INTEGRATED CIRCUIT SYSTEM WITH DUMMY REGION
CROSS-REFERENCE TO RELATED APPLICATION(S) [0001] This
application is a Divisional of U.S. Non Provisional Patent Application serial
number 11/307,142 filed January 25, 2006, now U.S. Patent 7,446,039,
which is hereby incorporated by reference thereto. TECHNICAL FIELD
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technology, and more particularly to a system for reducing chemical
mechanical polishing (CMP) overetch. BACKGROUND ART [0003]
Integrated circuits (ICs) are what power today's electronic devices, such
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pathways between metal layers. The most commonly used metal for
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surfacig This advanced level of IC fabrication involves many process steps that deposit or

incorp%rltr
in

grow films, followed by repeated patterning to form device and interconnect structures.
[0004] Multiple level metallization is the enabling technology that permits interconnecting
the millions of transistors and supporting components on individual ICs. Multiple level
metallization promotes higher device density because of its efficient use of vertical space. Of
course, interlayer dielectric layers (ILDs) are needed to electrically isolate these multiple
metal layers. The ILDs are commonly photolithographically patterned and dry-etched to
open vias for metal interconnection.

[0005] Multiple level metallization creates the need for billions of these vias. The vias are
filled with metal to form electrical pathways between metal layers. The most commonly used
metal for filling the vias is tungsten. Tungsten is a good plug material because of its
resistance to electromigration. Tungsten is also a good plug material because of its ability to
uniformly fill high-aspect ratio vias when deposited by chemical vapor deposition (CVD).
[0006] Tungsten CVD is typically deposited in blanket films. Blanket deposition deposits

tungsten non-selectively on the entire wafer surface, including the via pathways. It is



1 necessary to remove the excess blanket deposited tungsten because

such excess will lead to a non-planar topography, which will adversely

affect later processing steps. [0007] Previous methods have employed a

tungsten etchback process to remove the excess tungsten and leave a
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DISCLOSURE OF THE INVENTION

[0010] The present invention provides an integrated circuit system by forming a first,
second and third region within a dielectric over a substrate. The first region includes tungsten
plugs. The second region is formed adjacent at least a portion of the perimeter of the first
region and the third region is formed between the first region and the second region. An
opening is formed in the third region and a material is deposited within the opening for
preventing erosion of the first region.

[0011] Certain embodiments of the invention have other advantages in addition to or in
place of those mentioned above. The advantages will become apparent to those skilled in the
art from a reading of the following detailed description when taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] FIG. 1 (PRIOR ART) is a cross sectional view of a portion of a via sea exhibiting

fang-shaped erosion;



BRIEF DESCRIPTION OF THE DRAWINGS [0012] FIG. 1 (PRIOR ART)
is a cross sectional view of a portion of a via sea exhibiting fang-shaped
erosion; 2 [0013] FIG. 2 is an illustration of a proposed mechanism for
tungsten chemical mechanical polishing in accordance with an
embodiment of the present invention; [0014] FIG. 3 is a top plan view of
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in the art to make and use the invention, and it is to be understood that other embodiments

would be evident based on the present disclosure and that process or mechanical changes may
be made without departing from the scope of the present invention.

[0021] In the following description, numerous specific details are given to provide a
thorough understanding of the invention. However, it will be apparent that the invention may
be practiced without these specific details. In order to avoid obscuring the present invention,
some well-known system configurations, and process steps are not disclosed in detail.
Likewise, the drawings showing embodiments of the invention are semi-diagrammatic and
not to scale and, particularly, some of the dimensions are for the clarity of presentation and
are shown exaggerated in the drawing FIGs. In addition, where multiple embodiments are
disclosed and described having some features in common, for clarity and ease of illustration,
description, and comprehension thereof, similar and like features one to another will
ordinarily be described with like reference numerals.

