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MECHANI CAL POLI SHI NG 5 BACKGROUND OF THE DI SCLOSURE 1. Field of the
Di scl osure The present disclosure relates to an aqueous slurry for
use in chem cal 10nechani cal polishing (CW) of sem conductor
substrates. Mre particularly, the present disclosure relates to an
aqueous slurry that is particularly useful for polishing multiple
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achieve higher component density, current research is directed towards utilizing

innovative substrate materials and planarization schemes. The problem that arises is
that present polishing compositions are incapable of achieving the planarity
requirements critical for maximal circuit performance.
25
As described in United States Patent No. 7,166,506, to Prince et al. and shown in
Fig 1, in the formation of a transistor, an interlayer dielectric is deposited over the device
structure, which has a polysilicon gate. This dielectric layer is planarized via CMP until
the polysilicon gate is exposed. In the process of Fig 1, the polysilicon gate is exposed
30 by adequate CMP removal of the dielectric layer, etch stop layer, hardmask, and part of
the spacers. In conventional integration schemes, a two step process is required. A
CMP composition such as that disclosed in United States Patent Nos. 5,759,917 and
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and previous integration schemes to improve FEOL and/or BEOL CMP. Current
slurries are only useful for particular applications, requiring the use of many different
kinds of slurries, which adds significantly to the cost of the related processes, because
requires users to stock many different slurries.

25

SUMMARY OF THE DISCLOLSURE

The present disclosure provides CMP slurries and concentrates for planarizing
current and next generation semiconductor integrated circuit substrates. The
30 concentrate comprises a) an abrasive, b) an acid, c) a stabilizer, and d) water. The

present disclosure provides a concentrate which can be highly diluted to form a



SiC, a feature which will enable 3D system | evel devices as well as
be utilizable for 15previous SIC integration schenes. Thus, in
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Thus, in one embodiment, the present disclosure provides a highly dilutable
concentrate for polishing a substrate for semiconductor integrated circuit devices. The
concentrate comprises an abrasive, an acid, a stabilizer, and water. The pH of the

20 concentrate is between 2.2 and 2.9.

In another embodiment, the present disclosure provides a method of polishing a
transistor with a slurry, the slurry comprising an abrasive, an acid, a stabilizer, and
water, the transistor comprising a polysilicon gate, a hardmask over the polysilicon gate,

25  an efch stop layer over the hardmask, and a dielectric layer over the etch stop layer, the
method comprising the step of polishing the dielectric layer, the etch stop layer, the

hardmask, and the polysilicon gate with the slurry.

In another embodiment, the present disclosure provides a method of polishing a
30 multi-layer substrate with a slurry, the slurry comprising an abrasive, an acid, a

stabilizer, and water, the substrate comprising multiple layers, wherein at least one of



current and next generation integrated circuit substrates as a
function of point-of-use (POQU) pH Fig 5is a chart that
di splays the typical selectivity to TECS for a variety of current 20
and next generation integrated circuit substrates as a function of
PQU pH; Fig 6 is a chart that displays the typical zeta
potential as a function of pH for the slurry of the present
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and nature of the acid. The amount of acid in the concentrate is such
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20 and next generation integrated circuit substrates as a function of POU pH;

Fig 6 is a chart that displays the typical zeta potential as a function of pH for the

slurry of the present disclosure with and without the use of a stabilizer; and

25 Fig. 7 is a chart that displays the normalized removal rates of TEOS and

tungsten as a function of the concentration of biocide in the POU slurry.
DETAILED DESCRIPTION OF THE DISCLOSURE

30 The present disclosure provides a CMP slurries and concentrates for planarizing

current and next generation semiconductor integrated circuit substrates. The



concentrate is between 2.2 and 2.9. The slurry prepared fromthis
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30 The abrasive of the concentrate can be any suitable abrasive including, but not

fimited to, alumina, silica, titania, ceria, zirconia, surface-treated abrasives, along with



15be a organotin, salicylanilide, nercaptan, quaternary anmoni um
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Use of the stabilizer serves to provide elecirokinetic potential, which is in the
stable regions as displayed in Fig 6. Without the use of a stabilizer, Fig 6 displays that
20 a composition will carry unstable colloidal stability which will ultimately lead to particle
growth, agglomeration, and/or phase separation. Zeta potential is a measure of
electrokinetic potential in colioidal systems, meaning that it measures the charge of the
particles in the concentrate, and théir propensity to repel or attract each other. The
higher the positive or negative value, the more stable the concentrate or slurry is. When
25  approaching zero, the concentrate will be unstable, as the particles will agglomerate.
As can be seen in Fig. 6, without a stabilizer the concentrate of the present disclosure is
in an unstable region over a broad range of pH values. With a stabilizer, there are only

limited pH values over which the concentrate is unstable.

