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Aquecms dispersion, a proceas for the p::eparat:.on and the
uge thereof '

The invention relates to the preparation of agueous
dispersions containing silica produced by pyrogenic means,
& process for the preparation and the use of the
dispersions for polighing semi-conductor substrates.

Agqueous digpersions containing silica hav_,e a broad field of
application. The applicationg include, for example, the
coating of papar, the manufacture of qla.ss £ibres and
quartz glass, and the chemical -mechanlcal polishing of
semi -conductor substrates (CMP process).

Conventional dispersions are based‘,eithe'r an colloidal
gilica, silica sols, or silica produce&-.by pyrogenic means.

Colloidal silica is produced in the solutmn of sodium
silicate and yields dispersions with a very small particle
gize and very good dispersion stability. A disadvantage,
particularly when polishing semi- conductgr substrates, is
the amount of impurities introduced by the starting
material sodium silicate, and the adhesion of the particles
to polighaed surfaces.

Pyrogenic silica, on the other hand, produced by flame
oxidation or flame hydrolysis from silicon tetrachloride,
hydrogen and oxygen, exhibits a very high purity and a
primary particle size comparable with that of colloidzl
gilica. Said primary particles aggregate and agglomerate,
however, producing hard particlees. Dispersion of -the
aggregates and agglomerates proves to be difficult, the
dispersions are less stable and are susceptible to
sedimentation or gelling.

A possibility of increasing the stability of the dispersion
is described in US 5 116 535 and US 5 246 624. A particular
feature is the BET surface which should be no greater than
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75 m*/g, prefarably from 30 to 60 m 2/q. Eere, too, however,
as described in US 5 %04 153, only a sl:.ghtly bettar
stability can be expected. Sedimentation occurs after only
two months.

Us 5 904 159 describes an aqueous dispersion containing
silica produced by pyrogenic means which has improved
stability. This is achieved by a parti'cﬁlar form of
dispers:.on processe. The use of a h:.gh-pressure homogeniser
permits the preparation of aqueous s::.lica dispersions with
average particle diameters from 30..__mu to 100 nm which are
claimed to be stable for several months without
sedimentation occurring.

A similar form of dispersion process is also described in
ED-A-876 841. The average particle size of the claimed
metal oxides produced by pyrogenic meaﬁs’ 18 given here as
10 om to 2 pm and the sta.billty is glven 'in the examples as
at least 30 days. . . 6

Fd

This dispersion process is also claimed in WO 00717282 Al
for silica, cerium oxide and zirconium oxide, with particle
sizes from 30 nm to 500 nm. No indications &hout the
atability of the dispersion are given.

Despite this improved stability of the agqueous dispersions,
the reagglomeration behaviour of the dispersed silica
particles remains, limiting the stability of the dispersion

and leading to scratches when surfaces are polighed in the
CMP process.

The cocbject of the pfesent invention w'as,, th-e.ref;ore, to
provida an aqueous dispersion which contains silica
produced by pyrogenid means but which, compared with the
prior art, has a markedly reduced reagglomeration
behaviour, greater stability and which, during chemical-
mechaniecal polishing, vields high removal rates and leads
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to a surface which is very largely free from
niceroscratches.

The technical object is achieved by an aqueous dispersion
containing an alkali-doped pyrogenic silica prepared by
means of aerosol, characterised in that said silica, in the
dispersion, has an average particle diameter of the
secondary particles of less than 100 nm and the guotient
d./8, of the arithmetic mean of the number distribution d,
and the arithmetic mean of the surface d;.str:.but:.on g, of
the primary particles is at 1easg..0 7.

The terms primary and secondary particles originate from
the pyrogenic production of the alkali. dopad silica. In a
pyrogenic process for the product:.on ‘of doped and undoped
silica, the so-called primary part:.clea initially have a
size which is dependent on the reactz.on parameters selected
and which is appoximately from. 5 nm t.o 40 mm. The size of
said primary particles may be detérm:.ned, for example, by
PEM pictures. The primary particles are not, however,
present in the isolated form but mtergrow to aggregates,
or join together to foxrm agglomerates which are described
hereinafter as secondary particles.

The quotient dp/d. in the alkali-doped silicas of at least
0.7 deecribes a markedly narrower particle size
distribution than in an undoped silica produced by
pyrogenic means. The quotient du./d& in a silica produced by
pvrogenic means with a BET surface of 130 m /g (Aerosu
130, Dequssa AG) is 0. 53.

