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fabric and of the dianmeter of the silica
liquid or laser etching techniques, of etching the materials while very effectively

15 planarizing the initial reliefs.

The present invention relates to an improvement of the stages for planarizing the
silicon oxide used for the production of integrated circuits as regards lateral isolation
(STI: Shallow Trench Isolation) and as regards the isolation of interconnections (ILD,
Inter-Level Dielectrics).

20 The chemical mechanical polishing technique combines two effects which have
an influence on the attack of the nonconducting material, namely, a mechanical effect
and a chemical effect.

The mechanical effect results from the load force of the wafer of semiconductor
material on a polishing fabric, relative displacement speeds (for example of rotation) of

25 the wafer and the fabric, the characteristics of this fabric and of the diameter of the silica
particles in the abrasive.

The chemical effect results essentially from the surface chemistry of the colloidal
silica.

The two combined effects cause the molecules of the polished material to retreat

30 preferentially over the raised zones by inducing planarization of the material to be
polished.



par%icles I n the abrasive. The chem cal effect results
gssentially fromthe surface chem stry of the coll oi dal silica.

The two conbi ned effects cause the nol ecul es of the polished material to
retreat 30 preferentially over the raised zones by inducing planarization
of the material to be pol i shed.
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col | oi dgharfimédtsm, sol ution used was (see in particular R Jal rath et al.,
Nht Res. 15 Soc. Synp. Proc. vol 337,1994, p. 121-31, . Pietsch et
10sur f ace Isdhe litesmta®] it fedescribed mag.mmgﬁhedaemml mﬁmh@medjaolahm of a puni ¢
Oonf er encenc%%d&c ing fna% ?bé%edg’g’nl si lcoh &nvatlves in particular based on silicon
dioxide, the rate of attack of the nonconducting material using pyrogenic silicas was
higher the larger the diameter of the particles of pyrogenic silica was and the higher the
pH of the colloidal silica solution used was (see in particular R. Jairath et al., Mat; Res.

15 Soc. Symp. Proc. vol 337, 1994, p. 121-31, G. J. Pietsch et al., Surface Science 331-333
(1995) p.395-401, M. Borda et al., Dumic Conference 21-22, 2, 1995, p. 331-337, D.
DeViieger et al., Conference Proceedings ULSI-X, 1995, Materials Research Society, p.
201-205, W.J. Patrick et al., J. Electrochem. Soc., vol. 138, No. 8, June 1991, p. 1778-
1784, R. Kolenkow et al., Solid State Technology, June 1992, p.112-114, Beyer, Klaus

20 Dietrich EP 224646, Sears George Wallace Jr, US 3,922,393, Doan Trung T. US
5,169,491, Koto ltsuki JP 07316846).

The most commonly used pHs are situated between @ and 12.5. On the other
hand at acid pH the rates of attack are particularly low, see in particular Figure 1 of the
article by G.J. Pietsch et al, Surface Science 331-333 {1995) p.396.

25 The use of such aqueous suspensions in a highly basic medium presents a
certain number of drawbacks. Firstly, due to the wide distribution in the length of the
aggregates, there is a tendency to sedimentation of the latter over time, a drawback
which can only be minimized by constant agitation of the suspension. Moreover, the use
of highly basic aqueous suspensions always presents drawbacks as regards the

30 environment and working conditions.

The main aim of the Applicant is therefore an improvement in the planarization of
silicon dioxide layers in the isolation processes which may be encountered in the
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retaining a good rate of attack of the isolating material as well as excellent qualities of
uniformity of attack of the polishing.
This is why a subject of the present invention is the use of an abrasive which
includes an acid aqueous suspension of colloidal silica containing individualized

16 colividal silica particles, not linked together by siloxane bonds, and water as the
suspension medium for the chemical mechanical polishing of layers based on silicon or
silicon derivatives, more particularly the chemical mechanical polishing of layers of
silicon dioxide, as well as a process for the chemical mechanical polishing of a layer of
isolating material based on silicon or a silicon derivative, in which an abrasion of the

20 layer of isolating rﬁateriai is carried out by rubbing said layer using a fabric which
includes an abrasive, characterized in that the abrasive contains an acid aqueous
suspension of colloidal silica containing individualized particles of colloidal silica, not
linked together by siloxane bonds, and water as the suspension medium and preferably
is essentially constituted by such an acid aqueous suspension.

