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hydr ogen peroxide, citric acid, anmoni umlcitrate, and al uni na abrasive
which is used to polish copper interconnects on integrated circuits (I1Cs).
Background of the Invention The integrated circuitry (1C industry
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circuit (1C) interconnects is copper
Field of the Invention

The present invention relates generally to semiconductor
manufacturing, and more particularly to, a slurry composition containing
“hydrogen peroxide, citric acid, ammonium citrate, and alumina abrasive

which is used to polish copper interconnects on integrated circuits (ICs).
Background of the Invention

The integrated circuitry (IC) industry is currently researching and
developing new metallic interconnect materials and structures which can be
used within integrated circuits (ICs). A promising metallic material which
will be used in the future for integrated circuit (IC) interconnects is copper
(Cu). Copper is desired in the integrated circuit industry since copper has
improved electromigration resistance over aluminum and other metallic
materials which are currently being used in the integrated circuit industry. In
addition, copper has a lower resistivity than other commonly used metallic
materials, whereby the performance of integrated circuit devices can be greatly
improved through the use of copper interconnects.

However, there is currently no known technology which can effectively
plasma etch or wet etch copper materials so that functional copper
interconnects are adequately formed over the surface of an integrated circuit. '
In order to overcome this limitation, copper chemical mechanical polishing

- (CMP) has been suggested as the most promising alternative which can render
proper formation of copper interconnects on an integrated circuit. Therefore,
the industry is currently searching for an optimal chemical mechanical

polishing (CMP) slurry which can be used to form copper interconnects on an
integrated circuit (IC). '



(Cu). Copper is desired in the integrated circuit industry since copper has
i nproved el ectrom gration resistance .over alum numand other netallic
materials which are currently being used in the integrated circuit

industry. In addition, copper has a |ower resistivity than other comonly
used netallic materials, whereby the per?ornance of integrated circuit

devi ces can be greatly inproved through the use of copper interconnects.
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al um num pdb idéstower ahtoptimal espper CMP process. However, the use of these known

chemicals has not yet produced optimal copper polishing results.

For example, various experimentation performed using the known
chemistries described above have resulted in one or more of: (1) poor removal
rate whereby CMP throughput is inadequate; (2) excessive pitting and/or
corrosion of the copper material whereby device performance and dew}ice yield
is reduced; (3) layer plénarity problems; (4) poor IC electrical performance; or
(5) poor selectivity to copper over adjacent oxide materials (“oxide” refers to
“silicon dioxide” and the two may be used interchangeably herein.)

Therefore, a need exist in the industry for an improved CMP slurry
which may be used to manufacture copper interconnects while reducing or
eliminating one or more of the above common copper CMP problems. This
improved slurry should have good removal rate whereby CMP throughput is
improved, reduced or eliminated pitting and corrosion of the copper material
whereby device performance and yield is improved, improved planarity of the
copper layer, improved electrical performance of integrated circuits, and/or

improved selectivity of copper to oxide.
Brief Description of the Drawings
FIGs. 1-5 illustrate, in cross-sectional diagrams, a method for forming a

copper interconnect over an integrated circuit (IC) using a chemical

mechanical polishing (CMP) slurry in accordance with the present invention.



known i.n the art to use one of Herr]Jerr], Kigerr], Ce(NdJerr])[err],
Fe(NO err])[err], and K3Fe(CN)6 to polish tungsten material. It is also
known to use one of HN(Jerr], HN[err]OH, or KM err] to perform polishing
of copper. Therefore, these chem cal conpounds have been extensively
researched by CVMP engineers in an atte to di scover an optimal copper CWP
process. However, the use of these known chem cal s:has not yet produced
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integrated circuit (IC) industry in order to form chemically mechanically
polished (CMP) copper interconnects. In particular, the slurry taught herein
contains an oxidizing agent (e.g., hydrogen peroxide H202), a citrate salt (e.g.,
ammonium citrate or pofassium citrate), an abrasive slurry (e.g., alumna
abrasive or silica abrasive), and a balance of a solvent such as deionized water
or an alcohol. In addition, the compound 1, 2, 4-triazole or a triazole
derivative such as benzotriazole can be included within the slurry to improve
copper polishing planarity.

It has been experimentally shown that the use of this new copper slurry
results in an improved removal rate of copper whereby the throughput
through a CMP pmcessi;tg tool can be improved. Removal rates of greater
than 5000 angstroms per minute have been observed. In addition,
experimental results have shown reduced pitting and corrosion of the copper
material whereby the speed. of the integrated circuit is improved and the yield
of the integrated circuit is also improved over prior art copper slurries. In
addition, it has been shown that good planarity has been achieved when using
the slurry taught herein. Good planarity results in enhanced cross-sectional
area of the copper interconnects whereby electrical performance is improved
by reducing interconnect resistance. In addition, the selectivity of copper to
silicon dioxide when using this slurry is high allowing for polish stopping
when performing copper dual inlaid or single inlaid processing. Further, the



FIGs. 1s5 illustrate, in cross-sectional diagrams, a method for formng a
copper interconnect over an integrated circuit (1C) using a chem cal .
mechani cal polishing (CWP) slurry in accordance with the present invention.
3 It will be appreciated that for S|rrpI|C|ty and clarity of
illustration, elements illustrated in thé draw ngs have not necessarily
been drawn to scale. For exanple, the dinensions of sone of the elenents
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i nterconnects. In partic urry
integrated circuit (IC). FIG. 1 illustrates a semiconductor structure 10 which

has a substrate 12. In FIG. 1, a substrate 12 has a base/bottom region which is

typically a single crystalline silicon wafer. However, other semiconductor

substrates can be used such as germanium, gallium arsenide, germanium
silicon, silicon-on-insulator (SOI) substrates, silicon carbide substrates, epitaxial
layers, polysilicon substrate, and the like.