This dispersion has a greater stability than a comparable
dispersion prepared according to the prior art but without
alkali oxide doping. Greater stability of the doped
dispersion means that the time at which the dispersion
increases in viscosity, gels or gettles occurs later than
in dispersions with undoped silica.
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It also became apparent that the time for incorporating the
alkali-doped silica produced by pyrogenlc means is shorter
than without doping.

This result is surprising because aquecus dispersions
containing silica produced by pyr’od'enic meane may he
stabilised anyway, according to t.‘ne prior art, by the
addition of alkall or another has:.c substance. Potassium-
doped silica has a modified aqqrega.te or agglomerate
structure compared with undoped silica. The doping
substance is homogeneously incorporated, that is, the
alkali is situated both inside the particle and on the
surface. For this reason, a dispersion which contains
alkali-doped silica and alkali differs clearly from one
which contains undoped silica. and alkali. In the case of
alkali-doped silica, this dlfferant gtructure leads to more
rapid incorporation, a lower magglomeration tendency, and
hence to greater atability of t:he -agqueous dispersions.

In the case of silica producéé—_ by pyrogenic means and doped
by means of aerosaol, the doping' ‘component is fed into the
flame, of the kind used in the known way for the broduction
of pyrogenic oxides by flame hydrolysis,in the form of an
aerosol, for example, in the form ¢of an agueous solution of
alkali chlorides. This process is described in

DBE-A-196 50 500. The zerosgol is mixed homogeneously prior
te the reaction with tha gas mixXture of flame oxidation or
flame hydrolysis, silicon tetrachloride. bhydrogen and
oxygen. The aerosol-gas mixture is allowed to react in a
filame and the resulting doped silica produced by pyrogenic
means is separated from the gas stream in the known way.
The starting product of the aerosel is a salt solution or
suspension containing the component of the doping
substance. During the genesis of the pyrogenic oxide, tha
doping medium is in the flne-particle form in the gas
phase, so that homogeneous incorporation of the doping
component in the gilica produced by pyrogenic means is
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possible. Consequently, the a.ggreg"é;te or agglomerate
structure of the pyrogenic silica is aliso influenced.

The degree of doping may be varied widely in the silica
prepared by the above process, from 0.00001 wt.% to

20 wt.%. In the use for the pr:eparat:.on of an agueous
dispersion according to the presen’c 1nvention, the degree
of doping is preferably from 16 ppm to 10 wt.%.
particularly preferably in the. range from 300 ppm to

2 wt.%.

The BET surface of the alkal:. doped silica in a prefexred
embodiment of the invention is from 5 to 600 mn®/g. A range
from S0 to 400 /g is partn.cularly preferred, in which the’
dispersion exh;blts good- stab:.lity and the preparation of
the alkali-doped silica :LB techn:.ca.lly simple to carry out.

The solids content of the d;apersmn oontam:,nq alkall-

- doped silica depends prma.ﬂily on the iut.end.ed unse. In

order to save on traneport; costs. a dispersion with the
highest posaible solids content is desirable, whereas for
certain applications, such as, for example, for polishing
silicon wafera, dispersions with low solids contents are
used. The range from 0.1 wt.% to 70 wt.% is preferred
according to the invention, the range from 1 wt.% to 30
wt.% being particularly praeferred. In these ranges, the
alkali-doped dispersion shows good stability.

Due to the fact that the silica is doped with alkali, the
pH of the dispersion is higher than in an undoped one, from
ahout 5 to 8 depending on the degree of doping (pH of the
four percent dispersion). The dispersion may be used such
as it is, for example, for polishing. As in the case of
dispersions containing undoped silica, however, the
wviscogity in this case is markedly increaged in a pH range
from acid to slightly alksline. Acecording to a preferred
embodiment of the invention, the pH of the dispersion is
adjusted to a value from 8 to 12 by adding alkali
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hydroxides or amined, pot.ass:.um hydrox.lde and ammonia or
ammonium hydroxide being partmu’larly preferred. This leads
to a marked stabilisation of the dispersicn, and
condensation reactions of the silica are thereby avoided.