30 The biggest advantage of a highly dilutable concentrate is the capability to

provide the end user with a reduced cost of ownership. The end user is able to dilute
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the concentrate with water, to formulate the POU slurry for use. The present disclosure
provides the user with the ability fo tune substrate removal performance as a function of
dilution, such that the end user is able to utilize the concentrate to reduce costs and
tune for specific processing requirements. The use of concentrates is a challenge,
however, because at the high amounts of component concentration (such as acids and
abrasives), the stability of the concentrate is adversely affected. As discussed above,
this phenomenon is observed because colloidal particle stability is governed by steric
and surface effects. In general, the greater the amount of abrasives in a composition,
there is a greater likelihood for instability. The concentrate of the present disclosure,
however, has proven stability for up to a 30 wt% abrasive concentration, and at very low

pH values.

The concentrate of the present disclosure may optionally utilize a biocide for
contamination prevention and/or mitigation. The biocide of the present disclosure may
be a organotin, salicylanilide, mercaptan, quaternary ammonium compound, or
hydrogen peroxide. The general range for the biocide of the present disclosure is 0.001
wt% — 8 wit%, based on the total weight of the concentrate. The biocide has also been
found {o help preserve polysilicon surfaces and serve to enhance tungsten removal
when added as a supplement at POU dilution. It has been found that in the
concentrate, lower weight ranges of biocide, closer to 0.001 wit%, are suitable, while
after the concentrate has been diluted, additional biocide can be added, up to 2 wt%, up
to 5 wt%, and up to 8 wt%, based on the total weight of the POU slurry. Again, adding
the biocide in these amounts after dilution has been shown to help preserve polysilicon

surfaces.

The concentrate can further optionally comprise additives to tune to specific
performance criteria. Additives include, but are not limited to, cationic surfactants,
anionic surfactants, nonionic surfactants, poly-electrolytes, amphoteric surfactants,
benzotriazole, triazole, benzimidazole, hydrogen peroxide, glycerol, and compounds

and mixtures thereof.
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EXAMPLES

Examples are provided to further illustrate the capabilities of the concentrate of
the present disclosure. The provided examples are not intended and should not be

5 construed to limit the scope of the present disclosure.

Example 1

In this example, the concentrate comprises 12 wt% colioidal silica abrasive (such
10 as those provided by Nalco, Fuso, or Nissan corporations), 0.10 wi% quaternary
ammonium compound as a stabilizer, and 0.26 wt% of an inorganic acid, such as
hydrochloric acid, nitric acid, sulfuric acid, phospheoric acid, to achieve a concentrate pH
of 2.2. Various dilutions, using water, were created to measure the removal
performance of oxide, polysilicon and silicon nitride (SixNy) films, shown in Table 1. For
15  all examples an AMAT Mirra polisher was used with a downforce of 3psi and a flow rate
of 175 mL/min.

TABLE 1. Normalized removal rate vs. dilution factor

POU
Dilutio Abrasives wt- TEOS PolySi  SiN TEOS: TEOS:

n % RR RR RR PolySi SiN
24x 0.50% 213 2.56 1 0.8 2.1
12x 1.00% 3.97 3.46 3.17 1.1 1.3

6x 2.00% 7.52 4.79 5.57 1.6 1.4

4x 3.00% 9.44 5.99 8.32 1.6 1.1

20 The resuits in Table 1 display feasible removal rates for oxide, polysilicon, and

SixNy films at varied dilutions. The results also indicate the capability to tune the

present disclosure based on dilution factor as fit for process requirements.
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function of pH for the present disclosure. In Fig. 6, it clearly shows that without the use
20  of a stabilizer, the composition zeta potential lingers over a wide pH range in the region
of colloidal instability. With the utilization of a stabilizer, however, the composition
displays high level of colloidal stability at low pH and as pH is increased, the zeta
potential drops rapidly through the instability region and again regains high stability. It
should be noted that even at the isoelectric point of the composition, with the use of the
25  stabilizer, colloidal stability is still maintained. This is clearly a marked advantage of the

present disclosure over prior art.
Example 2

30 In this example, the concentrate comprises 12 wt% colloidal silica abrasive (such

as those provided by Nalco, Fuso, or the Nissan corporations), 0.10 wt-% quaternary

