not shown) of integrated circuit 10. In addition, the .

substitution opreferablytaboutlaniéor to tidcrons for most doping
concentrations for modern integrated circuits. First distance 35
corresponds to the distance that first boundary region 33 extends
toward p-type well region 19, and second distance 34 corresponds
5 to the distance that first boundary region 33 extends into n-type

well region 18. Note, the formation of first boundary region 33
may result in some of the small patterns of well boundary 17 from
being removed altogether. This is not a problem since it only
insures that dummy structures 20 do not intersect even the

10 smallest of well regions. First boundary region 33 defines the area
within integrated circuit 10 where dummy structures 20 are not to
be located.

Referring now to FIG. 4, the capacitive loading of mtegrated '

circuit 10 could be increased if dummy structures 20 were formed

15 under conductive layers, such as polysilicon or aluminum, used to
form integrated circuit 10. To prevent increased capacitive
coupling, a merged region 37 is defined by merging the layout
patterns that define the active regions and the conductive regions
of integrated circuit 10. This region can then be optionally

20 oversized to account for any processing limitations or
photolithographic capabilities to form a second boundary region
where dummy structures 20 will not be formed.

Merged regions 37, as shown in FIG. 4, are created by

combining the patterns shown in FIG. 1 that provide active area

25 21, active areas 27, polysilicon layers 22 and 28, and interconnect
structures 23 and 29. Merged regions 37, are then oversized by. -
about 0.5 microns to 5 microns (as capacitive reduction warrants)
to provide the pattern shown in FIG. 4. This will prevent dummy
structures 20 from intersecting any conductive structures in

30 integrated circuit 10. The present invention will also prevent
dummy structures 20 from being under or overlapped by any



non- conductive material 15 that would have been forned in conventi onal
deyi ces, could affect the capacitive | oading of 15 integrated circuit 10.

This in turn, may degrade the performance of integrated circuit 10.
Turning nowto FIG 2, a nmethod for determ ning the | ocation of dummy
structures 20 is nowillustrated. FIG 2 is a top- - perspective view of
a portion of integrated circuit 10, and is 20 intended to illustrate the
portions of integrated circuit 10 that_age_ appropriate to form dumy
structures 20. Integrated circuit 10 conprises a p-type device 24 and
two n-type devices 25 and 26. It shoul d be understood that the present .
I nvention is also applicable to ot her sem conductor devices such as
capacitor structures, 25_resistor structures, dlodes menory cells, bipolar
devi ces, and t@gnductive h?atenal thatnu Htt rédriaricerafd in a

Ceparat oo vel | Magrafed SEcuif 10, Jtshdy o&@é‘daf sfnodghat P Wedld b’ o
n-type devi Cese@mwaién%(to%rm ronélbqomd adoandoactivetareastk andeZZ,l i's
ade from p- {¥fm a ST U8 SR Pty Giir? Herdos) BHCESS T °
5 interconnect structures 23 and 29, and then merge those two
patterns together to form merged regions 37. During the process
used to define merged regions 37, it is possible that two or more
boundary regions overlap each other. In this case, the entire
overlapped regionis considered inappropriate for the formation
10 of dummy structures 20.
Turning now to FIG. 5, the method of the present invention
continues by defining or creating restricted regions 38. Restricted
. regions 38 are defined as the areas of integrated circuit 10 where
dummy structures 20 are not to be formed. Restricted regions 38
15 are formed by overlapping the merged regions 37 of FIG. 4 with
- the first boundary region 33 of FIG. 3. Any overlap of a merged
region 37 with a first boundary region 33 is included as part of
restricted regions 38. Any portion of integrated circuit 10 that is
not included in restricted regions 38 is an area 39 where the
20 dummy structure pattern may be formed. _
A pattern of dummy structures 20 is laid over the restricted
regions 38 of FIG. 5 to prov1de the pattern shown in FIG. 6. The
pattern comprises a repeating pattern of dummy structures 20 and
dummy structures 50. Dummy structures 50 are dummy structures
25 that have dimensions that are too small to be formed by the
technology used to form integrated circuit 10 and will be removed
from the pattern of dummy structures 20 as will be described
shortly.
' The repeating pattern of dummy structures 20 has a fill
30 density that is defined as the ratio of area 39 that is covered with
dummy structures 20 compared to the total surface area of area