[0022] The term ‘“horizontal” as used herein is defined as a plane parallel to the plane or
surface of the first region, regardless of its orientation. The term “vertical” refers to a
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direction perpendicular to the horizontal as just defined. Terms, such as “on”, “above”,
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“below”, “bottom”, “top”,
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side” (as in “sidewall”), “higher”, “lower”, “upper”, “over”, and
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are shown exaggerated in the drawing FIGs. In addition, where multiple

embodiments are disclosed and described having some features in

common, for clarity and ease of illustration, description, and

comprehension thereof, similar and like features one to another will

ordinarily be described with like reference numerals. [0022] The term
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[0023he efieimoip sesvdegdsitio KR IOR ART or thbeiorassibtypatienoisgeerposuvesw of a
. development hing., ¢cJeaning, and/or, removal e rial pr .
portio e, 0 A R St BRI o s «
dense norytd GACort (RRIOR WRF)etheHeih vsas HdWnaaregass wabtionalasidooha erosion

ortign.o ia sea 100 exhibiting fang:sh rosion. FIG. 1 {PRIOR .. :
cepre R TR 1R B e I S, 1 e R i
116. tdgickensithoay\Vif2 dQ6 amlerosibrles dipression meighuif8cadibednatshl 04. The
one SIRESSORNEIONEAP- 5 UBB IR bR SNdACieIeIE IO TNEAE S i tevel

array 102 commonly includes the one or more tungsten filled vias 104
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complete fill.

[0025] CVD blanket deposition of tungsten forms tungsten over the entire exposed wafer
surface. Consequently, excess tungsten deposited outside of the vias must be removed.
Excess tungsten is commonly removed by CMP methods.

[0026] As FIG. 1 (PRIOR ART) depicts, despite careful slurry composition and pad
stiffness selectivity, overetch occurs at the boundary between the dense array 102 and the
region without vias 106. If the overetch at the boundary of dense array 102 and the region
without vias 106 is severe enough, subsequently deposited metal layers can cause an
electrical short.

[0027] Most notably, FIG. 1 (PRIOR ART) shows fang-shaped erosion/overetch at the
boundary between the dense array 102 and the region without vias 106. The severity of the
fang-shaped erosion is witnessed by the overetch depression height 110. The overetch
depression height 110 is a measure of the difference between the dense array 102 height at
the boundary with the region without vias 106 and the height of the region without vias 106.

As the overetch depression height 110 gets larger, the more pronounced the fang-shaped
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[0025] CVD blanket deposition of tungsten forms tungsten over the entire

exposed wafer surface. Consequently, excess tungsten deposited outside

of the vias must be removed. Excess tungsten is commonly removed by

CMP methods. [0026] As FIG. 1 (PRIOR ART) depicts, despite careful

slurry composition and pad stiffness selectivity, overetch occurs at the
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and silica. The H,O, decomposes into H,O and dissolved O, during polishing. The O, reacts
with the tungsten and converts the tungsten into tungsten oxide (WOy). The tungsten oxide is
softer than tungsten, and is therefore more easily removed during the mechanical removal
step 204.

[0031] After the chemical reaction step 202, the tungsten oxide is removed by the
mechanical removal step 204, which is dependent upon f(O,C), f(A), and f(E). The
mechanical abrasion from the polishing pad and the particles within the slurry act together to
remove the oxide layer. Once the tungsten oxide layer is removed, the chemicals in the slurry
oxidize the newly exposed metal surface and the process repeats itself. The symbols WOy,
represent the additional tungsten oxidation of the newly exposed metal surface as the process
repeats itself. After this primary removal step is completed, a secondary polish or buff step is
employed using deionized water to remove microscratches and particles that remain on the
wafer surface.