10
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25 The prior art does not reveal a composition that is capable of an effective one-
step process to remove the layers defined in this example. For example, United States
Patent No. 7,365,013, which utilizes a 12.5 wi% fumed silica composition, can at best
achieve a 5:1 TEOS:SIN selectivity as stated in Example 1, and indicates no capability
to remove polysilicon, aluminum, or other substrates. Similarly, United States Patent

30 No. 6,027,554, which utilizes a 10 wt% SixNy abrasive, can at best achieve a 9:1

TEOS:SIN selectivity with removal rates which are far too aggressive for such

11



applications. United States Patent No. 6,027,554 al so displays no

i ndi cation of capability to renove polysilicon, alum num or other
substrates. United States Patent No. 6,984,588, utilizes a pulverized
ceria abrasive, and displays effective TECS and SiN renoval rates as
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9 5 psi downforce process. Those skilled in the art will state this
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and si F%”EBH”fBan? grﬁ%t? $%ed renmoval rates. OFAvg. TECSAvg. Si CAvg.
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10 Example 3

in this example, the concentrate comprises 12 wit% colloidal silica abrasive (such
as those provided by Nalco, Fuso, Nissan corporations), 0.10 wt-% quaternary
ammonium compound as a stabilizer, and sufficient inorganic acid, such as hydrochloric
15 acid, nitric acid, sulfuric acid, phosphoric acid, to achieve a concentrate pH of 2.2. In
this example, a 3 wt% abrasives POU slurry was created via dilution with water. Table
2 displays the normalized removal performance of the present disclosure on TEOS and

silicon carbide (SiC) films.

20 TABLE 2. TEOS and silicon carbide normalized removal rates.
DF  Avg. TEOS  Avg. SiC Avg. Cu
(psi) RR RR RR
1 45.75 1.00 10.50
2 80.33 2.42 11.58
3 101.50 3.42 17.25

In the case of 3D system level device integration as shown in Fig 2, a very thin
layer of SiC serves as a stop layer in back end of the line (BEOL) processes. While
common CMP chemistries similar to those described in United States Pat. No.

25 6,255,211, which can achieve relatively high silica to silicon carbide (50:1) selectivity

can be utilized for current SiC barrier schemes, they are not readily applicable to 3D

12
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this example, a 3 wt% abrasives POU slurry was created via dilution with water. The
example serves to provide the capability of tuning the surface roughness of, in this
case, polysilicon. Utilizing various wt% hydrogen peroxide in the POU slurry, an

effective reduction in polysilicon surface roughness is observed as shown in Table 3.

20
TABLE 3. Polysilicon surface roughness vs. POU hydrogen peroxide.
Polysilicon

POU Hydrogen Rqg, Rms

Peroxide (wt-%) (A)
0.0% 9.04
0.1% 6.65
0.5% 3.65
1.0% 3.28
5.0% 2.61
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Rg, Rms (A) 0.0%9.04 0.1%6.65 0.5%3.65 1.0% 3.28 5.0% 2. 61

The results in Table 3 can be critical to applications and/or
application tuning, to mnimze |ocalized etching and pitting on

pol ysilicon surfaces. For the poly-open polish integration schene as
defined in United States Patent No. 7,166,506 and shown in Fig 1.
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Fig. 7Exhihiple® al so displays that mninal inpact is observed on TEGCS
reEr(t))vaI rate with POU suppl enentati on of

In this example, the concentrate comprises 12 wt% colloidal silica abrasive (such
as those provided by Nalco, Fuso, or Nissan corporations), 0.10 wt% quaternary
ammonium compound as a stabilizer, and 0.26 wt-% inorganic acid, such as
hydrochloric acid, nitric acid, sulfuric acid, or phosphoric acid, to achieve a concentrate

15 pHof2.2. In this example, a 3 wt% of abrasive POU slurry was created via dilution with
water. The example illustrates how the amount of biocide can enhance tungsten
substrate removal. Increasing the hydrogen peroxide in the POU slurry from 0 to 6 wt%
yields an 11x increase in tungsten removal rate, as shown in Fig. 7. Fig. 7 also displays
that minimal impact is observed on TEOS removal rate with POU supplementation of

20  hydrogen peroxide, thus allowing for TEOS:W selectivity tuning as needed. The results
are indicative that the present disclosure has the capability to be utilized for tungsten

removal either in bulk polish and/or buff processes.