According to DE-A-196 50 500, all alkali metals are
suitable for doping silica pﬁ&duc_ed by flame oxidation or
flame hydrolysis. Doping with potassium is, however, _
particularly preferred. Whexi"__potassium salte are unsed as
the doping 'component., the structure alters decisively, that
is, the degree of intergrowth -and also the morphology (that
is, the appearance) of ‘the primary particles. In potassium-
dopad silica, this change in morphology starts at a
potassium conteat of more than 300 ppm.

Surprisingly, the pyrogenic' oxides doped in this way with
potassium exhibit spherical round primary perticles with
only very little :.ntergrowth in the electron micrograph,

" which also manifests’ 1ts(ia1.f in the fact that no end polnt

is detectable when the gtructure is determined by the
dibutyl phthalate method (DBRP method). The potasaium is
uniformly distributed in the doped pyrogenic oxides. This
cannot be seen on the electron micrographs.

Figure 1 shows an electron micrograph of a silica produced
by pyrogenic means wlthout doping (Aerosil 130, Degussa).

Flgure 2 shows an electron micrograph of a silica produced
hy pyrogem.c means and doped with 0.44 wt. % potassium, with
8 spacific surfuce (BET)of 131 g/m*.

L3

The invention alsc provides & process for the 'preparation
of the digpersion containing alkali-doped silica.
Digpersion methods suitable for thie purpose are those in
which a sufficlently high enargy input permita dispersion
of even very hard and highly aggregated materials. These
include systems operating on the rotor-stator principle,
for example, Ultra-Turrax machines or agitated ball mills.
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Higher emergy input is poseible with a planetary
keader/mixer. The effectiveness of this system is
associated, however, with a sufficiently high viscosity of
the treated mixture in order to introduce the requisite
high shear energies for breaking down the particles.

when doped oxide particles ‘are ground and dispersed, there
is a risk that the qopauﬁ?:will_hecome detached during
grinding and dispersion. If the dispersion is to be used in
the CMP process as a polis__hing agent, this leads to uneven
polishing results. '

It has now been found that ‘aquecus dispersions containing
alkali-doped s=ilica particles which are smaller than 100 nm
and in which the dopant does not become detached may be
ohtained with high-pzjé‘ssﬁre hoamogenisers, hereinafter also
called wet-jet-mill. '

In these devices, two g ra-dispersed stremms of suspension
under a praessure of uf to 3500 kg/om® are depressurised by
means of & nozzle. Both dispersion jets strike each other
exactly and the particles grind themselves. In another
embodiment, the pre-dlspersion is likewise placed under
high pressura, but the collision of the particles takes
place against armour-plated wall regions.

Said devices have been used hitherto omly for the
dispersion of undoped oxides such as zinc oxide, silica,
aluminium oxide {(UK-&-2 063 695, EP-A-876 841,

BP-A-773 270, WO 00/172 282 Al). The grinding and
dispersion of doped oxides with these devices has not been -
described hitherto.

The invention also provides the use of the aqueocus
dispersion of alkali-doped silica for planarising semi-
conductor subatrates or layers applied thereta, A
microscratch-free surface may be obtained with the
digpersion of alkali-doped silica with a high rate of
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polishing. Moreover, said -'d:.spersions are suitable for the
preparation of very finevpé'ffticle asurface coatings-in the
paper sector. or as a raw material in the cosmetics and
glass sector.

TN e,
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Examples

Methods of analysis

The particle size distribution G./& of the primary
particles in the solid was determined by counting the
particles fram the electron micrographs.

The average aeccnda.ry.i?particle size in the dispersion was -
determined with the Zetasigzer 3000 Hsa from Malvern.

The surface of the powders used was determined by the
method of S. Brunauer, P.H. Emmet and I. Teller, J. am.
Chemical Society, volume 60, page 309 (1938B) and is
generally known as the BET surface.

The viscosity of the dispers:.ons produced was determined

with a rotational rheomater from Physica Model MCR 300 and
the CC 27 cup. '.I‘her v1s¢os:.ty value was determined at a
ghear rate of 500 fl/sec. This shear rate lles in a range in
which the viacosity is practically independent ¢of the shear
stress.

The sediment formation was assessed by a visual assessment
in a 1000 ml wide-mcuth polyethylene bottle after a

standing time of one week. Any sediment present may readily
be detected by carefully tilting the bottlae,

The synthesis of the potassium-doped silica particles was
carried out in accordance with DE-A-186-50 500.