[0032] Referring now to FIG. 3, therein is shown a top plan view of an integrated circuit

system (300) in accordance with an embodiment of the present invention. The integrated
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mechanical removal function f(A) is a function of the abrasive used and

the down-force applied. The dissolution function f(E) is a function of the

etchant employed. [0030] The chemical reaction step 202, dependent

upon f(O,C) and f(A), introduces a tungsten metal slurry that oxidizes the

tungsten upon contact. By way of example, and not by way of limitation, a
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Vi inte Ircuit sy in. ce wi
comp o LB S I B Y s wobe
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. ed | ie iC fFl Eor. I t .
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302 aﬁgqh%rg?&%gﬁ%{%)eg%%mmy region of plugs. Furthermore, by way of

example an y way of limitation, the dense array of plugs in the first
[0034}egiors B0 ahd vibdlduimimdyreatsio 36 pladxia duanthivdegigionf3dezsahe location

and tHERGRGR Hp%ﬁiué%l%ﬁlin the third region 306 helps to protect the first region 302. The
location of the third region 306 helps to protect the first region 302 by being formed in the
region that experiences the most severe erosive forces (i.e. — the region between the outer
perimeter of the first region 308 and the inner perimeter of the second region 310). As
depicted by FIG. 1 (PRIOR ART), the outer perimeter of the dense array 102, adjacent the
region without vias 106, experiences the most erosion; therefore, by placing the dummy
region of plugs (i.e. — the third region 306) adjacent the second region 304, the dummy region
of plugs experiences the most severe erosive stresses and the first region 302 remains
unharmed.

[0035] Furthermore, as mentioned above, the amount of plugs within the third region 306
also helps to prevent erosive stresses upon the first region 302. Succinctly stated, as the
amount of plugs within the third region 306 is reduced, the magnitude of erosion caused by
the CMP process is also reduced. This concept is elucidated more by FIG. 4. FIG. 4 is an
exploded view of line 3--3 of FIG. 3.

[0036] Referring now to FIG. 4, therein is shown a top plan view of the structure of FIG. 3

taken on line 3—3 in accordance with an embodiment of the present invention. FIG. 4
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[0033] In accordance with an embodiment of the present invention, FIG. 3
depicts the second region 304 completely surrounding, and set off from
the perimeter of the first region 302, by the third region 306. Otherwise
stated, the third region 306 is formed between the first region 302 and the
second region 304. Although FIG. 3 depicts the second region 304
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e first region
Since the dielectric 116 polishes at a slower rate than the tungsten, the boundary region

between the third region 306 and the second region 304 experiences reduced erosion during
polishing. By preventing erosion and overetch at the boundary, the possibility of an electrical
short caused by subsequently deposited metal layers is prevented.

[0039] Referring now to FIG. 5, therein is shown a cross sectional view of a portion of a via
sea 500 employing a dummy region. Illustration 500 depicts the one or more tungsten filled
vias 104, the substrate 112, the dielectric 116, the first region 302, the second region 304, the
third region 306, an erosion depression height with dummy region 502, and an overetch
depression height with dummy region 504.

[0040] The illustration 500 depicts a dielectric 116 including the first region 302, the second
region 304, and the third region 306 formed over a substrate 112. The dielectric 116 can be
an oxide, a nitride, an alloy thereof, a compound thereof, and a combination thereof. The
first region 302 is formed by processing the dielectric 116 to form a plug region with one or
more vias filled with a conducting material. By way of example and not by way of

limitation, the conducting material used to fill the one or more vias can be tungsten.
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302 and the second region 304. Furthermore, FIG. 4 illustrates an

embodiment of the present invention wherein the third region 306 forms

dummy rings 402, with varying amounts of tungsten plugs, formed around

the first region 302. The amount of the tungsten plugs within the dummy

rings 402 is decreased from the first region 302 to the second region 304.
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the first region 302, the seco d region 3 the third region 306
[0044orefdrover zosubstrdfe ©12herpia dietbotrie, 11 6repin 00 of dielectric erosion as a

function of dielectric space in accordance with an embodiment of the present invention.
Graph 600 illustrates how erosion decreases as the amount of dielectric space increases. The
inverse relationship between dielectric erosion and dielectric space occurs because as the
dielectric space decreases, the amount of tungsten increases; since tungsten is a softer
material than the chosen dielectric, the amount of erosion increases. Conversely, if the
dielectric space increases, the amount of tungsten decreases, and the amount of dielectric
erosion decreases because the chosen dielectric is harder than tungsten. Graph 600
demonstrates how varying the tungsten density within the third region 306 can affect erosion
rates experienced across the region and consequently control erosion of the first region 302
and overetch at the boundary of the second region 304 and the third region 306.

