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sol utions for suspensions which can be used for
chenonechani cal pol i shing The present invention relates to buffer
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semiconductor  properties. To build up such a
semiconductor structure, it is absolutely necessary for
the wafer used to have an absolutely flat surface. It

20 is therefore frequently necessary to polish the surface

or part of the surface of a wafer.

Further developments in semiconductor technology have
led to ever 1larger degrees of integration and
25 continuing miniaturization, combined with <c¢ircuits
which are becoming ever narrower, as a result of which
ever higher demands are made of the manufacturing
methods. For example, in the case of such semiconductor
elements, it is necessary to form thin conductive lines
30 or similar structures on previously formed structures.
The fact that the surface of the previously formed
structures is frequently irregular presents problems.
In order to be able to achieve a satisfactory result in
the subsequent photolithographic treatment, it is
35 therefore necessary to make the surface planar.
For this reason, the methods and agents by means of
which the surface is made planar, as is repeatedly
necessary, are a central subject in semiconductor

production. In technical language, this process is



necessary, are a central subject in sem conductor production. In
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To achieve consistent results, constant chemical

properties of the suspensions, known as slurries, used
for polishing are of great importance. These are
20 usually dilute suspensions which are brought from the
reservoirs to the point at which polishing takes place
via lines which are as short as possible, if desired
with mixing. The requirement for constant properties of
these slurries applies in particular to the content of
25 solids, which normally consist of silicate or aluminium
oxide particles, the size distribution of the solid
particles, the pH and also other ions present therein;
solid particles and pH appear to have a particular
influence on the polishing result, even if the content
30 of ions, e.g. set free from the storage containers,
supply systems or by decomposition processes within the
slurries themselves, would likewise not seem
negligible. Furthermore, undesired agglomerate,
aggregate or gel formation in the slurries can occur
35 and can have an adverse effect both on their handling
and on the polishing result.

The polishing suspensions can be either basic or acid
suspensions. Basic slurries have different problems in



35 and can have an adverse effect both on their handling and on the

pelishing result. The polishing suspensions can be either basic or
acid suspensions. Basic slurries have different problens in
- 3- use dependi ng on which base has Been used for adjusting t he pH.
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case of OWP st@FenSESnendy WRh hbhnohg «of the insulating layer. The

subsequent chemomechanical polishing step employs a

suspension which consists of a solid such as Al:0;, an
oxidizing agent such as hydrogen peroxide and water.

20 The CMP suspensions disclosed in US-A-5 209 816 also
have sgimilar compositions comprising phosphoric  acid,
hydrogen peroxide, water and solid particles, while US-
A-5 157 876 and US-A-5 .137 544 disclose compositions
comprising water, colloidal silicate and sodium

25 hypochloride [sicl. US-A-4 956 313 describes slurries
comprising aluminium oxide particles, deionized water
and an oxidizing agent.

In contrast to formulations whose pH has been adjusted
30 using KOH, the problem of contamination by foreign ions

is less in the case of CMP suspensions to which ammonia

solution has been added for this purpose, but they are

more likely to display gel formation and the pH is more

likely to change. In addition, the odour plays a
35 particular role here.

Although such formulations have been used for some time
both for making wafers planar and for polishing metal
coatings, films and conductive contacts, the results



sol ution has been added for this purpose, but they are nore likely to
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The object of the invention is achieved by nmeans of buffer systens
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layers can be made absolutely flat without undesired

15 contamination and surface defects.

The object of the invention is achieved by means of
buffer systems comprising 3 - 25% by weight of silica
in a 0.5 - 10 molar aqueous solution of a strong base

20 selected from the group consisting of TMAH, KOH or
NaOH. They are effective in the pH range from 9.5 to
13.

The object of the invention is also achieved by a
25 process for preparing the buffer system mentioned,
characterized in that a 3 - 25% aqueous silica solution
or 8iO, suspension 1is treated while mixing well, if
desired with warming, with such an amount of an aqueous
solution of a strong base selected from the group
30 consisting of TMAH, KOH or NaOH that the buffer
solution effective in the pH range £from 8.5 to 13

comprises from 0.5 to 10 mol/l of the strong base.

According to the invention, if desired, the water is
35 removed from the buffer solution obtained, giving the
salt of the buffer system. This can be achieved by
removing the water by evaporation under reduced
pressure or by crystallizing out the salt of the buffer
by subsequent cooling and separating off the resulting



or Si2 suspension is treated while mxing well, if desired with

warmng, with such an anmount of an aqueous solution of a strong base
selected fromthe group 30 consisting of TMAH KOH or NaOH that the
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Basic slupriesmd, if desired, further additives.