25 These aqueous suspensions of colloidal silica contain or are constituted by
individualized fine silica particles, not linked together by siloxane bonds, in suspension
in water and are preferably substantially free from particle aggregates. For the chemical
mechanical polishing of layers of material according to the invention, the agueous
suspensions of colloidal silica are used in acid medium and preferably have individual

30 particle diameters comprised between 3 and 250 nm, in particular between 3 and 150
nm, particularly between 10 and 50 nm.



In order to realise all these inprovenents in the chem cal nechani cal

pol i shing w t h basi c aqueous suspensions of colloidal silica, it was
noted in a surprising and unexpecj ed fashi on that suspensions of
colloidal silica, containing or constituted by i ndi vi dual i zed fine

particles of silica not |inked together by siloxane bonds and used in 10
acid nedi um woul d all ow nuch inproved planarization effects to be obtained
whi |l e retaining a good rate of attack of the isolating material as
wel | as excel Sech amuebus isaspensions of cofididal silicg cdn det abtaingd, teithepdronghi ng.

This is a subject of the present invention.i s the use, of, K an abrasive
whi ch mhn%ﬁéﬁ% iy Rardigyiar, %eel@mﬁr RQtRs5iR, 4 rom e@aﬂ sllizate) ndqth £ases,
cont ai ni LR . : i . :

F oget nor Uit feabeRiBuh 169 pbrson Sdleiih 43 ait pht rd Peltichlaty deSabodd SR, |
t he chenileralinntitheaChenlistiyolof Silicat, chaptey &, spagese83brtosB43,c Bublisher Wiley

silicon derivatives, nore particularly the chem ca chani cal pql.ishing of
| ayer® olnterscienca;i 19780 BaugaUS ISRRNSIONS; 02 "EHHSEJ@% srrs"a'fc@r c?’ﬁg’% f@?ﬁ“ﬂﬁg
mechani c .Shi . 0 : ' [ ; ' gggfsd

silicon gé”%%ﬁ?@’?‘%@%ﬁ??%@éﬁ bﬁt {;\%eghfo;%{h%t rbggsl"ggé rg% ty?ﬁe ! I“g@e? of

I sol at i ndiafRitétid riséd patwdet B and 280 nimubbi ng said | ayer using a fabric

whi ch incluégs an abrasive, characterjized in that the abrasive

contains an aBi pringipalcadvantage of thg davantinnois el napravement in: the sheriealng

i ndi vi dugl i ' s af, | gidal.silica. e L et her by
sil oxane%gﬁ%g?ﬁ%fSMer&égﬁ%e&s@@%&gi %&ﬁ%% %snglhsér’%f era % %9 éé}& S
essefy i ahhuedtRBEpENIGT dhcofioiad siitaaci d aqueous suspension. 25

These aqueous suspensions of colloidal silica contain or are constituted by
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of patterns. The rate of attack is expressed in A/min.

b) planarization tests, in particular the degree of planarization (DP) characterizing
the variation in the height of step between the initial refief (before polishing) and the final
relief {after polishing), measured on the wafers/slices containing isolated pattemns of an

20 initial height of 7000 A. It is expressed as a percentage and is defined by the following
formula:

DP =100 x Hi - Hf
Hi
25 with Hi = initial height of step
Hf = final height of step
A total planarization gives a total degree of planarization of 100%. A nil
planarization giwes a degree of planarization of 0%.
Figures 1, 2 and 3 illustrate the definition of the degree of planarization.
30 The degree of planarization is 0% in Figure 1, 50% in Figure 2 and 100% in Figure 3.
For all the planarization tests, the thickness removed in the low parts
(outside the pattern) were adjusted to 3500 A.



4 ° Such aqueous suspensions of colloidal silica can be

obt ai ned, either from al kaline silicates, in particular, sodium or
potassium orfromethyl silicate. In bgh cases, usi ng means known to
a person skilled in the art and nore particularly described by KK

ller, in "The Chem stry of Silica", chapter 9, pages 331 to 343, Publisher
Wley 5 I nterscience 1979, acid aqueous suspensions of colloidal silica
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rate of attack i&X&VErRASHIEkNESHIEHQYE b) planarization tests,
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linked together by siloxane bonds.

Under the preferred conditions for implementing the process according to the

invention, to acid aqueous suspensions of colloidal silica are used having a pH
15 comprised between 1 and 6, in particuiar between 1.5 and 4, particularly between 2 and
3.

Under other preferred conditions for implementing the process according to the
invention, the diameters of the elementary particles of the colloidal silica suspensions
are comprised between 3 and 250 nm, in particular between 3 and 150 nm, particularly

20 between 10 and 50 nm.