Although not specifically illustrated in FIG. 1, conventional integrated
circuit processing is used to form field isolation and active electrical devices
(e.g., capacitors, MOSFETSs, bipolar devices, diodes, logic gates, etc.) over the
surface of the starting substrate material. These layers are inherently and
collectively illustrated as the bottom/base layer 12 in FIG. 1. These active
devices formed over the substrate are interconnected by semiconductive layers
such as polysilicon, amorphbus silicon, or salicided regions. In the alternative,
these active circuits may also be interconnected by metallic interconnects or
some combination of semiconductive interconnects and metallic
interconnects. FIG. 1 illustrates a layer 14 which is representative of at least
one of these semiconductive or metallic interconnect structures. If the layer 14
is chosen to be a metal interconnect, a'material such as tungsten, aluminum,
and aluminum alloy, copper, gold, silver, refractory metals, conductive oxides,
cbmposites thereof, or the like is typically chosen.

FIG. 1 illustrates that a dielectric layer 16 is formed over a top of the
interconnect structure 14. In one form, the layer 16 of FIG. 1 is a furnace
‘tetraethylorthosilicate (TEOS) layer and/or an ozone TEOS layer. In other
forms, the layer 16 can be a low-k dielectric, borophoshosilicate glass (BPSG),
fluorinated TEOS (FTEOS), polymer materials, plasma enhanced TEOS
(PETEOS), composites thereof, and the like. A typical thickness for the layer 16
is somewhere between a range of roﬁghly 2000A to 8000A and the dielectric
layers are typically formed by some form of chemical vapor deposition (CVD).



cont ai ns an.oxidizing agent (e.g., hydrogen peroxide H202), a citrate salt
(e.g., ammoniumcitrate or potassiumcitrate), an abrasive slurry (e.g.,
al uitma abrasive or silica abrasive), and a bal ance of a solvent such as

dei oni zed water or an alcohol. In additign, the conpound 1, 2, 4-triazole
or a triazole derivative such as benzotriazol e can be included within the
slurry to inprove copper polishing planarity. It has been
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layer 20 is similar to the layer 16 which was previously discussed. In addition,

the thickness of the layer 20 is comparable to the thickness of layer 16 as

previously discussed or is made with layer 16 is up to two times as thick as the

layer 20. ‘Known photolithographic processing and convention etch

technology is then utilized to form a via opening through the layer 16 and a

trench interconnect opening through the layer 20. These openings through

the layers 16 and 20 can be formed in a via first manner or a trench first

manner as is known in the dual inlaid art. Furthermore, although dual inlaid

processing is shown in FIGs. 1-5, the polishing slurry and process taught

herein may be used to form single inlaid structures or copper plug regions.

A conductive layer 22 is then deposited over a top surface of the layer 20,
within the via opening in layer 16, and within the interconnect opening of
layer 20. The formation of the layer 22 in FIG. 1 begins by forming a thin
barrier layer. Typical barrier layers include tantalum nitride, titanium nitride,
titanium tungsten, tantalum, titanium, tantalum silicon nitride, tungsten
nitride, alloys of these materials, composites thereof, and the like. . Typical
thicknesses of the barrier layer run between roughly 20A and a few hundred
angstroms. The barrier layer is needed to ensure that copper within

subsequent metallization regions is properly contained. Subsequent copper
regions which contain copper atoms will not adversely contaminate
surrounding silicon-containing regions (e.g., SiOp) as long as an adequate

barrier is formed.



4 CWP slurry taught herein is nmuch nore environnentally sound than ot her

slurries which are used in the integrated circuit (1 C) industry. The
i nvention can be further understood with reference to FIG 1-5. FlI Gs.
1-5 illustrate a method for form ng a copper interconnect for an integrated
circuit (1C. FIG 1 illustrates a. sem c8&nduct or structure 10 which has a

substrate 12. In FIG 1, a substrate 12 has a base/bottomregion which is
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deposited in FIG. 1 has a copper concentration of greater than 80%.

After formation of the IMP and/or CVD copper layer, an electroplating
process is used to form additional copper material on top of the CVD or IMP
copper base. TyISically, copper electroplating is performed until an overall
thickness of the layer 22 of roughly 7,000-15,000A is achieved. The
electroplated copper may either be pure copper or a copper composite material.

FIG. 2 illustrates that the structure 10 of FIG. 1 is placed into a chemical
mechanical pr—ocessing (CMP) tool. The copper layer 22 of FIG. 1 is placed into
contact with a chemical mechanical polishing (CMP) slurry 24 as illustrated in
FIG. 2. A chemical mechanical polishing pad 26 is placed in contact with the
slurry 24 and is mechanically rotated and applied with pressure in order to
result in effective chemical/mechanical removal of upper portions of the layer

FIG. 2 illustrates an oxidized layer 22a which is formed from the layer
22. The layer 22a is an oxidized copper layer which is formed due to the
exposure of the layer 22 to the slurry 24 in FIG. 2. In essence, the layer 24
contains an oxidizing species which oxidizes a thin top portion of the layer 22
to form the layer 22a as illustrated in FIG. 2. Other chemical species within the
slurry 24 will chemically attack the layer 22a to dissolve layer 22a into the
slurry 24. In addition, various particles or abrasive slurry materials within the