- 6 - - region 19. P-type device 24 has an active region 21 with

averlying conductive layers that are used to forma gate structure or
provi de t he necessary el ectrical connections. The gate structure of
p-type device 24 is formed with a layer of polysilicon 22 and the
electrical 5 connections to contacts or nei ghboring devices is provided

W th I nt erconnect structures or contacts 23. The use of interconnect
structures 23 are openi ngs through overd vighg- di el ectric nmateri al whi ch
are used to electrically connect source and drain el ectrodes. Met al or
polysilicon (either |ayer 22 or an additional polysilicon 10 |ayer) may be
used to formthe conductive material that fills the openi ngs 23.
N-type devices 25 and 26 al so have an active region 27 and overlying
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5 pattern is about 5 percent to 40 percent and each dummy structure
20 is evenly spaced from each other. Itis also possible that dummy
structures 20 are randomly distributed throughout area 39 to
adjust the density of dummy structures 20 across semiconductor
substrate 11. As shown, dummy structures 20 are rectangular in
. 10 shape. It should also be understood, however, that the shape of
each dummy structure 20 can vary and can even have the shape of
a structure used to form integrated circuit 10.
Once the location of dummy structures 20 has been
determined, their use is incorporated into the manufacturing
15 process of integrated circuit 10 by adding the pattern of dummy
structures 20 to the photolithographic mask that is used to define
the active areas 21 and 27 of integrated circuit 10. Such a pattern
is shown in FIG. 7. FIG. 7 shows the pattern that would be used to
form a portion of integrated circuit 10 shown in FIG. 2. The
20 pattern of FIG. 7 would be transferred to a photolithographic
mask and used to define the active areas of integrated circuit 10
such as the mesa structures 14 shown in FIG. 1. In addition, this
pattern includes the structures to form dummy structures 20 as
shown in FIG. 1. Therefore, the pattern of dummy structures 20
25 can be incorporated into a manufacturing flow by modifying a
photolithographic mask rather than having to add an addition
photolithographic mask. It is also possible to integrate the pattern
of dummy structures 20 such that instead of being formed in
semiconductor substrate 11, they are formed on substrate 11 such
30 as a pattern of field oxide structures.



electrically active devices. Due to the difference in pattern density

of second region 32 conpared to first region 31, first region 31 wll 20
have a slower polish rate than the structures in second region 32. In
previ ously known polishing processes, the structures in second regi on
32 woul d have to be exposed to a longer polish in order to renmove al
the excess non-conductive material that would exist in first region
31. This mpuld cause a 'dishing' phenoneppn-and 25 cause the structures in
second region 32 to be over polished. The present invention
however, forns a pattern of dummy mesa structures in second region 32
so that the polish rate of second region 32 can be adjusted to be
approxi mately equal to the polish rate of first region 31 whereby
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portions of the photohthograph1c pattern used to define the
location of active areas (i.e. active areas 21 and 27) to also be used

5 to provide a pattern for implanting the semiconductor substrate

with dopants. For example, the pattern that defines active region
21 would be copied to create an additional photolithographic mask
that could be used so that only the portions of p-type device 24 that
are in well region 18 would be doped with a particular species. On

10 this photolithographic mask, the portions of the pattern that
define active areas 27 would be omitted so that these areas would
not be doped when active area 21 is implanted.