[0045] Referring now to FIG. 7, therein is shown a flow chart of an integrated circuit
system 700 for fabricating an integrated circuit system in accordance with an embodiment of
the present invention. The system 700 includes forming a substrate in a block 702; forming a

first region with tungsten plugs over the substrate in a block 704; forming a second region
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an oxide, a nitride, an alloy thereof, a compound thereof, and a
combination thereof. The first region 302 is formed by processing the
dielectric 116 to form a plug region with one or more vias filled with a
conducting material. By way of example and not by way of limitation, the
conducting material used to fill the one or more vias can be tungsten. 7
over tfR04istrhe ﬁﬁrﬂatﬁg&nent&oﬁdﬂimfmembpmmbfgmhefidsielegidn il 6 tﬂock 706;
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withi % %qgn FIneafhe Juse ‘819'&1%%8 RS ffbéﬂ%e‘élﬂ‘ﬂ%%‘?n?ﬁ region and

trl occurring from su sequent meta r deposition is alm
the dlelnmmsedcqewpmemmg Bblv to FIG. 6, therein is shown, a graph 600
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ane ment of the present invention. Graph 600 illustrates
commerggiomplesrscd4Pat choiawou lthof dleietuge gpdv@e mcre@be@ thhé)Oundary of a

tungstY S %ﬁl%?oﬂsgéé’aﬁ t%%@eﬁ'%?%ﬁn%‘i Séoﬂu%% %tﬁ' é\‘ﬁe BfURtucing

because asthe eIe tric space decreas s, the a oft ngsten
overelgloréasewidimee Ringsaencd alupftes almost ehmmated and product yield is greatly

increased. This and other valuable aspects of the present invention consequently further the
state of the technology to at least the next level.

[0048] Thus, it has been discovered that the integrated circuit system of the present
invention furnishes important and heretofore unknown and unavailable solutions, capabilities,
and functional advantages. For instance, by forming a dummy region system to absorb
erosion and overetch stresses, the amount of overetch can be reduced, as well as, the
incidence of electrical short. The resulting processes and configurations are straightforward,
cost-effective, uncomplicated, highly versatile and effective, can be implemented by adapting
known technologies, and are thus readily suited for efficient and economical manufacturing.
[0049] While the invention has been described in conjunction with a specific best mode, it
is to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to

embrace all such alternatives, modifications, and variations which fall within the scope of the



material than the chosen dielectric, the amount of erosion increases.
Conversely, if the dielectric space increases, the amount of tungsten
decreases, and the amount of dielectric erosion decreases because the
chosen dielectric is harder than tungsten. Graph 600 demonstrates how
varying the tungsten density within the third region 306 can affect erosion
includated enxperidncathaecrodstheesgionearfdrdonseguentlyhoonirid ehesienoofipanying
.the first region 302 and overetch at the boundary of the second region
i A B A e B L R TRl Y7 e i
shown a flow chart of an integrated circuit system 700 for fabricating an
integrated circuit system in accordance with an embodiment of the
present invention. The system 700 includes forming a substrate in a block
702; forming a first region with tungsten plugs over the substrate in a
block 704; forming a second region 8 over the substrate and adjacent a
portion of the perimeter of the first region in a block 706; forming a third
region over the substrate between the first region and the second region
in a block 708; forming openings in the third region in a block 710; and
depositing a material within the openings for reducing erosion of the first
region in a block 712. [0046] Referring now to FIG. 8, therein is shown a
flow chart 800 for fabricating an integrated circuit system in accordance
with an embodiment of the present invention. The flow chart 800 includes
forming a substrate in a block 802; forming a dielectric layer over the
substrate in a block 804; processing the dielectric layer to form a plug
region in a block 806; processing the plug region to form one or more vias
filled with tungsten in a block 808; processing the dielectric layer to form a
dummy region along at least one boundary of the plug region and along
at least one boundary of a dielectric space region in a block 810;
processing the dummy region to form one or more openings in a block
812; filling the one or more openings with tungsten in a block 814; and
configuring the one or more openings within the dummy region to reduce
overetch at the boundary between the dummy region and the dielectric
space region in a block 816. [0047] It has been discovered that the
present invention has a distinct advantage over commonly employed
CMP techniques. The advantage is that overetch at the boundary of a
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tungsten plug array is greatly reduced by forming a dummy region system.
By reducing overetch, the incidence of electrical short is almost
eliminated and product yield is greatly increased. This and other valuable
aspects of the present invention consequently further the state of the
technology to at least the next level. [0048] Thus, it has been discovered