FIG 1.illustrates that a dielectric layer 16 is formed over a top of the

I nt.erconnect structure 14. In one form the layer 16 of FIG 1 is a furnace
tetraethylorthosilicate (TECS) |ayer and/or an ozone TEGCS |ayer. In other
forms, the layer 16 can be a lowk dielectric, borophoshosilicate gl ass
(BPSG), fluorinated TECS (FTEOS), pol yne? nateri al s, plasma enhanced TECS
(PETECS), conposites thereof, -and the like. A typical thickness for the -
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can be utilized within the slurry is hydrogen peroxide (F202). Carboxylate salts

which have been shown to be effective for removal of copper includes one of
many citrate salts such as one or more of ammonium citrate or potassium
citrate. A typical abrasive which has been experimentally shown to result in
good copper removal and planarization is an alumina abrasive, but a silica
abrasive in lieu of the alumina abrasive or in addition with the alumina
abrasive may be used. In addition, an optional triazole derivative or triazole
solution may be added to the slurry. It was experimentally found, for example,
that the addition of 1, 2, 4-triazole to the copper CMP slurry has been shown to
improve copper planarization by reducing the amount of copper recessing into
oxide trench openings. Typical solvents used in the slurry 24 of FIG. 2 is one
or more of deionized water (H20) or an alcohol.

In general, the oxidizing agent (H202) of the slurry 24 may be within
any range of roughly 0.2 weight percent (wt %) to 5.0 weight percent (wt %).
The carboxylate salt or citrate salt can be within a range of roughly 0.2 weight
percent to roughly 20 weight percent. The abrasive slurry (alumna abrasive) is
roughly 1.0 weight percent to 12.0 weight percent of the slurry 24. In addition,
an optional triazole or triazole derivative can be provided within the slurry 24
to be roughly 0.05 weight percent to 2.0 weight percent of the slurry 24. A
remaining balance of the slurry 24 is typiéally deionized water and/or an
alcohol solution. '

In a preferred form, it has been experimentally shown that adequate
copper (Cu) polishing has been achieved using a hydrogen peroxide range



|l ayer 20 is simlar to the layer 16 which was previously discussed. In
addjtion, the thickness of the layer 20 is conparable to the thickness of

| ayer 16 as previously discussed or is nmade with layer 16 is up to two
times as thick as the |ayer 20. Known photolithographic processing and
convention etch technology is then utili8ed to forma via opening through
the layer 16 and a trench interconnect opening through the |ayer 20. These
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polishing pad 26. Oxidized layers 22b are continually formed as polishing

progresses and as oxidized material is being removed. These oxidized layers

22b, which continually form over time and new Cu atoms are exposed to the
slurry, are continually removed by the chemical interaction of the slurry 24 in
conjunction with the mechanical interaction of the polishing pad 26.
Therefore, as illustrated in FIG. 3, an overall thickness of the layer 22 overlying
the dielectric 20 is reduced in thickness while an overall planarity of the layer
22 is gradually improved over time.

FIG. 4 illustrates that chemical mechanical polishing (CMP) using the
slurry 24 continues until a copper interconnect 28 is formed as illustrated in
FIG. 4. In a preferred form, the interconnect 28 would be formed co-planar
with the top surface of the layer 20. However, some recessing/dishing of the
copper layer 22 can occur in most CMP systems resulting in a recessed
interconnect 28 as shown in FIG. 4. It is important to note that the presence of
the triazole or triazole derivative in the CMP slurry has been experimentally
shown to reduce this adverse recessing of the copper interconnect 28.
However, total elimination of the recessing of the layer 28 may not be possible
in all applications. FIG. 4 also illustrates that a thin copper oxide layer 22c may
be left remaining on a top surface of the interconnect layer 28.

FIG. 5 illustrates that the copper recessing problem illustrated in FIG. 4
can be remedied by performing a subsequent oxide polish in addition to the
copper polish illustrated in FIGs. 2-4. In order to perform the oxide polish, a



6 , After formation of the barrier |layer, a chem cal vapor deposition
(CVD) process is then utilized to forma |ayer of copper over the barrier
| ayer. This layer of copper is typically on the order of 1000-3000A in

t hi ckness. This copper material is either a pure copper layer (i.e., a
copper layer not intentionally doped wit% anot her atomor set of atons) or
a copper alloy (which is intentionally doped with another atom ot her than
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made co-planar with the top surface of the copper interconnect 28.

In FIG. 5, a copper dual inlaid interconnect is completed by using the
copper CMP slurry taught herein. |

Although the invention has been described and illustrated with
reference to s;pecific embodiments, it is not intended that the invention be
limited to those illustrative embodiments. Those skilled in the art will
recognize that modifications and variations may be made without departing
from the spirit and scope of the invention. For example, the thicknesses
discussed herein will most likely shrink over time as lithographic feature sizes
shrink and technological advancement progresses. Other deposition methods
such as low pressure CVD (LPCVD), plasma enhanced CVD (PECVD), physical
vapor deposition (PVD), electroless plating, sputtering, and the like may be
used to form various layers herein. Other oxidation agents other than H2O2
inay be used wherein the oxidation agent taught herein can be any chemical
that oxidized copper. Therefore, it is intended that this invention encompass
all of the variations and modifications as fall within the scope of the appended

claims.