The present invention would mimic this technique except
dummy structures 20 that are in each well region would not be

15 included in the photolithographic pattern used to implant the

 active regions. Instead, the pattern of the dummy structures 20
that are in well region 19 would be included in the pattern of the
photolithographic mask that is used to implant active region 21. In
similar fashion, the dummy structures 20 that are in well region 18

20 would be included in the photolithographic pattern that would be
used to implant active regions 27. As a result, each dummy
structure 20 would be doped with a species of the opposite
conductivity than the conductivity of the well region that it resides
in.

25 This will form each dummy structure into an isolated diode
and further reduce the capacitive loading effects each dummy
structure 20 will have on integrated circuit 10. For example,
dummy structure 60 in FIG. 7, which is in n-type well region 18,
would be included in the photolithographic pattern used to dope

30 active regions 27, and thus would be implanted with a p-type
dopant when active regions 27 are formed. In addition, dummy



| nproved planarity when conpared to the above nentioned, previ ously
known polish processes. The nmethod for determ ning the
appropriate | ocations of dumy structures 20 requires nani pul ati on of
the | ayout patterns 5 that are used to define the various structures of
Integrated circuit . 10 These patterns are generally conputer generated
wi th | ayout prograns and are transferred to sem conductor substrate 11
usi ng phot ol i t hographi ¢ masks. Afiqp determ ning the proper size and
| ocation of dummy structures 20, this information is incorporated 10 into
t he al ready-required photolithographic masks that are used to form
integrated circuit 10, so that no additional nasks or

phot ol i t hographi ¢ process, steps are required to nmake the dummy

structures. structure BleinFlGo 7, evhidieisoire ¢ well regi md@i, msou!dfber st
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st boundary 22 pro ides 3 strackirs and a methodology for forming the structure
| that will improve the planarization of a polish process. The
method considers the photolithographic patterns to be used to
10 form an integrated circuit to determine the locations of dummy
mesa structures. The pattern to form the dummy mesa is included
within the photolithographic masks that are used to form the
integrated circuit. Therefore, the present invention can improve
the planarization of a pohshmg process without any additional

15 manufacturing cost.




such that region 33 has a first distance 35 which i s greater timan
baundar di stance 34 less than well TARSALALY B Re
provi demlm!sﬂmmnumﬂ egion 33 with a total distanc Zce ore
region 33 is & "Mol Fow rectangle having a width of mﬂﬂﬂl

ed by

First distance 35 and second di stance 34 are generall
the latch-up guidelines of the technol ogy used to 30 nmanufacture integrated

circuit 10. For exanple, first distance 3H- and second di stance 34 are
each at |east about 0.75 mcrons and is
- 8 - preferably about 1 mcron to 3 mcrons for nost doping

concentrations for nodern integrated circuits. First distance 35
corresponds to the distance that first boundary regi on 33 extends

CLAIMS

1. An integrated circuit formed on a semiconductor substrate,

wherein the semiconductor substrate has a first region comprising
5 an electrically active device and a second region that is absent of

an electrically active device, the integrated circuit comprising:

a well boundary on the semiconductor substrate that defines
a well region; and

a dummy structure in the second region that is spaced apart

10 from the well boundary by a first distance.

2. The integrated circuit of claim 1 wherein the dummy
structure is a mesa structure formed in the semiconductor
substrate.

15 - - _
3. The integrated circuit of claim 2 wherein the first distance
is at least about 0.75 microns from the well boundary.

4. The integrated c1rcu1t of claim 2 wherein the electrically
20 active device in the first region is formed in an active region and
the dummy structure is a second distance from the active region.