In order to obtain the best polishing efficiency in particular for the two main
retained tests: rate of aftack of silicon dioxide layers and quality of planarization of
treated layers, under yet other preferred conditions of implementation, the concentration
by weight of the polishing product, i.e. silica, is from 5 to 50%, preferentially from 15 to

25 30%.

The layer of isolating material is preferably based on silicon dioxide, silicon
nitride, polysilicon or amorphous silicon and more particularly based on silicon dioxide.

Another advantage of the invention is that the acid aqueous suspensions of
colloidal silica, constituted by individualized particles, not linked together by siloxane

30 bonds and having practically monodispersed particle diameters, have a very good
stability over time which results in a lack of sedimentation as time passes.



Hf = final hei ght of step A total planarization gives a
total degree of planarization of 100% A nil pl anari zation gives a
degree of planarization of 0% 6 Figures 1, 2 and 3
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For all the planarization tests, the thickness renoved in the | ow parts

(outside the pattern) were adjusted to 3500 A ) ‘CL
tests of the unifoFinaly, afsubjectiokthefpresent giotardion igyan Hisrasivecfor dhe gbemica

variatio . tn thi.ckness of the.oxi.de on,the ,sa wafer, It is. ..
cal cul at B PBirelPolENBseT: & @ron A iDlanG Eipterl (RRN ST sleo & Susiin
bef ore angbrivbtvy cdttbin 'élfabﬁeqﬂgfagaaté@vimn fa@ld 43ebls suspensid¥ SllohtoidaP
U = Max thickness - Mn thickness “x 100 2 X Average

t hi cknes ssilicagroortdining individualized patictes! natdinket dogathercby siaxane dbanids, withea t he
uniformty of attack is satisfact 10 Thi s. advant agegus

pol i sRi nd}fﬁpﬁ@éggmpgs%gp?q”éﬁn éﬁn‘f él%c}l Ranergeters. &f HE'LF&WJ%”SS%GM gg‘rﬁr?q)ns
of parti ol . e Ay R y . |
o ) TheSpaiiie, ich e GRE Rty Bieror dedsscibEd ety KIS

pr ef er r ecbpenatihgtcondition®of theypresesst i ng t he process according to the

e O O e g b el e hoantPh 1 be Bobbr hdarsosd ™! "'
EXAMPLE 1: Example of polishing with abrasives based on acid aqueous suspensions
10  of colloidal silica according to the invention -
A deposit of silicon dioxide of approximately 1um is produced on each
studied wafer which is then measured before polishing.

The wafer is then polished according to the following standard process:

- load force: 0.5 daN/em®
15 - plate speed: 25 revs/min

- carrier speed 22 revs/min

- temperature: 20°C

- abrasive throughput: 80 cm’/min

- fabric: IC 1000 on Suba 4 from RODEL
20 PRODUCTS

The results indicated in each example are obtained from a full silicon
dioxide wafer for the rates of attack and for the percentage uniformity of attack and a
structured wafer for the determination of the degree of planarization.
With a colloidal silica the characteristics of which are as follows:
25 - average diameter of the elementary
particles of colloidal silica 12 nm
- pH of agqueous suspension 22
- concenfration by weight of colloidal silica 20%
the following are obtained:
30 - degree of planarization of 78%
- rate of attack of SiO, of 1050 A/min
- percentage uniformity of attack of 3%.



15 ° conprised between 1 and 6, in particular between 1.5 and 4,
pafticularly between 2 and 3. Under other preferred
conditions for inplenmenting the process-according to the i nventi on,
the dianeters of the elenentary particlés of the colloidal silica

suspensi ons are conprised between 3 and 250 nm in particul ar between
3 and 150 nm particularly 20 between 10 and 50 nm
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conditions of inplenentation, the concentration by wei ght of the
pol i shi ng pr odugverage diangter ottheielementans to 50% preferentially from 15 to
25 30% . The, |l ayer of isolating material i referably based
on silicon di ox‘?%?'%i‘#?%@’r‘pal stfica nitride, polysilicon oﬁafﬁﬁrphous silicon
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t oget her by sil oxane 30 bonds and havi ng practically nonodi spersed
particle di ametherfellowiagareobiaingdyood stability over time which

results in a l ' i ti me passes.
6 %éb@LO?SEb?ﬁg%t%,&%%bj ect of the present invention is an
abrasive for thetsbeatdoklof SiO, of 1880WMiRal pol i shing of a |ayer of

i solating material based on silicon or a silicon derivative
contWl ni ng a f-eapercentage uafomitycofiatiank ah288%.d aqueous suspensi on of
col | oi dal silica, containing individualized particles not |inked