FIG 2..A chem cal nmechanical polishing pad 26 is placed in contact with
the slurry 24 and is nechanically rotated and applied with pressure in

order to result in effective chem cal/nechani cal renmoval—of—tupper—pertions

of the layer 22. FIG 2 illustrates an oxidiz which is
formed fromthe layer 22. The layer 22a 18 an oxidiqu ' ﬁ;‘w! ”“M‘nich
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I n essence, the |ayer 24 contains an oxidizing species which oxidizes a
thin top portion of the layer 22 to formthe |layer 22a as illustrated in
FIG 2. Oher chem cal species withinghamgeurry 24 will chemcally attack
the layer 22a to dissolve |ayer 22a into the slurry 24. In addition,
various particles or abrasive slurry materials within the

7 slurry alo L0t he ' Jovenent of the polishing pad 26
results i n214ﬁecha&n%gg*’hg lrlglgf%%&ggpkﬁggl?%eﬁﬁuﬁac rgpflﬁ'mtger ef fectuate
removal of the |ayer civan brden 6H @2 vey%W toXP wt Polof delbxadRan@eagene OXi dation
and renoval of |ayer 22a ang subsequent oxidized Cu | ayers, "top surfaces of

the layer 22a are’ rerfSvaR oreerfdh? wichite 20wt %ol earbonplate saltrachani cal
poli shing (CVP). on 4 Srdet8f Y030t %l e ds LR a'lznll'a%ivez.sﬁ%}tr.a' ns an

oxi di zi ng agent, a

2. The slurry of claim 1 wherein a portion of the slurry is a solvent.
3. The slurry of claim 2 wherein the solvent is deionized water.

4, The slurry of claim 2 wherein the solvent is an alcohol.

5. The slurry of claim 1 wherein the carboxylate salt is a citrate salt.

6.  The slurry of claim 5 wherein citrate salt is ammonium citrate.
7. The slurry of claim 5 wherein citrate salt is potassium citrate.
8. The slurry of claim 1 wherein 1, 2, 4 - triazble is added to the slurry.

9. The slurry of claim 8 wherein the 1, 2, 4 - triazole is added to the slurry -
within a weight percentage range of 0.05 wt % to 2.0 wt %.

10.  The slurry of claim 1 wherein a triazole derivative is added to the slurry.

11.  The slurry of claim 10 wherein the triazole derivative is added to the
slurry within a weight percentage range of 0.05 wt % to 2.0 wt %.

12.  The slurry of claim 1 wherein the slurry is used to remove copper material
from an integrated circuit surface.
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carboxyl ate salt (e.g., a citrate salt), an abrasive slurry, a solvent, and
an optional triazole or triazole derivative. Speci;’r’w_zﬁizng
agent which can be utilized within the slurry is Hy er oxi de 02).
Car boxyl ate salts which have been shown to be effec "jﬂm ﬂﬂm of
copper includes one of many citrate sal tklsuch as’one g’”mni um
citrate or potassiumcitrate. A typical abrasive which has béens *
experinmentally shown to result in good copper renoval and planarization is
an alum na abrasive, but a silica abrasive in |ieu of the alum na abrasive
or in addi iBon Whehsluhey of claimad wibepeinthe Bxidizeng/agéht i hydligéh ?ﬁroﬁae
optional triazol rivative or triazole solution nay be "added to the
slurry. It was éﬁ&&)mantally found, for exanple, that the addition of 1,

2, 4-triazole to the copper CWP slurry has been shown to inprove copper

pl anari zation by reducing the anount of copper recessing into oxide trench
openi ngs. Tgpi cdThesslurmnof claimdl whetrdinr theldbrisié sdiurly! iS.aldmita aBfasye.NOr €
of deionized water (Herr]O or an al cohol. I n"general, the oxidizing
agent (Herr](err]) of the slurry 24 may be within any range of roughly
0.2 wei ght 1gerc 9 ira. f ercent (w. % . The carboxylate
salt or ci terat qu{zflém%rgr@fbglgvlﬁﬁt]ﬁ?er‘]ﬁgﬁrg?r%e of roughly 0.2 weight percent to
roughly 20 wei ght peronean ordéreofdbd asi %eosl.5imty% (oflanmddidngageey | s roughly:
1.0 wei ght percent to 12.0ff¥\ei(%2)'; er%ent of the slurry 24. I'n addition, an
optional triazole or AydhOHeE FLG Wi Jo 1wt feobpserkalate saltnandie sl urry
24 to be roughly 0.0 ' : v)‘lﬁ’}" of the slurry
24. A remaini ng bal a?g\é\ﬁ%?@%ﬁ gr%ty%czlﬂﬁl(g tyﬁ%?:’g?ﬁgé g%gbﬁi zed water

and/ or an al cohol sol ution. In a preferred form it has been

experinmentglly 0 t hat . adequat e copper (Cu) polishing has been achieved-
using a hygkbgeﬁq}?\ggﬂﬁyd‘éf 3‘&}{83‘ comprigg'ng:
' on an order of 1.2 wt % of an oxidizing agent;

on an order of 1.1 wt % of a carboxylate salt which is a citrate salt;

and

on an order of 3.0 wt % abrasive slurry.

17.  The slurry of claim 1 wherein the oxidizing agent is hydrogen peroxide,

the carboxylate salt is ammonium citrate, and the abrasive slurry is an
alumina abrasive.

18.  The slurry of claim 17 wherein a triazole derivative is added to the slurry.

19. A method for polishing a copper layer on an integrated circuit, the method
comprising the steps of: |

forming a dielectric layer having a top surface;

forming an opening in the dielectric layer;

forming a layer comprising copper within the opening and over the
top surface of the dielectric layer; and

polishing the layer comprising copper with a slurry comprising an
oxidizing agent, a citrate salt, an abrasive slurry, and a

solvent, wherein a portion of the layer comprising copper
This Sheet Has Been Replaced
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8 between 1.0 weight and 1.5 weight percent, a citrate salt concentration
wi thin the range of 0.8 weight percent and 1.3 wei:ght percent, an alumma
abrasive concentration within the range of 2.0 vvei-ig,]' 0