Preparation of potassium-doped si:l.i.ca_ (K contant 0.44 wt.%,
as K0}

4.44 kg/h of SiCly were evaporated at about 130 *C and
transferred to the cemtral tube of the hurner of known
desigu in accordence with DE 196 50 500 Al. In addition,
4.7 No®/h of hydrogen and 3.7 Nm*/h of primary air and
1.15 Nm*/h of oxygen were fed into this tube. This gas
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nixture f£lowed oub of ‘the inner burner jet and burned in
the burner space of the water-cooled flame tubea.

In order to prevent caking, an additional 0.5 Nm‘/h
of (secondary) hydrogen and 0.3 Nm'/h of nitrogen were fed
into the jacket jei_:_ surrounding the central jet.

About 10 Nm’/h of a.:.r were also drawn in from the
surroundmgs into“the flame tube which was under a preasure
sl:.ghtly below atmcspher:.c:. {(Open burner method.)

The seeond gas component, which was introduced into the ,
axial tube, consisted of an aercsol generated from a 12.55
percent agqueous potassium chloride solution. Two two-

‘Gomponent nozz-lesi-' yielding an atomisation capacity of

255 g/h of ég;égg'l acted ag the aercsol generator. This
aqueous salt aerosol was passed through externally heated
lines by neans ‘of 2 Nm’/h of carrier air and left the inner
nozzle at an qutlet temperature of about 180 2C., The
aerosol was introduced into the flame.

After flame hydrolysis, the reaction gases and the
resulting potassium-doped silica were drawn through a
cooling system in a known manner by applying & pressure
below atmospheric, and in so doing the particle/gas stream
was cooled to about 100 °C o 160 ®*C, Tha solids were
geparated from the waste gas stream in a filter or cyclone.

The potagsium-doped silica was obtained in the form of a
white, fine-particle powder. In a further step,
hydrochloric acid residues still adhering were removed at
alevated temperature by treatment with air containing water
vapour.

The analytical data of the potassium-doped silicas prepared
in this way are reproduced in Table 1.
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Table 1: Analyticai‘.__{_ data of the potassium-doped silicas

o oM ™ W N e

No. BET Potassium content wt.% Primary particle

m'/g (as Kz0) _ size distribution dn/da
131 0.44 '2 0.84
121 5.49 ' 0.81
106 0.12 6.78
113 - 0.24 0.80
120 ©.0.65 0.86
117'*-j}:fi.18 0.84

p:eparatibn of dfpersions

Method At 3; kg of deionised water and 104 g of 30% KOH
solution weré placed in a 60 1 refined steel preparation
vessel. Using a dispersion and suction mixer from Y¥Ystral
{at 4500 rpm), 16.5 kg of the silica doped with 0.44 wt.%
potassium as prepared above and were drawn in by suction
and roughly predispersed. This predispersion was supported
by a Z 66 type rotor/stator continuous-flow komogeniser
from Ystral with four processsing rings, a stator mlot
width of 1 mm and & speed of 3000 rpm, After the
introduction of the powder, dispersion was completed with
the % 66 type rotor/stator contimuoug-flow homogeniser £rom
Ystral at a apeed of 11,500 rpm. Puring this 15 minute
dispersion at 11,500, the pH was adjusted to and kept at pH
10.5 by adding mere XKOH sclution, A futher 778 ¢ of KOH
solution were used in so doing and a solids concentration
of 30 wt.% was cbtained by adding 1.5 kg of water.
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Instead of the potassium-doped silica, dispersion was also
carried out a.ccofaing to method A for Aerosil 13{0 (BET

" gurface 130 m?/g) from Degussa.

Method B: About half of the dispersions obtained by method
A ware ground_-ir’ith a ﬁet-jet-mill, Ultimaizer System from
sugino Maching Led., HJP-25050 model, at a pressure of

250 MPa and with a diamond jet diameter of 0.3 mm and two
mill passes. -

Tn total, three dispersions were prepared for polishing
purposes: '

Disperéioﬁ__'l"::f silica doped with 0.44 wt.% potassium,
- """ aigpersed by method B; solids content
30 wt.%, pH 10.5.

Dispersich 2: silica doped with 0.44 wt.% potassium,

- dispersed by method A; solids content
30 wt.%, pH 10.5.