5. The integrated circuit of claim 4 wherein the first distance
and the second distance are different.

25
6. The mtegrated circuit of claim 4 wherein the electrically
active device of the first region comprises a conductive layer and
the dummy structure is a third distance from the conductive layer.
30 7. The integrated circuit of claim 6 wherein the conductive

layer is used to form a gate structure of the electrically active



mell re lon 19, and second di stance 34 corresponds b5 to the
d| stance ﬂﬁ!” "’ m;ary regi on 33 extends ‘int OTHkShy@HasBeenR%lcéd regi on

18. Not e, first boundary regi on 33 in some
of the small patter ns’ of" wel | boundary 17 from
altogether. This is not a problemsince it only

structures 20 do not intersect even the 10 snall est of vveII regi ons F| rst

boundary region 33 defines the area - 1athin integrated circuit 10 where
dunmy structures 20 are not to be | ocat ed. Referring now to
FIG 4, the capacitive |oading of integrated circuit 10 could be

I ncreased i f dunmy structures 20 were formed 15 under conducti've | ayers,
such as polysilicon or alum num used to forntlntegrated circuit 10.

To prevent incdeaded asabthe coneluctive layert isformedewithougverlyingithe
defi ned by rrer?#' gg ig&tﬁgﬂ% patterns that define the active regions

and t he conduc of integrated circuit 10. This region can
then be optionally 20 oversized to account for any processing linmtations

or - hot ol i t ho I ghﬁgg; HURHIP
wher e dulromy stlructglrsﬁelem,g P”rflc()‘%ét ?IB@MQM%a £ |on5637
as shown i rd FI patkermwathin or an ted g#%ﬁt‘t’b%ﬁ%“k @n in

g'zGan é tzgat aﬁ&@titté%ai&téd' éi?c@ftﬁlﬂa§5 é’tlem@htateieﬂﬂee a¥rellbbousidaryya | a¥er s
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reduction warr eomiucttve layer, the method comprising the steps of:

defining a first border region around the pattern that defines

10 the well boundary;
merging the pattern that defines the active region with the
pattern that defines the conductive layer to provide a merged
~ pattern;

defining a second border region around the merged pattern;

15 and . |
- forming the dummy structure pattern within the integrated
circuit such that the dummy structure pattern does not intersect
the first border region and the second border region.

20" 9. The method of claim 8 wherein the well boundary
separates a p-type region from a n-type region and the step of
defining the first border region includes defining the first border
region such that the first border region extends a first distance into
the p-type region and a second distance into the n-type region.

25

10. The method of claim 9 wherein the first distance and the
second distance are about 1 micron to 3 microns.

11. The method of claim 8 wherein the pattern that defines
30 the conductive layer defines a layer of polysilicon that provides a
gate structure in the integrated circuit.



to prOV|de thi&fattern shown in FIG 4. This will prevent dummy

structut ﬂlmu nmmumnsecti ng any conductive structures in 30 1ntegrated
circuit

i nvention will also prevent Thls ShdtlﬂﬁﬂBe&lt}{e ldelr €S
20 fron1be|ng under ®or *overl apped by any

- 9 - conductive material that m ght affect t »H'HE ,rH :

Integrated circuit 10. It should al so be understood tha
equi valent to form one boundary around-apgiwe areas 21 and 27, forma
second boundary around polysilicon layers 22 and 28 and 5 interconnect
structures 23 and 29, and then nerge those two patterns together to
formnerged regions 37. During the process used to define nerged
regions 37, it is possible that two or nore boundary regi ons overl ap
each other. In this case, the entire

12. The method of claim 11 wherein the integrated circuit
comprises a pattern that defines an interconnect structure and the
step of merging the pattern of the active region with the pattern of

5 the conductive layer includes the step of merging the pattern of the
interconnect structure to provide the merged pattern.

13. The method of claim 8 wherein the dummy structure
pattern comprises a repeating pattern of structures that are
10 equally spaced from each other. '

14. The method of claim 13 wherein each structure of the
repeating pattern of structures is a portion of the integrated
circuit.

15 ‘ ' _

15. The method of claim 13 wherein the repeating pattern of
structures provides a fill density that is about 5 percent to 40
percent.