wei ght percent, a triazole concentration between r'o ﬂ"lﬁ"ﬂﬂ" Nﬂ!Jper cent
and 0.2 weight percent, and a remaini ngltal ance sol vent¢ A preferre
solution within this range which has been utilized is 1.2 weight percent

hydr ogen peroxide, 1.1 wei ergent a | u ity . | ght _percent
alumna slurry, 0.12 wei gﬂ?gggﬁtgeﬁ}eﬁof ) g@?&ﬁ-@%z‘i}%&%ﬁ%ﬁ&ﬁ% H?ﬂ‘?;

bal ance dei oni zed wat er { bherd phtion of the fyer cdmiprising capper HaRkiri/ia the
previously illustrated | ayer.22a has been renoved by the slurry 24 in
conjunction with the mech@pfa#g-noti on of the polishing pad 26. Oxidized

| ayers 22b are continually formed as polishing progresses and as oxidi zed
material is being renoved. These oxidized | ayers 22b, which continually

formover pone The metiddiofithim B whexgiasihe stép ofiforhing the Riyer conipriniag| v
renoved by the chemical interaction of the slurry 24 in conjunction wt

t he mechani cal FCOPBPERNPHSES t he polishing pad 26. Therefore, as

illustrated in FIG r Lekness . 0, | yi ng the
dielectric 20 is redg%rggﬂ\lg:ﬁ}%h]?%érnéé}gﬁ Iﬁac@r}) ég\r}glrtgllaa?eqé?%ﬁaé‘r? )7 of the
layer 22 is gradual ly inpeoneshteation bf @8pper atoms.

21.  The method of claim 19 wherein the step of forming the layer comprising
copper comprises: '

forming the layer comprising copper via an electroplating process.

22.  The method of claim 19 further comprising:
performing an oxide polish process after the step of polishing the

layer comprising copper.

23.  The method of claim 19 further comprising:

adding a triazole derivative to the slurry.

24.  The method of claim 23 further comprising:
adding 1, 2, 4 - triazole to the slurry.

25.  The method of claim 19 wherein the slurry comprises:
on an order of 1.0 wt % to 1.5 wt % of the oxidizing agent;
on an order of 0.8 wt % to 1.3 wt % of the citrate salt; and
on an order of 2.0 wt % to 4.0 wt % of the abrasive slurry.

26.  The method of claim 19 wherein the slurry comprises:
on an order of 1.2 wt % of the oxidizing agent;
on an order of 1.1 wt % of the citrate salt which is a citrate salt; and
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FIG 4.illustrates that chem cal nmechanical polishi ng (CWP) using the
slurry 24 continues until a copper interconnect 28 iis rat ed
in FIG 4. In a preferred form the |nterconnect 28 ! \AJ)““W“'“ umjl ml
co-planar with the top surface of the | quel* some M

yer 20
recessing/ di shing of the copper |ayer 23 an occui i'n nost CMP systens
resulting in a recessed interconnect 28 as shown in FIG 4. It is inportant

to note that the preggnge Rie[rtcﬂ%dWta’%@f%gﬁb}z{s?ﬂezﬂmﬁer' vative in the CW

slurry has been experlnen y shown to reduce erse recessing of
the copper interconnect 28. However, total eI|n1nat|on of the recessing of

the | ayer not he ble in_all cathns FIG 4 also

i1l ustrat eéyt hat g mﬁawdgeg 13 Mé‘qrﬁ?‘e‘ﬁl i%sﬁ]ﬁ)ls BEUPERIUIA Sirate. ng on a
top surface of the interconnect |ayer 28. FIG 5 illustrates that the
copper recessing problemillustrated in FIG 4 can be renedi ed by

per f or m ng28& sulheqmetitodoaf daimdd whereinaditate sait isopdtassinnppitratpol i sh
illustrated in FIGs. 2-4. In order to performthe oxide polish, a

9 second slurry 30 and a second polishing pad 32 are applied over the top

of seni congyct oy, tlﬁgg%;% gf %lgnhlq g{-e,}(} xﬁ&)ir g}gg&ffﬁ@q}g\lﬁg&ﬁ RbkidR:

Wil e the polishing pa 5 an he sane
pad

30.  The slurry of claim 19 wherein the oxidizing agent is hydrogen peroxide,
the citrate salt is ammonium citrate, and the abrasive slurry is an alumina

abrasive.
31.  The slurry of claim 30 wherein a triazole derivative is added to the slurry.

32. A method for polishing a copper layef on an integrated circuit, the method
comprising the steps of: |

forming a first dielectric layer;

forming an etch stop layer over the first dielectric layer;

forming a second dielectric layer over the etch stop layer wherein
the second dielectric layer has a top surface;

forming a via through the first dielectric layer;

forming an interconnect trench through the second dielectric layer
wherein the via underlies the interconnect trench;

forming a barrier layer within the interconnect trench and the via;

forming a layer comprising copper within the interconnect trench,
within the via, over the top surface of the second dielectric
layer, and over the barrier layer; and

polishing the layer comprising copper with a slurry comprising an
oxidizing agent, a citrate salt, an abrasive slurry, a triazole
derivative, and a solvent, a portion of the layer comiprising

copper remains in the via and the interconnect trench while
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on a same CWP tool, the pads 26 and 32 may be diffreremt—polishing pads on
very different CVWP tools. The slurries 30 and 24 ar i g er ent
whereby the slurry 30 is optimzed for oxide remWaﬂ!ﬂK@ﬁj%Mﬂ“mpper
while the slurry 24 is optimzed for copper renoval @ oxide. In