Whatthatdhe nmt¢elgrated circuit system of the present invention furnishes

important and heretofore unknown and unavailable solutions, capabilities,

aqd funcﬂgngéead%ggtgg&slt sFoE(airr}lsg%nc% tIJIY forming a dummy region
system to AbSGTL " erosioh and overeteh Stresses, the amount of overetch

carfibe regducedtlas wéikksrikendhaiieneevnielacilogl short. The resulting
processes and configuratigns are straightforward,. costzeffective, .
e e R B PR RS g e
adaptidgegmovwi teahtholdigiestranibamediasweradihe suktect fooreffidient @dregion,
economiggl manfagiing. (004 SIS G IVERUen 1S Beeal ot prevents
described I conjunction With a specﬂ‘llc Heat o et is 'io be tindérséod

that many@iterndtiieirmotlifioations, and variations will be apparent to

th?se ski éjsinsttge ggtc'ﬂili 1of C'[{1e 2 rel%%rillg description. Accordingly, it
is‘intended to® embrace all Suc a?%erna\ﬂ[ves, modifications, and variations
wihieldifdawithindindescopebstative selacttddechthaimsidallanétides an alloy thereof, a
hithertofqr forth herein ar shown in the ompanying drawings are

to be inte LT e e 30 What

cldimed BhelsArimtsgraiet¢incginsystevharemprising: a first region within

adie Tl ing- 1 plug: region within the dielectric
o B R i the
dilectridtermysttetnwdemigbifidnimgiomhendsecond region, 5 wherein

G g R S I Mo
thd dielethicinttotaesdesnbdtandeigeletigtieiropmaniorigle, a nitride, an
a'iﬁya}ﬂ%ﬁ%fethe openings configured to decrease from the first region to the second
region.
6. An integrated circuit system comprising:
a substrate;
a dielectric formed over the substrate;
a first region within the dielectric including tungsten plugs; and
a third region within the dielectric adjacent a boundary of the first region and adjacent
a boundary of a second region within the dielectric, wherein the third region
contains openings configured to prevent overetch at the boundary between the
third region and the second region.
7. The system as claimed in claim 6 wherein:
the openings includes continuous or discrete openings.
8. The system as claimed in claim 6 wherein:
the openings contain tungsten.
0. The system as claimed in claim 6 wherein:

the third region is contiguous with the first region and the second region.
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compound thereof, and a combination thereof. 3. The system as claimed
in claim 1 wherein: the material used to fill the openings includes a
tungsten material. 4. The system as claimed in claim 1 wherein: 10 the
third region includes continuous or discrete openings within dummy rings.
5. The system as claimed in claim 1 further comprising: an amount of the
openingd borfigenedstol dacré asel fiand twadiesh region to the second
region. 6. An integrated circuit system.c rising:. a substrate;
I TaR S e R TR BRI g dsprgese from
includinghefigsterzjplugs tlangethindgegion within the dielectric adjacent a
boundary of the first region and adjacent a boundary of a second region
within the dielectric, wherein the third region contains openings
configured to prevent overetch at the boundary between the third region
and the second region. 7. The system as claimed in claim 6 wherein: 20
the openings includes continuous or discrete openings. 8. The system as
claimed in claim 6 wherein: the openings contain tungsten. 9. The system
as claimed in claim 6 wherein: the third region is contiguous with the first
region and the second region. 11 10. The system as claimed in claim 6
wherein: dummy rings within the third region include the openings
configured to decrease from the first region to the second region. 12
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