While the present disclosure has been described with reference to one or more
25  exemplary embodiments, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements thereof without
departing from the scope of the present disclosure. In addition, many modifications may
be made to adapt a particular situation or material to the teachings of the disclosure
without departing from the scope thereof. Therefore, it is intended that the present

30 disclosure not be limited to the particular embodiment(s) disclosed as the best mode
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20hydr ogen peroxide, thus allowing for TECS: Wsel ectivity tuning as
needed. The results are indicative that the present disclosure has
the capability to be utilized for tungsten renoval either in bulk
pol i sh and/ or buff processes. While the present disclosure has been
described with reference to one or nore 25exenplary enbodi nents, it
wi || be understood by those skilled in the art that various changes
may be reof
Wt hout CAo P R B N B SisEB K RSy iRalde h ERpolm RN W R R
addi t i oscopemiyheregpéndeat dlains. nay be made to adapt a particul ar
situation or material to the teachings of the disclosure wthout
departing fromthe scope thereof. Therefore, it is intended that the
present 30 disclosure not be limted to the particul ar enbodi nment (s)
di scl osed as the best node contenplated, but that the disclosure
will include all enbodinents falling within the scope of the appended
claims. WHAT IS CLAIMED 1. A highly dilutable concentrate for
polishing a substrate for sem conductor integrated circuit devices,
conprising: 5a) an abrasive; b) an acid; c) a stabilizer; and d)

wat er, wherein the pH of the concentrate is between 2.2 and 2.9. 10
2. The concentrate according to claim1l, wherein the abrasive is
selected fromthe

15



group consisting of alumna, silica, titania, ceria, zirconia,
co-formed products thereof, and m xtures thereof. 153. The concentrate
according to claim2, wherein the abrasive is colloidal silica. 4.
The concentrate according to claiml1l, wherein the abrasive is present
in the concentrate in the amunt of 6 W% to 30 wt% based on the
total weight of the concentrate. 20 5. The concentrate according to
clain1%VHA@q§qhq“Eﬁﬁ%acid is selected fromthe group consisting of

gl uconi 7O, acid, citric acid, tartaric acid, malic acid,
glycolic acid, malonic acid, formc acid, oxalic acid, sulfonic acid,
am no gcid, ,am noacetic acid, hydrochloric acjid, ,ni.tric acid,

Ul Fur e acPdion kbl Shenateihotdininga Sbdtagryiamesidicanor o
acid, gfegramd diotitWesfcesNedfipfising: 6. The concentrate according to
claim1, wherein the acid is present in the concentrate in an anount
of §.01 wt 9@} @n2brags based on the total weight of the concentrate.
30 7.The cgggﬁgEﬁate according to claiml1l, wherein the acid is
present in e contentrate in an anount of 0.05 wt%to 3 wt% based
on the totab)awtaiiitzenfaridhe concentrate. 58. The concentrate accordi ng
to claim1l, rhe ein the stabilizer is selected fromthe group

consi sting 8 WE£Ic12 al kanol's and derivatives thereof, ethanol anine,

net hyl anmi noghbam@the i Bk tHyt@venaaldia betwedS2Pr Apmol ani ne,
t et r amet hyl anmoni um hydr oxi de, tetrabutyl amoni um hydroxi de, and any

m XPures thereof. 109. The concentrate according to claim 1, wherein

the stabilizgg chicdieRE Bﬁcérﬂing;gﬁ c\@?ﬁgﬁpﬁgﬁéﬁ th& ab%i@‘@%‘ec?é%ﬁo@&ée

w%to 5 w% based on the to the concentrate. 1
concengrapecanststingioh giunyna) silica, litanfa)cehier zivaomja, icsifagnaed birasitictiethereof,

sel ect fr.om 15 h roup consisting of organotin, salicylanilides,
nercap%ﬂﬂ,rﬁ'gwﬁseﬁ}‘ﬁg%@' anmoni um conpound, hydrogen peroxi de, and any
m xtures thereof 11. The concentrate according to claim 10, wherein
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4, The concentrate according to claim 1, wherein the abrasive is present in the
concentrate in the amount of 6 wt% to 30 wt%, based on the total weight of the
concentrate.