20 16. A method of forming an integrated circuit on a
semiconductor substrate, wherein the integrated circuit comprises
a well boundary, an active region, and a conductive layer, and the
method comprises the step of forming trench structures in the
semiconductor substrate to provide dummy mesa structures that

25  are a first distance from the well boundary, a second distance from
the active region, and a third distance from the conductive layer so
that the dummy mesa structures do not intersect the well boundary
and are spaced apart from the conductive layer.



over | apped Tegron—t+s—const dered i nappropriate for the Tormation 10 of

dumy s Turning now to FIG "ﬁusSth@HﬁEFﬁeQﬂ@e foqt heE
present ﬂmmgﬂlﬁwmjm‘contr nues by defining or crea Hlﬂﬂ
regi ons regions 38 are defined a g’

f or med.

integrated circuit 10 where dummy structures 20

Restricted regions 38 15 are forned by overl appi ng the nerged regi ons 37
of FIG 4 with the first boundary regi en183 of FIG 3. Any overlap of a

mer ged region 37 with a first boundary region 33 is included as part
of restricted regions 38. Any portion of integrated circuit 10 that is
not included in restricted regions 38 is an area 39 where the 20 dunmmy
structure pattern nmay be forned. A pattern of dumry structures

20 is laid over the 1ZsTheahethod of ¢latiro1é Wwhepéirttlke fixst distadicedis t he

Gurmy ot uct ur dieEsmirted BY forming 3 AEkbpatbasy SRglah MRtAdIpBIVEE 0, ¢
dumy structurdxnmmdaryat have di nensions that are too small to be forned

by the technol ogy used to formintegrated circuit 10 and will be
renoved fromthe pattern of dunny structures 20 as w |l be described

shortly. 5 18 eThe method ofclaimnlZwherein the second distamegiss il |
30 density thatg t th
durmy st ot r S ETHIIE a?ﬁ" ?f"éé ofid BoPdithy! Refigreafoufithe
active region an 1stance is (fetemuned ﬁyef%mung a
third boundary reglon around the conductive layer.

10 19. The method of claim 18 wherein the dummy mesa
structures are located on the semiconductor substrate by merging
the first boundary region, the second boundary region, and the
third boundary region to provide a restricted region and placing
the dummy mesa structures such that they are isolated from the

15 restricted region.

20. The method of claim 19 wherein the integrated circuit
comprises an n-type well region and a portion of the dummy mesa
structures are formed in the n-type well region, and the method

20 further comprises the step of doping the portion of the dummy
mesa structures with a p-type dopant to form diodes.



- 10 - 39. This density can be adjusted to closely match the

density of the structures that are in restricted region 38 of FIG 5
so that the entire surface of sem conductor substrate 11 can have as
even of a polish rate as possible. Preferably, the density of the
repeating 5 pattern is about 5 percent to 40 percent and each dummy
structure 20 is evenly spaced fromidach other. It is also possi bl e

t hat dumy structures 20 are randonmly distributed throughout area 39

substrate 11 ATNEERARATER QTG HANING A dOMMNSTROU ik,

It should al so be under sSAND MEFHOD OBRMAKING IJHE SAME each deTTTV

structure 20 can vary and can even have the shape of a structure used
to formintegrated circuit 10. Once the | ocation of dummy
structures 20 has been Abstract of the Disclosure

5

A pattern of dummy structures (20) is added to the layout
pattern of an integrated circuit (10) to equilibrate the polishing
rate across the surface of a semiconductor substrate (11). The
location of each dummy structure (20) is predetermined so that it

10 does not intersect a well boundary (17) or an active region (21,27),
and does not fall under a conductive material such as a layer of
polysilicon (22,28) or an interconnect structure (23,29).