It has now been found that the stability of alkaline
suspensions for chemomechanical polishing can be
increased by buffering in the pH range from 9.5 to 13.
20 This is important, since the pH changes the ion layers
on the wafer surface and therefore influences the rate
of material removal during polishing. Basic slurries
also have higher rates of material removal. This can be
attributed to the fact that when making Si and other
25 metal surfaces, e.g. Al, Ti, W or Cu, planar, the metal
has to be dissolved by an oxidizing process. The
removal of silicon in alkaline solution is an OH -
consuming reaction which has the highest reaction rate
at high pH values. To allow the removal of material to
30 proceed for as long as ©possible under optimum
conditions during chemomechanical polishing, the pH
should be kept as constant as possible at a high level.
The buffering by K,CO; which is usually used in this pH
range has been found to be 1less suitable when the
35 suspensions are used according to the invention, since
buffering at a pH of 10.33 can be achieved thereby. If
values above this are set, the pH quickly drops back to
10.33.



al so have higher rates of material renoval. This can be attributed to
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system expepaebielesa consi derabl e change in the pH at the mxing
boundary. 5 In the case of an Si(Jerr] suspension, this leads to a
reaction and an associ ated change in the particle size di stribution of
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effective in b%@fﬁFiﬁgluFaﬁge of 11 - 13 and are based on phosphate and )

borat e I ons have proved to be unsuitable, silica-containing systens
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[sic] ions have proved to be unsuitable, silica-containing
systems have been found to be ideal. Such suspensions
have particularly advantageous properties if the
buffering is carried out by means of a TMAH-containing

20 silica buffer .(TMAH = tetramethyleneammonium [sic]
hydroxide) and silicate particles are used as polishing
medium. Such formulations make it possible, in
particular, to avoid undesired contamination by foreign
ions since no further metal ions are present in the CMP

25 suspension.

Improved stabilities and polishing properties are
displayed by CMP suspensions containing from about 5 to
15% by weight of silicate particles as polishing medium

30 if the pH is set and buffered using buffer solutions in
which from about 3 to 25% by weight of silica are
present in a 0.5 - 10 molar solution of a strong base
selected from the group consisting of TMAH, NaOH and
KOH. Suspensions comprising from 5 to 30% by weight of

35 silicate particles are particularly suitable. Buffer
solutions comprising from about 5 to 12% by weight of
silica in a 5.0 - 7.5 molar TMAH solution are very
particularly suitable for setting the pPH.
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oxidizing agent is wusually selected to be such that
rapid oxidation is ensured but at the same time the
20 mwechanical removal of the oxides is also ensured, i.e.
that the oxidation is in equilibrium with the
mechanical polishing. The concentration of the
oxidizing agent is usually from 0.5 to 15% by weight,
based on the total suspension, preferably from 1 to 7%
25 Dby weight.

For stabilization and to improve the polishing result,
the CMP suspensions according to the invention can also
comprise further additives such as agents to prevent
30 sedimentation or flocculation of the particles or
decomposition of the oxidizing agent and a series of
additives such as surfactants, complexing agents,
polymeric stabilizers or surface-active dispersants, as
already mentioned above. Corresponding suitable
35 additives such as aluminium salts, carboxylic acids,
alcohols, EDTA, citrates, sodium salts, potassium
salts, ammonium salts, quaternary ammonium salts,
phosphonium salts, are generally known to a person
skilled in the art from the literature. If necessary,
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added and t he2pfergf ¥mé fhsemdi opfi sthet suspersion is set to the

desired value in the range from 9.5 to 13 by addition
oX an appropriate amount of a silica/TMAH buffer, as
described above.

In the above description and the following examples,
percentages of the added components of the formulations
of the invention add up to 100%.

25 The examples below serve to illustrate the present
invention. However, owing to the general validity of
the teachings of the invention, they do not restrict
the invention to the subject-matter of these examples.