FIG 5, the slurry 30 is typically a sil ¢a abrasiive which contains KOH and
dei oni zed water. This slurry 30 in conjunction with the polishing pad 32

will enable effective remyalk: ' r{kon.. er 120 ereby the
| ayer 20 is once again ma eﬁ'l é{)trﬂ gfng}g @Fﬁoﬁ?ﬁ‘i’r{%‘? gﬁﬁyéﬁév YW;W‘EJ_BBH
i nt erconnect 28. | N sirface Df the seqiRl ditlédtrit Nlaydrds ireirvednnect is

conpl eted by using the copper CMP slurry taught her'ein. Al t hough the
i nvention has been described and illustrated with reference to specific

enbodi nent it e i v i imted to those
illustrati \S?g' enb—fc’)lga‘l Hn%%’f‘g&]ﬁ%g@%l ég%ﬁlée%ﬁ} H{L{ g&i;??o%%riseﬁ]ecogm ze that

nodi fications and vardrean ordernafyl.0evintde Wb Widktofdhpaxidiathg agent) he spirit
and scope of the invention. For_ exanple, the thicknesses discussed herein
will nost |ikely shrigfkan@gder ofQ.8 3t Yo toa? maphiof the sitrate saltzes shrink and
t echnol ogi cal advanc o | as | ow
pressure CVD (LPCVD)?HFE) aggg&gé] aﬁ?@%‘%@e‘? ﬁ&g@%‘?&%%&i{%\%g@f}(ﬁjﬁﬁ
deposition (PVD), el ant anlozder pf 8i06%to 208 b thetriazvlel detivativke may be used
to formvarious |layers herein. Qther oxidation agents other than
Herr]Jerr] may be used wherein the oxidation agent taught herein can be
any chemc th ol [ LE: 3ibing Soddils s

i nvention ?r%éomﬁﬁagﬁfggc%'@%ﬁhgﬁﬁis‘ggﬁ%d 1%%‘(% %%I{;tl?g&?q gé&??#%a{ehi n
t he scope of thdhampratbeshltissammonium citrate, the abrasive slurry is an alumina

abrasive, and the triazole derivative is 1, 2, 4 - triazole.
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10 . CLAIM5 1. A chem cal nechani cal
polishing slurry conprising: . 0.2 w %to 5w %of an oxidi zing
agent ; 0.2 wt %to 20 wt % of a carboxylate salt; 1.Ow %to
12 wt % of an abrasive slurry; and a solvent. 2. The chem cal nechani cal
polishing slurry of claim1 wherein the Isbl vent is deionized water. 3. The
chem cal nechanical polishing slurry of claim1l wherein the solvent is an
al cohol. 4. The chem cal mechani cal polishing slurry of claim1 wherein
the carboxylate salt is a citrate salt. 5. The chem cal nechani cal

pol i shing sl A CHEMICAL MECHANICAL POLISHENG{CTMP} SLURRY FOR COPPER
AND METHOD OF USE IN INTEGRATED CIRCUIT MANUFACTURE

Abstract of the Disclosure

A method for chemical mechanical polishing (CMP) a copper layer (22)
begins by forming the copper layer (22). The copper layer (22) is then exposed
to a slurry (24). The slurry (24) contains an oxidizing agent such as H2O2, a
carboxylate salt such as ammonium citrate, an abrasive slurry such as alumna
abrasive, an optional triazole or triazole derivative, and a remaining balance
of a solvent such as deionized water. The use of the slurry (24) polishes the
copper layer (22) with a high rate of removal whereby pitting and corrosion of
the copper layer (22) is reduced and good copper interconnect planarity is
achieved. This slurry (24) has good selectivity of copper to oxide, and results in
copper devices which have good electrical performance. In addition, disposal
of the slurry (24) is not environmentally difficult since the slurry (24) is

environmentally sound when compared to other prior art slurries.

Figure 2 accompanies this abstract.
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6. The chemnical nechanical polishing slurry of claim4 wherein citrate salt
is potassiumcitrate. 7. The chemical mechanical polishing slurry of claim
1 wherein 1, 2,4-triazole is added to the chem cal nechanical polishing
slurry. 8. The chem cal nechanical polishing slurry of claim7 wherein the
1,2,4-triazole is added to the chem cal nechanical polishing slurry within
a wei ght percentage range of 0.05 wt @6to @p w% 9. The chem cal
mechani cal polishing slurry of claiml1l wher€in a triazole derivative is
added to the chem cal nechanical polishing slurry. 10. The chem ca

mechani cal polishid@-slurry of claim9 wherein the triazole derivative is
added to the chem cal h ng slur Lo _a_wei ght
per cent age range of 0.05 \ mechani cal
polishing slurry of claim ' ' dr ogen
peroxi de (H sub.2 0.sub.?2). ' ' ' I shing slurry
of claim1l wherein the abrgsive sl ur N ' a vefJ 13. The
chem cal mechani cal polishfng sg@rry onprbaing:
18 ~—
18
16 16 >
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A\ A\

zz 20
18 3=
C _ 18
16
16 16
| \\\ 5 )
14’ 12
A\ A\

F1G.2



1.0 mt, %to 1.5 wt % of an oxidizing agent; 2.00.8 wm %to 1.3 wm %

of a carboxylate salt; and 2.0 w %to 4.0 wt %abrasive slurry.

14. The chem cal nechanical polishing slurry of claim1 conprising:

1.2 wt % of an oxidizing agent; 1.1 wt %of a carboxylate salt which
Is a citrate salt; and 3.0 t % abrasive slurry. 15. The chem cal

mechani cal polishing slurry of claim1l g§ein the oxidi zing agent is
hydr ogen peroxi de, the carboxyl ate salt anmoniumcitrate, and the
abrasive slurry is an alum na abrasive. 16. The chem cal nechanical
polishing slurry of claim15 wherein a triazole derivative is added to the
chem cal nechani cal polishing slurry.