Figure 1 accompanies this abstract.
15 :



determ ned, their use is incorporated into the manufacturing 15 process of
integrated circuit 10 by adding the pattern of dunmy structures 20 to
t he photolithographic mask that is used to define the active areas 21
and 27 of integrated circuit 10. Such a pattern is showmn in FIG 7.
FIG 7 shows the pattern that would be used to forma portion of
integrated circuit 10 shown in FIG 2. T2§720 pattern of FIG 7 would be
transferred to a photolithographic sk and used to define the active
areas of integrated circuit 10 such as the nesa structures 14 shown in
FIG 1. In addition, this pattern includes the structures to form
dummy structures 20 as shown in FIG 1. Therefore, the pattern of
dumy structures 20 25 can be incorporated into a nanufacturing flow by
nodi fying a phot ol i t hographi ¢ mask rather than having to add an

addi tion phot ol i t hogr aphi y =Dl e to integrate the
pattern of dummy structur h that instead §f being forned in
sem conductor substrate 11, they ar rmed on substratfe 11 such 30 as a
pattern of field oxidf structures.

FIG.1

14

13




The rest of integrated circuit 10 can be formed using conventi onal

techni ques. In such techniques, it is comon for . portions of the

phot ol i t hographi ¢ pattern used to define the | ocation of active areas
(i.e. active areas 21 and 27) to also be used 5 to provide a pattern for

I mpl anting the sem conductor substrate wi th dopants. For exanple, the
pattern that defines active region woul d be copied to create an
addi ti onal photolithographic mask t coul d be used so that only
portions of p-type device 24 that are in well region 18 woul d be do ed
with a particular species. On 10 this photolithographi c nmask, the por ns
of the pattern that define active areas 27 woul d be onitted Ezs

t hese areas woul d not be doped when active area 21 is |nplanted

The present invention would mimc this techni que except dunmmy
structures 20 that are in each well region would not be 15 i ncl uded i he

phot ol i t hogr aphi c

.attern used to i npl ant the i | nst edd,

woul d be ifncl lIaeg T THe pattern or Tne | photollthographlc mask that \s
used to i it active gegion 21. In silm |l ar fashion, the dummy

structure that are s\ well region 18 ~
{ ~

\

I \




20 woul d be included in the photolithographic pattern that woul d be’

used to inplant active regions-27. As a result, each dummy structure
20 woul d be doped with a species of the opposite conductivity than the
conductivity of the well region that it resides in. 25 This w il
formeach dummy structure into an isol ated di ode ~and further reduce
the capacitive |oading effects each dunng structure 20 wll have on
integrated circuit 10. For exanpl e, Gﬁnny structure 60 in FIG 7,
which is in n-type well region 18, woul d be included in the '
photol i t hographi c pattern used to dope 30 active regions 27, and thus
woul d be inplanted with a p-type dopant when active regions 27 are
formed. In addition, dummy - 12 -
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structure 61 in FIG 7, which is in p-type well region 19, would be

i ncluded in the photolithographic pattern used to dope active regi ons
27 and thus would be inplanted with a n-type dopant when active region
27 is forned. Thus, dummy structures 60 and 5 61 will formfloating

di odes. By now it should be appreciated that the present

i nvention provi des a structure and %g7ethodology for formng the
structure that will inprove the pla i zation of a polish process. The
met hod consi ders the photolithographic patterns to be used to 10 form an
integrated circuit to determne the |ocations of dummy mesa
structures. The pattern to formthe dummy nesa is included within the
phot ol i t hographi ¢ nasks that are used to formthe integrated circuit.
Therefore, the present invention can inprove the planarization of a
pol i shing process w thout any additional 15 manufacturing cost.
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- 13 - Claims 1. An integrated circuit

formed on a sem conductor substrate, wherein the sem conduct or
substrate has a first region conprising an electrically active device
and a second region that is absent of an electrically active device,
the integrated circuit conpri sing: a well boundary on the

sem conduct or substrate that defines a 1 wel | region; and a
dumy structure in the second region thaﬁ?s spaced apart from

the well boundary by a first distance, wherein: t he dunmmy
structure is a nesa structure in the sem conduct or
substrat e; the electrically active device in the first region
isin an active region and the dumy structure is a second
di stance fromthe active region: the electrically active device
of the first fregion conprises a conductive |layer and the
dummy structure S a TNT0g ' di stance fromthe conductive
| ayer; and thé”ionductive | ajer| i ncl udes a gate structure of
t he -