20
5. The concentrate according to claim 1, wherein the acid is selected from the
group consisting of gluconic acid, lactic acid, citric acid, tartaric acid, malic acid, glycolic
acid, malonic acid, formic acid, oxalic acid, sulfonic acid, amino acid, amincacetic acid,
hydrochloric acid, nitric acid, sulfuric acid, phosphonic acid, phosphoric acid, organo-

25  phosphoric acid, and any mixtures thereof. .

6. The concentrate according to claim 1, wherein the acid is present in the
concentrate in an amount of 0.01 wit% to 20 wt%, based on the total weight of the
concentrate.
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amount of 0.001 wt%to 8 wt% based on the total weight of the
concentrate. 13. The concentrate according to claim1, further
conprising an additive selected fromthe group consisting of cationic
surfactants, anionic surfactants, nonionic 25surfactants,

pol y-el ectrol ytes, anphoteric surfactants, benzotriazole, triazole,
benzi m dazol e, hydrogen peroxide, glycerol, and conpounds and
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abrasive is present in an anbunt of 0.5 wt%to 30 wt % based on the

total wel"ghEt™"

%tF‘the slurry. 15. The concentrate according to
claim 14, wherein a pH of the point-of-use slurry is 5 between 2.2
and 3.5, 16. The slurry of claiml1, wherein the slurry consists
essenti®l |y die cficgnipieascerding fn daie i1awhekain the elpbilizeidp selested fiamdhpe
and optdBnglchisistnPb0e]-88; aikddis aﬁd%ﬁbé‘ﬁi{)&fth&@dﬂ%}h%@nﬁﬁe‘?‘ns' stor
with aslurry, the slurry conprising an abrasive, an acid, a
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ate, id.nolysili.con t stepp | ayer over
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15sai d nethod conprising the step of polishing said dielectric |ayer,
said etch s | ayer, said hardmask, and said polysilicon gate wth
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substrate with a slurry, the slurry conprising an abrasive,” an acid,
a st abigongentratgnd wat er,

10.  The concentrate according to claim 1, further comprising a biocide selected from
15 the group consisting of organotin, salicylanilides, mercaptan, quaternary ammonium
compound, hydrogen peroxide, and any mixtures thereof.

11.  The concentrate according to claim 10, wherein the biocide is hydrogen peroxide.

20 12. The concentrate according to claim 10, wherein the biocide is present in an
amount of 0.001 wi% to 8 wt%, based on the total weight of the concentrate.

13.  The concentrate according to claim 1, further comprising an additive selected
from the group consisting of cationic surfactants, anionic surfactants, nonionic

25  surfactants, poly-electrolytes, amphoteric surfactants, benzotriazole, triazole,
benzimidazole, hydrogen peroxide, glycerol, and compounds and mixtures thereof.

14.  The concentrate according to claim 1, wherein the concentrate is diluted to form

a point-of-use slurry,

30 wherein said dilution ratio is from 0 — 60x, and
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the substrate conprising nmultiple | ayers, wherein at |east one of
said layers is silicon carbide and at | east one of said |layers is a
silica material, said nethod conprising the step of polishing all of
said layers with the slurry. 25 20. The nethod of claim 18, wherein
the pH of the slurry is between 2.2 and 2.9.

10

15

20

25

wherein said abrasive is present in an amount of 0.5 wt% to 30 wt%, based on

the total weight of the slurry.

15.  The concentrate according to claim 14, wherein a pH of the point-of-use slurry is
between 2.2 and 3.5.

16. The slurry of claim 1, wherein the slurry consists essentially of said abrasive, said

acid, said stabilizer, said water, and optionally, a biocide.

17. A method of polishing a transistor with a slurry,

the slurry comprising an abrasive, an acid, a stabilizer, and water,

the transistor comprising a polysilicon gate, a hardmask over said polysilicon
gate, an etch stop layer over said hardmask, and a dielectric layer over said etch stop
layer,

said method comprising the step of polishing said dielectric layer, said etch stop

layer, said hardmask, and said polysilicon gate with said slurry.
18. The method of claim 17, wherein the pH of the slurry is between 2.2 and 2.9.
19. A method of polishing a multi-layer substrate with a slurry,

the slurry comprising an abrasive, an acid, a stabilizer, and water,

the substrate comprising multiple layers, wherein at least one of said layers is
silicon carbide and at least one of said layers is a silica material,

said method comprising the step of polishing all of said layers with the slurry.

20. The method of claim 18, wherein the pH of the slurry is between 2.2 and 2.9.
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