30 Examples

Example 1

a) A 10% silicon oxide suspension is prepared. 50 g
35 of this suspension are admixed while stirring
intensively with 5 ml of a 20% K;CO; solution and
1.1 ml of a 10% KOH solution. In this way, the pH
is set to 12.0.



desired value in the range from9.5 to 13 by addition of an appropriate
amobunt of a silica/ TMAH buffer, as descri bed above. 20 In the above
description and the foll ow ng exanpl es, percent ages of the added
copponents of the formul ations of the9invention add up to 100% 25

The exanples bel ape SQué!ﬁenéPon' |t|Hif§ réb@alheﬁ PfLSeRtrated r\n\/ﬁfﬁ' qn.
However, owing to the n&yﬂr %|I t he teachi ngs of

i nvention, they dol%t™ Or%orlé‘qlrﬁrent ion to the subject-matter of
t hese exarrpl es. 30 Exanples Example 1 a) A 10%silicon

oxi de suspensi@n i aped. .50 0. of, this sus on_ are
admi xed  whi | (Ig’g Stlil’ P‘I::(%) £1c0f O%th%%hs?lﬂl/%ﬁ’?%?rh 5SpiP A)af %°0 9
Klerr]CJ err] sol ucifon tb}n@ suspensibnl wmireof admi@¥dKOWhgdlkeut scmrrhngt hi s
way, the pH

y p intkefsi®el yf)lus lgt 1 nedl < tIat raltlffer M1, (5.5% by

-9- The suspensi on ed wt
nor mal hydrochl ori ¥edghg of silpga, Asfo%}élWﬁt@htomfdé‘l‘ﬁuﬁpenkmonhus

prepared. 50 g 5 way, tBe pHhiig sEMSRRNSINMH. are admixed while stirring
intensively with 15 m of a buffer TML (5.5% by wei ght of silica,

8% by weight of TMAH). In this way, the pHis set to 12.0. 10
The suspersi on t huShebtsaigpethgion | Kiews Sebthtihadeds likewise titrated

for comparison with 1 normal hydrochloric acid.

The results of this titration are shown in Fig. 1.

The titration curves shown therein make clear the
15 different behaviour of the suspensions a) and b)

towards hydrochloric acid, i.e. buffering of a 10%

silicon oxide suspension at pH 12 using a buffer

T™M1 (5.5% by weight of silica, 8% by weight of

TMAH) compared with buffering using a X,CO3;/KOH
20 buffer,

Example 2

a) A 10% silicon oxide suspension is prepared. 50 g
25 of this suspension are admixed while stirring
intensively with 5 ml of a 20% K,CO; solution and
1.1 ml of a 10% KOH solution. In this way, the pH
is set to 12.0.

30 The suspension thus obtained is titrated with 1
normal hydrochloric acid.

b) A 10% silicon oxide suspension is prepared. 50 g
of this suspension are admixed while stirring
35 intensively with 4 ml of a buffer TM3 (10% by
weight of silica, 14% by weight of TMAH). In this
way, the pH is set to 12.0.



for conparison with 1 normal hydrochloric acid. The results of

thi's titration are showmn in Fig. 1. The titration curves shown
therein nake clear the 15 di fferent behavi our of the suspensions a)
and b) t owards hydrochloric aci @90 i-.e. buffering of a 10%

silicon oxide suspams cgu@;sermidrz tBLAY obtRYMER is likewidM G 2%eRY
wei ght of silica, &0 conpared wth bufferlng

Yo b of TMVAH)
using a Klerr]cd e %ﬁqpf%lson wiftly dgmormal ‘hydraehlonic acidg) A 10%
silicon oxide suspenS|on is prepared. 50 g 25 of this suspension
are adm xed whil i vel 5 m_of.a 20%
K[err]CJ err] sol utq'l on asrg]ﬂ%% of thigs tl‘rr#]? B o\ FI@P%I 4t tgﬁg ‘this
way, the pH Thej &idetatiieon 2c@rves 3ghown thﬁxe:susmkesmheahushe
obtained is titratedsfWetBnt beh H0 d c A
10% sil i con oxi de suspensi on |es af)‘?é%%r engStgty §8§1§£H£5_8n$ aﬁ saré(tijs n5| on
are adm xed while Ardsg hysirochloxig é%lldwell/ &V thulfexing af baf 11@?6 TV

(10% by weighiconf @tide asudfénbyoneiadhtpdf 17Mdindg Nyt Bh?.fer
way, the pHis set