t oget her by sil oxane bonds, with a 5 dianeter conprised between 3 and

250 nanopRb&inentof: GicaHEdh S@hgie b B6iishingwit'dbrasives based on basic aqueous
suspensions of colloidal silica.
The polishing process is carried out under the above conditions but the
16  concentration by weight of silica was adjusted to 12-13%.
With a commercial pyrogenic colicidal silica for this application the
characteristics of which are as follows:
- average diameter of elementary particles 10 nm
- average diameter of aggregate particles 150 nm
20 : - pH of aqueous suspension 10.3
- concentration by weight of active product  12%
the following are obtaiﬁed:
- degree of planarization of 42%
- rate of attack of SiO, of 1100 A/min
25 - percentage uniformity of attack of 8.5%.
With a commercial pyrogenic colloidal silica for this application the
characteristics of which are as follows: -
- average diameter of elementary particles 25 nm
- average diameter of aggregate particles 200 nm
30 - pH of aqueous suspension 10.2
- concentration by weight of active product 13%
the following are obtained:



4. The suspensions which are quite particularly preferred are descri bed
betow in the operating conditions of the process.

The follow ng exanples allow the inventigon to be better understood.
EXAMPLE 1: Exanpl e of polishing with abrasives based on acid aqueous
suspensions 10 of coll.oidal silica according to the invention -

A deposit of silicon dioxide of approximtely 1l[err]mis produced on each
studi ed wafer which is then nmeasured before polishing.

The wafer is then pSPOMeLS Planasizalionefi®®% he ol | owi ng standard process:

- load force: _ e : - plate speed:

25 revs/mn rate%fgttgmééﬁﬁded?l\/%réed 22 revs/mn

- tenperature: - peroddfage uniformity of attack of 11.5%abr asi ve t hr oughput : 80
cnferr]/mn . - fabric: | C 1000 on Suba 4 from
RODEL 20 Therefore, it is noted that, on the one hand, contyarptarwhat is indicated in
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2.2 fashion, the acid aqueousOsiEPBRSIGAS BN cAlloid isilieth (RbdGedl plahgdtatioh! dffeats 20%
the followi ng are obtained: 30 - degree of planarization of
78% 10 very considerably superiaretaftheset ablaingd withe basic 1aqeousnsuspensions of
- i | 0
per Centp?fﬂ:ege%% é&[orll&gl ysil%]; gr% ﬁxcalf ig fa \:;’e/Py surprising fashion it is the acid aqueous
suspensions based on small particles which produce the best results of all the products
tested.
Finally, a very good uniformity of attack of the acid aqueous suspensions
15  of colloidat silica according to the invention can be revealed relative to basic aqueous

suspensions of pyrogenic colloidal silica.



7 Under the sane conditions using a colloidal silica the
characteristics of which are as follows: - average

di anmeter of the elenentary parti C'W i ca

25 nm 5 - pH of aqueous susp@nsion 2

- concentration by weight of colloidal silica 2096 eut 1l ‘“\m‘\u he

foll ow ng are obtai ned: - degree of a‘m‘“‘\m " 52%
* [

- rate of attack of SiJerr] of 1850 A/ mn 10 . dercent age

uni form tOLA Sattack of 2.5% Expriment 1: Conparison exanpl e of
polishin ' abr asi ves based on basi c aqueous suspensi ons of
col l oi dal silica. The polishing process is carried out under

the above conditions but the 15 concentration by weight of silica was
adj usted to 12-139%. Chemical mechanigglipolishing presass for @ Jayeq ehiselatiog mateeel
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2. Process according to claim 1, characterized in that the acid aqueous

10 suspension of colloidal silica has a pH comprised between 1 and 6.

3. Process according to claim 2, characterized in that the acid aqueous
suspension of colloidal silica has a pH comprised between 2 and 3.

4. Process according to claims 1 to 3, characterized in that the acid
aqueous suspension of colloidal silica contains individualized particles not linked

15  together by siloxane bonds, with a diameter comprised between 3 and 250 nanometers.

5. Process according to claim 4, characterized in that the acid aqueous
suspension of colloidal silica contains individualized particles not linked together by
siloxane bonds, with a diameter comprised between 10 and 50 nanometers.

6. Process according to claims 1 to 5, characterized in that the acid

20 aqueous suspension of colloidal silica is used at a concentration by weight of silica
comprised between 5 and 50%.

7. Process according to claim 6, characterized in that the acid aqueous
suspension of colloidal silica is used at a concentration by weight of silica comprised
between 15 and 30%.

25 8. Process according to one of claims 1 to 7, characterized in that the layer
of isolafing material based on silicon or silicon derivatives is based on silicon dioxide,
silicon nitride, polysilicon or amorphous silicon.