17. A nethod for polishing a cooper layer on an integrated circuit, the

met hod conprising the steps of: fornming a dielectric |ayer having a top
surface; formng an opening in the dielectric layer; formng a |ayer
conprising copper within the opening and over the top surface of the
dielectric layer; and polishing the |ayer conprising copper wth a
polishing slurry conprising an oxidi zi ng ggfnt, a citrate salt, an abrasive
slurry, and a solvent, wherein a portion"of .the |ayer conprising copper
overlying the top surface of the dielectric layer is renobved and a portion
of the layer conprising copper remains and a opening. 18. The nethod of
claim 17 wherein the step of. form ng the | ayer conprising copper conprises:
form ng the | ayer conprisipg P . I t % odpncent rati on of
copper atonms. 19. The nmeyhod of claim 17 wherein th@zstep f formng the

| ayer conpri sing copper c§nprises: —

e
." N ;
\\ >18




frorm ng the | ayer conprising copper via an el ectroplating procé@.‘”%lThe
met hod of claim 17 further conprising: perfornmng an oxide poli si“)dg:ocas '
after the step of polishing the |ayer conprising copper. s -
12 21. The nethod of claim 17 further conprising: adding a triazole
derivative to the polishing slurry. 2219The nethod of claim 17 further
conprising: adding 1,2,4-triazole to the polishing slurry.

CLAIMS e

1.A ch%rgizs.tl :Zizhgr‘l:;iz p(;}l.l:nhl(l)lf1 zilzlfrrl; Zc;rer;ﬁ:'ising: ! l I”I’!I M’![ ”!” ”’!’ Il l*”I
0.2 wt % to 20 wt % of a carboxylate salt;
1.0 wt % to 12 wt % of an abrasive slurry; and a solvent.

2. The chemical mechanical polishing slui'ry of claim 1 wherein the solvent is
deionized water.

3. The chemical mechanical polishing slurry of claim 1 wherein the solvent is an
alcohol.

4. The chemical mechanical polishing slurry of claim 1 wherein the carboxylate salt
is a cifrate salt.

5. The chemical mechanical polishing slurry of claim 4 wherein citrate salt is
ammonium citrate.

6. The chemical mechanical polishing slurry of claim 4 wherein citrate salt is
potassium citrate.

7. The chemical mechanical polishing slurry of claim 1 wherein 1, 2,4-triazole is
added to the chemical mechanical polishing slurry.

8. The chemical mechanical polishing slurry of claim 7 wherein the 1,2,4-triazole is
added to the chemical mechanical polishing slurry within a weight percentage range
of 0.05 wt % to 2.0 wt %.

9. The chemical mechanical polishing slurry of claim 1 wherein a triazole derivative
is added to the chemical mechanical polishing slurry.

10. The chemical mechanical polishing slurry of claim 9 wherein the triazole
derivative is added to the chemical mechanical polishing slurry within a weight
percentage range of 0.05.-wt % to 2.0 wt %.

11. The chemical mechanical polishing slurry of claim 1 wherein the oxidizing agent
is hydrogen peroxide (H.sub.2 O.sub.2).

12. The chemical mechanical polishing slurry of claim 1 wherein the abrasive slurry is
alumina abrasive.

13. The chemical mechanical polishing slurry of claim 1 comprising:
1.0 wt % to 1.5 wt % of an oxidizing agent;

2.0 0.8 wt % to 1.3 wt % of a carboxylate salt; and
2.0 wt % to 4.0 wt % abrasive slurry. REPLACEMENT SHEET
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23. The nmethod of claim 17 wherein the polishing slurry conprises:

1.0w %to 1.5 w %of the oxidizing agent; - 0.8 wt_ % - %
of the citrate salt; and 2.0 wWm %to 4.0 mt 9% of the abrasiv
slurry. 24. The method of claim 17 wherein the polighj ‘“:“‘\L\ “\ses
1. 2w %of the oxidizing agent; 11 1.1 w %ofi t\m \

which is a citrate salt; and 3.0 wt %of the abrastvetsi™rry. 25.

The nmethod of claim 17 wherein citrate salt is amoniumcitrate. 26. The

met hod of chai : | l : | & 1S patassiumcitrate. 27. The
met hod of c:lg’i 'frﬁe]f;e%%; gegha?%%ﬂ Eél?s&?r% S&%&Q‘ﬁ?”f Zc?f?ﬂ?ﬂﬁ%'n peroxide.  28.
The net hod of cl ?i m 17 \gherei 1 .the oxidizing agent is hydrogen peroxide,
the citrate salt [P2Vamfs N GHYFRE 885 and the abrasive slurry is an
al uni num abr asi vé.l Wb's of pcarbexylatesaliwhichyisp citsatesaltapd a triazol e
derivative is addéwt% abrsiveslurshi ng slurry. 30. The nethod for polishing
a copper layer on an integrated circuit, the nethod conprising the steps
of : 15. The chemical mechanical polishing slurry of claim 1 wherein the oxidizing agent

' is hydrogen peroxide, the carboxylate salt is ammonium citrate, and the abrasive

slurry is an alumina abrasive.

16. The chemical mechanical polishing slurry of claim 15 wherein a triazole
derivative is added to the chemical mechanical polishing slurry.

17. A method for polishing a cooper layer on an integrated circuit, the method
comprising the steps of:

forming a dielectric layer having a top surface;
forming an opening in the dielectric layer;

forming a layer comprising copper within the opening and over the top surface of the
dielectric layer; and

polishing the layer comprising copper with a polishing slurry comprising an oxidizing
agent, a citrate salt, an abrasive slurry, and a solvent,

wherein a portion of the layer comprising copper overlying the top surface of the
dielectric layer is removed and a portion of the layer comprising copper remains and a
opening.