Dispersion 3: Aerosil 130, Degussa AG, without K-doping;
dispersed by method B; solida content
30 wt.%, pH 10.5. '

Dispersion 2, prepared by method A, exhibited a markedly
higher viscaosity and the formation of sedimemt compared
with dispersions 1 and 3 which were prepared by method B.

Further analytical data on these dispersions are given in
Table 2.
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Tahle 2¢ Lua.lyt:.cal data of dispersions 1 to 3

Arithpetic means of
secondary particle
diameters in the

~ dispersion
Disp. Number  Volume vigcosity® Sediment
o [am] [nm] [mPas]
1 8 0T 7.5 no
2 T 142 50 ves
3 ST 100 140 15 no

(1} at '50_9-_._ 1/sec

The ﬁar”tiéie size distribution of the primary particles
doas pot::"':éilt_er due to digpersiomn.

Incokquétiéi in dispersion/wettability: Considerable
differé%nce's in handling became apparent during the
incorpération of potassium-doped silice and Aerosil 130.
The potassium-doped material could be incorporated within
1.5 h using the dispersion and suction mixer Erom Ystral. A

period of 2.5 h was remiired te incorporate the amount of
Aerosil 130.

Moreover, it was not possible to predisperse the entire
amount of Aerosil 130 only with the Z 66 type rotor/stator
continuocus-flow homogenigser from ¥stxral. From &
concentration of about 20 wt.%, it was no longer possible
to draw in Aerosil 130 by suction due to the high viscoeity
caused by partial reagglomeration. This behaviour was
markedly less pronounced with pct.assium-doped' gilica
dispersions. Only when supported by the wet-jet-mill at 75
Mpa operated with racycling could the viscasity be re&uce&
again to such en extent that further Aerosil 130 material
could be incorporated. '
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The different rate of incorporation may possibly be
attrihutablé""'to a different wetting behaviour.

To this end, an amount of $-10 mg of the appropriate sample
was placed carefully on the surface of a test tube filled
with twicé-'—dist.ilied water to & bheight of 6 cm, c¢are being
taken to. jensure that there was no contact between the
sample substance and the glass wall of the vessel. In order
to detemine the rate of wetting, the time taken for the

’ sarnéle to sink completely was measured. The test was

repeatad three times in each case.

It was _aﬁserved that all the samples became thoroughly
weéted‘ Mediately after being placed on the surface of the
water. Cmuplete wetting is consldered to be the time taken
for the sample to come into contact with water to such an
extent that it becomes detached from the surface of the
water and sinks to the bottom.

Tha wetting times of potassium-doped silica wvary with the
potassium doping. They are substantially shorter than for
undoped silica (Aerosil 130) (Table 3).

Table 3t Wetting timas of potassium-doped silica

Wt.% K (as KzO) 0.12 0.24 0.44 0.6%9 1.18 o

Wetting time (8) 31 31 39 as 43 120

(1) Mean of 3 measurements: ({2) Aerosil 130

Polighing process

" Dispersions used: Apart from dlgpersions 1 to 3, the

following commercially available diepersions were also used
for polishing:
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Klebosol -3__0N50 {Rodel), solids content 30 wt.%, gtabilised

with annnoixia, pH 9.5

Kleboscl 1501 (Rodel), solids content 30 wt.%, stabilised -
with KOH, pH 10.9

'Smi-sﬁgrse.;zs {Cabot Microelectronics), solids content

25 wt.%, KOH-stabilised, pH 11.0, diluted 1:1 with water

a;;parai;ﬁsz A P200 CMP cluster tool from Pater Wolters CMP
Systema, Eitted with a PM200 polishing machine and a brush
c¢leaner from Contrade was used for the polishing tests.
Cleaning teste were carried out with water and with

‘ammonia.

The polishing head was fitted with a DF200 backing £ilm

‘frqn Rodel, and the polishing clioth used was an
1c1000/SubaIv pad, also from Rodel. The set of parameters

1i't¢t;e;d in Table 4 wae used for the polishing procass.
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Teble 4: Set of parsmaters for the polishing process (w

Force 1500 N
Contact point ¥ 150 mm
Back surface pressure, internal ' 0 kPa

Back ‘surface pressure, external 10 kPa

Oscillation - 10 mm
Chuck speed 20 rpm
Polishing disc speed " 33 rpm
__Dis:;e;rsion flow rate 180 ml/min
T Polishing time 60 sec

1y "-"reunpetature: abont 25 &C; 2} The distance, in mm, batween the
"gentre of the chuck and the centre of the polishing disc (diameter of

the uniformity sdjustment, two regions can be treated separately with
fack gurface presgure;

¥

£

-

‘Wafers: 200 mm S1 wafers coated with 1000 mm LECVD TEOS
(670 =¢, 750 mTorr).