9. Process according to claim 8, characterized in that the layer of isolating
material is based on silicon dioxide.

30 10. An abrasive for the chemical mechanical polishing of a layer of
isolating material based on silicon or a silicon derivative comprising a fabric impregnated
with an acid aqueous suspension of colloidal silica, comprising individualized particles



characteristics of which are as foll ows: __- average diameter of

etenentary particles 25 nm - average di ane ate
particles 200 nm 30 - pH of agueous suspe “mhﬁinliimﬂ@jlﬁ 10. 2
- concentration by weight of active pridduct 13%

foll owi ng are obtai ned:

8 - degree of planarization of 56%

- rate of attack of SiC{err] of 1500 A/m n - percent age
f g tor ted
hat . oo ke iddditer By, st bonds, with & diameter compfS&d Befiieen 3 ant250 ©

| ter at ma‘mmyt&slwgtmg pHr@hﬁpﬂyedfbei\ﬁéén P6.antdat es of attack of the silicon
oxi de layer can be obtained with acid aqueous suspensions of

colloidal silica which are of the sane order of size as with the
basi ¢ aqueous suspensions of colloidal silica used previously.

On the other hand, it can also be seen that in an equally unexpected

fashi on, the acid aqueous suspensions of colloidal silica produce

pl anari zation effects 10 very considerably superior to those obtained

wi th basi c agueous suspensions of pyrogenic colloidal silica and that
in a very surprising fashion it is the acid agueous suspensi ons based
on small particles which produce the best results of all the products

t est ed. Finally, a very good uniformty of attack of the
aci d aqueous suspensions 15 of colloidal silica according to the invention
can be revealed relative to basic aqueous suspensi ons of pyrogenic
col l oidal silica.



9 ° : CLAI V5 1. Chem cal nechanical polishing

process for a layer of isolating materi al based on silicon or a
silicon derivative, in which an abrasion of the isolating nmateri al 5

| ayer is carried out by rubbing said |ayer using a fabric containing an

abr asi ve, characterized in that the abrasive contains an acid agueous
suspensi on of col | oi dal silica containing individualized coll oi dal
silica particles, not |linked together by siloxane bonds, and water as
t he suspensi on nedi um 2. Process according to claiml,
characterized in that the acid aqueous 197 suspension of colloidal silica
has a pH conprised between 1 and 6. 3. Process

according to claim?2, characterized in that the acid aqueous

suspensi on of colloidal silica has a pH conprised between 2 and 3.

4. Process according to clains 1 to 3, characterized in that the acid
aqueous suspension of colloidal silica contains individualized particles
not linked 15 together by siloxane bonds, with a dianeter conprised

bet ween 3 and 250 nanonegqgﬁ ’ cess according to
claim4, characterized i &Et%Fa'EIgEémgNTlﬁlguspensi on of
colloidal silica contains individualized particles not |inked together by
si | oxane bonds, with a dianeter conprised between 10 and 50 nanoneters.

6. Process according to clains 1 to 5, characterized in that the acid 20

aqueous suspension of colloidal silica is used at a concentration by weight
of silica New chemical mechanical polishing process for layers of isolating materials based on

silicon derivatives or silicon.

TEXT OF THE ABSTRACT

Process for the chemical mechanical polishing of a layer of isolating
material based on silicon or a silicon derivative, in which abrasion of the layer of
isolating material is carried out by rubbing said layer using a fabric which brings into
play an abrasive containing an acid aqueous solution of colloidal silica containing
individualized colloidal silica particles, not linked together by siloxane bonds, and
water as the suspension medium and new abrasives based on such suspensions.



conpri sed between 5 and 50% 7. Process according to
eclaim®6, characterized in that the acid aqueous suspensi on of
colloidal silica is used at a concentration by weight of silica conprised

bet ween 15 and 30% 25 ﬁ Process according to one of
claims 1 to 7, characterized in that the |ayer of isolating materi al
based on silicon or silicon derivatives is based on silicon dioxide,

silicon nitride, polysilicon or anDrphous S|I|con 9.
Process according to a5 A t the layer of isolating
material is based on : 10. An abrasive
for the chem cal nec I sol ati ng

mat eri al based on sSifE€: BRI SR ede LB w R SOV OF g a fabric

i mpr egnat ed Wi HEOHS S SHSHENST dal silica,
conpri sing indivi duafiz .gether by

si | oxane bonds, wi t h: nanonet ers,
with a pH conprised B

conpri sed bet weg
dand 4. =

Fig.1
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