18. The method of claim 17 wherein the step of forming the layer comprising copper
comprises:

forming the layer comprising copper with at least an 80% concentration of copper
atoms.

19. The method of claim 17 wherein the step of forming the layer comprising copper
comprises: :

forming the layer comprising copper via an electroplating process.
20. The method of claim 17 further comprising:

performing an oxide polish process after the step of polishing the layer comprising
copper.
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formng a first dielectric layer; formng an etch stop |ayer over the

first dielectric layer; formng a second diel ectrchCh

stop | ayer wherein the second dielectric |ayer has 2”@@ surface; formng
A

a via through the first dielectric layer; form ng ”ﬂg”",rench
t hrough the second dielectric |ayer whengin the via
i nt erconnect trench;
formng a barrier layer within the interconnect trench and the via;
formng a | 3yefneiiemba 3F Odinkt 2P Rfthelbiibisihfi® ' Nt erconnect trench, within
adding a triazole derivative to the polishing slurry.
22. The method of claim 17 futther comprising:
~ adding 1,2,4-triazole to the polishing slurry.
23. The method of claim 17 wherein the polishing slurry comprises:
1.0 wt % to 1.5 wt % of the oxidizing agent;
0.8 wt % to 1.3 wt % of the citrate salt; and
2.0 wt % to 4.0 wt % of the abrasive shurry.
24. The method of claim 17 wherein the polishing slurry comprises:
1. 2 wt % of the oxidizing agent;
1.1 wt % of the citrate salt which is a citrate salt; and
3.0 wt % of the abrasive slurry.
25. The method of claim 17 wherein citrate salt is ammonium citrate.
26. The method of claim 17 wherein citrate salt is potassium citrate.

27. The method of claim 17 wherein the oxidizing agent is hydrogen peroxide.

28. The method of claim 17 wherein the oxidizing agent is hydrogen peroxide, the
citrate salt is ammonium citrate, and the abrasive slurry is an aluminum abrasive.

29. The method of claim 28 wherein a triazole derivative is added to the polishing
slurry.

30. The method for polishing a copper layer on an integrated circuit, the method
comprising the steps of*

forming a first dielectric layer;
forming an etch stop layer over the first dielectric 1ayer;

forming a second dielectric layér over the etch stop layer wherein the second
dielectric layer has a top surface;

forming a via through the first dielectric layer;

forming an interconnect trench through the second dielectric layer wherein the via
underlies the interconnect trench;
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the:-via, over the top surface of the second diele r the

barrier layer; and polishing the |ayer conprising er with a slurry
conprising an oxidizing agent, a citrate salt, an d@iﬁwlﬂu:umm"ﬁ
triazole derivative, and a solvent, a portion of t g
copper renmains in the via and the interi@onnect trench whi fe & por tYi on of

the | ayer conprising copper overlying the top surface of the second
dielectric layer is renoved. 31. The nethod of claim 30 wherein the slurry

conpri ses: . . % : 0 lidi zL.hg agent; 0.8
w %to 1. fowln%acha;’?%é gﬁ%@e&%grft%mﬁ&{ﬁé&gagéﬁé%To 4.0 wt % of the
abrasive slurry; and .. 0.5%1t0.2.0%0f the trjazole.derivative. 32.
The: et hod "Bk atRtcs sommesiag fopars Wik ﬁfilw%gjwﬂ tepicByWithBen per oxi do,
the citrat ¢hg¥ia; oves theep siifeseafithesecond diglegicdayeyandioyer thei s an al uni na
abrasi ve, dwiierfeyeryangdzol e derivative is 1,2, 4- triazole.

polishing the layer comprising copper with a slurry comprising an oxidizing agent, a
citrate salt, an abrasive slurry, a triazole derivative, and a solvent, a portion of the
layer comprising copper remains in the via and the interconnect trench while a portion
of the layer comprising copper overlying the top surface of the second dielectric

layer is removed. '

31. The method of claim 30 wherein the slurry comprises:

1.0 wt % to 1.5 wt % of the oxidizing agent;
0.8 wt % to 1.3 wt % of the citrate salt;

2.0 wt % to 4.0 wt % of the abrasive slurry; and
0.5% to 2.0% of the triazole derivative.

32. The method of claim 30 wherein the oxidizing agent is hydrogen

peroxide, the citrate salt is ammonium citrate, the abrasive slurry is an
alumina abrasive, and the triazole derivative is 1,2,4- triazole.
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A CHEMICAL MECHANICAL POLISHING (CMP) SLURRY FOR COPPER
AND METHOD OF USE IN INTEGRATED CIRCUIT MANUFACTURE

Abstract of the Disclosure

A method for chemical mechanical polishing (CMP) a copper layer (22)
begins by forming the copper layer (22). The copper layer (22) is then exposed
to a slurry (24). The slurry (24) contains an oxidizing agent such as H2O2, a
carboxylate salt such as ammonium citrate, an abrasive slurry such as alumna
abrasive, an optional triazole or triazole derivative, and a remaining balance
of a solvent such as deionized water. The use of the slurry (24) polishes the
copper layer (22) with a high rate of removal whereby pitting and corrosion of
the copper layer (22) is reduced and good copper interconnect planarity is
achieved. This slurry (24) has good selectivity of copper to oxide, and results in
copper devices which have good electrical performance. In addition, disposal
of the slurry (24) is not environmentally difficult since the slurry (24) is

environmentally sound when compared to other prior art slurries.

Figure 2 accompanies this abstract.
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