1
The suspensi on thughgbtgjr&%dbtys Yok s o i fihied, 14% by f"(ﬁ‘lgﬁﬁmﬁr‘fl son
with 1 ndrGral hydr BMAHOr i compated with buffEeresubtingofat hkgd,ivkoation
are shown in Fig. 2,rrRy. The titration curves shown therein make cl ear
t he



di fferent behavi our of the suspensions a) and b) t owar ds
hydrochloric acid, i.e. buffering of a 10% silicon oxide
suspension at pH 12 using a buffer TM3 (10% by wei ght of silica,
14% by wei ght Wef 98447976  TMAH) conpared with bufferi nBCT4ER§8402209
Klerr]C err]/ KOH buffer. - 11 - WD 98/47976

PCT/ EP98/ 02209 CLAIMSCLAI M5 1. Buffer system
conprising 3 - 25% by wei ght of silicaina 0.5 - 10 nol ar aqueous
solution of a 5 strong base selected fromthe group consisting of

TNVAH, KO—l_ or RNaCH. Buffe_r ZsysBal_‘nf &OWM@CC&)I’di ng5%o IGr ammight of
characterized —  gi1icah fial lsCOTD] SGS12rSaeBLat MMM Syshem 10
3. Process for preparing a bufféer systemaccording to T daim1l or
accordi ng X o d ai n8t¥ronsd base selectedhframt &hiezrqup terrshsBing 28

aqueous silica TMAH, KOHUGONaos.treated while mxing well, if desired
15 wth warm ng, with such an anmount of an aqueous sol ution
of a strong base selected fromthe group consi sting of TMAH, KOH

or NaCH that the bauffer system s6tstdofigetbedliaien iD, t BRaphlctargeetir om
35 0 ccor AROTHAESSE WAt g I 9 el e dgge 20
wat er i s ¥@®noved fromthe buffer solution obt ai ned, giving the
I S  CRFL it LN ey
reduced pressure. Claim or according to Claims 1 and 2,
characterized in that a 3 - 25% aqueous silica
solution is treated while mixing well, if desired
15 with warming, with such an amount of an aqueous
solution of a strong base selected from the group
consisting of TMAH, KOH or NaOH that the buffer
solution effective in the pH range from 9.5 to 13

comprises from 0.5 to 10 mol/l of the strong base.

4. Process according to Claim 3, characterized in
that the water is removed from the buffer solution
obtained, giving the salt of the buffer system.

25 5, Process according to Claims 3-4, characterized in
that the water is removed by evaporation under
reduced pressure.

6. Process according to Claim 3, characterized in

30 that the salt of the buffer is crystallized out by

subsequent cooling and the resulting crystals are
separated off.

7. Use of a buffer system according to Claim 1 or
35 according to Claims 1 and 2 for preparing alkaline
suspensions for chemomechanical polishing having a

pH of from 2.5 to 13.

A



6. Process according to Caim 3, characterized in 30 that the

satt of the buffer is crystallized out by subsequent cool i ng and
the resulting crystals are separated off. 7. Use of a
buffer systemaccording to Claim1 or 8512 - according to Clains 1 and 2

for preparinggal kaisae of a buffékspg?ﬁi:@ms ddoxdipneehagi£ah pol éshi ng
havi ng a H_of 311 1kali

12 - 8. Use o C%"Bﬁﬁ‘% Sy 8&F‘§c&oraa‘idn& (TPTORFTRAT RS alkaline
according to d ai nsudpandidngobufifepadi ng al i iofe from 9.5 suspkEhsfons
buffered to a pH o 3 ot e iC P i ng of
silicon or other Séh&wﬂérrg{lgfl&gar%f %gg'.lShlng §th @gﬁo a bu fe?“é%gtem
according5t o O ai matat surfacesgccording to Clains 1 and 2 for preparing
al kal i ne suspensi ons for chenomechani cal polishing which 10

are buffered to __a pH_of from 9.5 to 13 and conprise, as
abrasi ves, mefal ogFﬂesoﬁ nat RMGEaM system agearding piet i €laimsd| e8¥ ed

fromthe group accor@@hgi §bi 00 a@tsSill iag@n 0xisie ;&f@bﬁiﬁ@ Ny 1i6a Dxhele,

and, if desired, oxhgﬁéhggongen%s anc ;Héégcﬂanlcal pgflshlng "which

10 are buffered to a pH of from 9.5 to 13 and
comprise, as abrasives, metal oxides in the form
of so0lid particles selected from the group
consisting of silicon oxide and aluminium oxide,
and, 1f desired, oxidizing agents and further

15 additives. .
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