3

FI1G.5




electrically active device and the conduct i ve | ayer does
not overlying the dummy structure. 2. The integrated circuit of claim1l

wherein the first distance is at | east about 0.75 mcrons fromthe well
boundary. 3. The integrated circuit of claiml wherein the first distance
and the second di stance are different.

- 14 - 4. A nmethod of determning a Iocgﬁ?on of a dummy structure pattern
within a layout for an integrated circuit;® wherein the integrated
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circuit has a pattern that defines a well boundary, a pattern that
defines an active region, and a pattern that defines a conductive

| ayer, the nethod conprising the steps of: defining a first border
region around the pattern that defines the wel | boundary;
merging the pattern that defines the active region with the pattern

that defines the conductive layer to prom}?e a nerged pattern;

defining a second border region around t 4 merged pattern; and

form ng the dummy structure pattern within the integrated

circuit such that the dummy structure pattern does not lie

within the first border region or the second border region,

wherein: the dummy structure is a nmesa structure forned in the

sem condu - substrate; the el getri cglly—act ine—devi ge—in t he
first reg1on s formed in hn Jact ijlve rlegi dn arld t e dymmy

structurelis | second di st pnge frlom tlhe 4cti e rdaqi or,

the electrically active device of the first region conprises a
conductive layer and the dunmmy structure is a third

di stance f t he nd TNe c tiv er is
used to fgrmp gatg structure of the el eqtridally actfive
devi ce an condquctive layer is £dr e —=Hhout

overlying the du structure.

] | S|
S| < Rl
] —
I RERIRE

B
FIG.7

S S 3|
S S|




g The nethgd

a conputer

the step off

bor der regi
lies within
-15-
wel |

rein: circuit

e MR 5 0
orne using a cenputer;

utS|de a concentric inner

and inside a

peri phery that

i,ned in

gf‘;’ and

|rs
peri phery that

n(‘@n'rrlr‘ oLt | i es around an outsi de of the

pattern

aoundary defilning a second border region around the nerged
—pettretes—defTT Nng a second border regi on around an outer
-13 -
Claims

1. An integrated circuit formed on a semiconductor substrate,

wherein the semiconductor substrate has a first region comprising
an electrically active device and a second region that is absent of
an electrically active device, the integrated circuit comprising:
a well boundary on the semiconductor substrate that defines a
well region; and
a dummy structure in the second region that is spaced apart from
the well boundary by a first distance, wherein:
the dummy structure is a mesa structure in the
semiconductor substrate;
the electrically active device in the first region is in an
active region and the dummy structure is a second
distance from the active region;
the electrically active device of the first region comprises a
conductive layer and the dummy structure is a third
distance from the conductive layer; and
the conductive layer includes a gate structure of the
electrically active device and the conductive layer does
not overlying the dummy structure.

2. The integrated circuit of claim 1 wherein the first distance is at

least about 0.75 microns from the well boundary.

3. The integrated circuit of claim 1 wherein the first distance and the

second distance are different.
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p_griphe}y of the mer : e tee=fgnnmed a | arqger area mer ged

pattern; and form £ f{? ucturevw ﬂIH jm ﬂi , via the

conput er, the [dymmy structure|pattern viErRnte e ted circuit
[

such that the jdymygsigeiedeer e ppttern.does not' [ie within the first
border region or theg ltarger area nmejged pattern, the dummy structure
pattern defining treénches—amt=mes sp that capacitive coupling