Evaluation of the polishing results

Ratae of removal and non-uniformity: the rates of removal

. gbtained with the dispersions and the non-uniformity were

determined by measuring the £film thickness with an
Axiospeed spactrophotometer from Zeiss. 4%-point
measurenents were performed on the wafer with a 6 mm edge
exclusion zone in each case. 25 wafers in each case were
polished and evaluated in 6rder to determine the average
rate of removal,

In view of the pronocunced gelling behaviour on the
polishing dise, it was not possible ta achleve a stable
polishing process capable of evaluation with dispersion 2.
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Only’ghree wafers could be polished, the rate of remaval
being balow that of dispersions 1 and 3.

The results are set out in Table 5.
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-raﬁle 5: Polishing results, 49-point measurement'*

Disp. Disp. Kiebosol Klebosol 88 259
1 -3 30N50 1501
Removal 445 355 287 326 353
: Non-uni -
. formity™ 5.5 6.7 5.7 6.2 5.9
(%)
“particle
number 181 176 171 178 176
L after
post -CMp
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30

{1) Edge exclusion zoue 6 mm; (2) Diluted l:1 with water; (3) Standard

: gl:eviatim 1 smigma; (4) Particle size 0.25 - 1.00 pm; Exushclean with

2 .0% ammonia

pefects: The examinations in respect of defects {(scratches
and particles) were carried out visually under a Haze lamp
and with a Censor ANS 100 surface particle counter
respactively.

The determination of the surface particles after post-CMP
cleaning gives similar values for all the dispersions

_ examined (Table 5),

The potassium-doped silica dispersion prepared by the wet-

jet-mill with an average particle size of less than 100 nm.

axhibits advantages during polishing in terms of the rate-
of removal and non-uniformity compared with dispersions
based on colloidal silica Klebosol 30M50 and 1501, and
compared with the $825 dispersion based on pyrogenie
gilica. With regard to the defects brought about omn tha
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surface of the wafers during polishing, the behaviour of
tHe above-mentioned dispersions is almost equally good.

TN ey
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' Patent claims

o 1.

aqueous dispersion containing a silica produced by
pyrogenic means and alkali-doped by means of aerasol,
characterised in that sald silica, in the dispersion,
has an average particle diameter of the secondary
particles of less than 100 mm and the quotient dn/d; Of
the arithmetic mean of the number distribution 4, and
the arithmetic mean of the surface distribution & of
the primary particles is at least 0.7.

. Agqueous dispersion according to claim 1, characterised

in that the alkali content of the doped silica is from
10 ppm to 10 wt.%.

Agueous dispersion according to <¢laims 1 or 2,
characterised in that the BET surface of the alkali-
doped silica is from 5 to 600 m*/g.

Aquecus dispersion according to cla:i.l_ua 1 to 3,
characterised in that the solids content is from
0.1 wt.% to 70 wt.%.

Agueous dispersion according to ¢laims 1 to 4,
characterised in that the dispersion bas a pH from 8
to 12.

Agueous dispersion according to ¢laims 1 to 5,
characterised in that the alkali compcnent used is

. potassium.

A process for the preparation of an agueous dispersion
according to claims 1 to 6, characterised in that the
alkali-doped gilica produced by pyvrogenic means is

dispersed in agqueous solutiom by means of a high energy
input.
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8. A process for the préparation of an agqueous dispersion
according to claim 7, characterised in that, in order to
disperse an alkali-doped silica in an aqueous solvent, &
device is used in which the particles to be dispersed
are under a pressure of up to 3500 kg/om® ,
depresgurised by means of a nozzle and collide with one
another or against wall regions of the device.

9. The use of the aquecus dispersion according to claims 1
to 6 for planarising semi-conductor substrates or layers
applied thereto, for the production of fine-particle
surface coatings in the paper sector, and in the
cosmetics and glass sector.