bet ween the conductilve | ayer and the gumy structure pattern is
reduced. 6. The nethod of claimb5 Wherein the well boundary separates a
p- type region froma n-type regionand the step of defining the first
border region includes defining the first- bbrder regi on such that the

first border region extends a first distance into the p-type region and

a second distance, intqg,the n:type.region. 7. The pethod of claim6 wherein
the first distancé H‘r?ghf’aé)fg%ec%?’dmm ﬂirig‘f%tﬁ% ograegelm s%rlﬁ?%.}rgnp.ﬁ;ega
m crons. 8. The wdthindadbychition anihtegrated bircpit, whereihdhednatégrased he
conductive | ayer ' f |y | .C ' t
structure in the ?ﬁ{‘%ﬁf g‘f’l gc# @lx%ﬁfiztth% d)é?ildes a?'&;etuhﬁéuﬂ&%,d&ia@t&ﬁ that
defines an active region, and a pattern that defines a conductive
layer, the method comprising the steps of:

defining a first border region around the pattern that defines the

well boundary;
merging the pattern that defines the active region with the pattern
that defines the conductive layer to provide a merged pattern;

. defining a second border region around the merged pattern; and

forming the dummy structure pattern within the integrated
circuit such that the dummy structure pattern does not lie
within the first border region or the second border region,
wherein:
the dummy structure is a mesa structure formed in the
semiconductor substrate;
the electrically active device in the first region is formed in
an active region and the dummy structure is a second
distance from the active region;

N\ the electrically active device of the first region comprises a
conductive layer and the dummy structure is a third
distance from the conductive layer; and

the conductive layer is used to form a gate structure of the
electrically active device and the conductive layer is
formed without overlying the dummy structure.

5. The method of claim 4, wherein:
the integrated circuit is defined in a computer file;
the both steps of defining, the step of merging, and the step of
forming are performed using a computer;
the first border region being an area outside a concentric inner
periphery that lies within the well boundary and inside a



9. The rret hod of c ein the |ntegrated circuit corrprlses a

i g A ], RN ...

the pattern of the

| ayer includes the eﬁ&of nergi nd tjhe pattefn bf théd *° {nterconnect
structure to proviid pat gern.

-16- 10. The netHo feclaimb efein the dummy structure pattern
conprises a repeaffing pattern of stfuctures that are equally spaced

from each ot her.

-15-—

concentric outer periphery that lies around an outside of the well
boundary; _
defining a second border region around the merged pattern

includes defining a second border region around an outer
periphery of the merged pattern to formed a larger area
merged pattern; and

W forming the dummy structure includes defining, via the computer,
the dummy structure pattern within the integrated circuit such
that the dummy structure pattern does not lie within the first
border region or the larger area merged pattern, the dummy
structure pattern defining trenches and mesas so that capacitive
coupling between the conductive layer and the dummy structure
pattern is reduced.

6. The method of claim 5 wherein the well boundary separates a p-
type region from a n-type region and the step of defining the first
border region includes defining the first border region such that the
first border region extends a first distance into the p-type region
and a second distance into the n-type region.

7. 'The method of claim 6 wherein the ﬁr_st distance and the second
distance are about 1 micron to 3 microns.

8. The method of claim 5 wherein the pattern that defines the
conductive layer defines a layer of polysilicon that prov1des a gate
structure in the integrated circuit.

9. The method of claim 8 wherein the integrated circuit comprises a
pattern that defines an interconnect structure and the step of
merging the pattern of the active region with the pattern of the
conductive layer includes the step of merging the pattern of the
interconnect structure to provide the merged pattern.
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10. The method of claim 5 wherein the dummy structure pattern
comprises a repeating pattern of structures that are equally spaced
from each other.

11. The method of claim 10 wherein each structure of the repeating
W pattern of structures is a portion of the integrated circuit.

12. The method of claim 10 wherein the repeating pattern of
structures provides a fill density that is about 5 percent to 40
percent.



