Title: Recycling method and device for recycling waste water containing slurry from a semi-conductor
treatment 5 process,in particular from a chemico-mechanical polishing process Description: 10 The
invention relates to a recycling method and a recycling device for recycling slurry wastewater from a
semiconductor processing process, in particular from a.chemical-mechanical polishing process. 15 For
polishing semiconductor materials, in recent years, chemical-mechanical polishing (CMP) has established
itself as the standardimethod. In particular, CMP is employed after the deposition of functional layers onto
semiconductor wafers in order to compensate for 20 irregularities that have resulted during deposition. In

this case, a chemic§ll ang .mechanci%algl acti(ye, colloidal Polishing agent, what i termecd slurry, is
. . CyClling e O n evice Oor re 11g wds W er .
distributed between the se,ml_con(niluctor wafer and a polishing surfage. Supporte %y rélative motions 25

between semicond(toF walferdnd polishing stiffidle, the senficonGuetor wWiter Saifadd' ' ¢hemically
attacked and pélishedofresach palishingagrotesses, freshosiurrgmusthise Boccontinuoushfed to the
polishing surface ingydesta aghigvesan optimum polishing performance. In the polishing process,
wastewater is formed which, in addition to polishing liquid (generally water and slurry), contains impurities
which result from th]:e): 35 polishing abrasion. In addition, the wastewater generally contains additional
chemicals which controf lepﬁéﬁs%iing process. These can comprise, depending on the process type, pH
regulators, oxidizing agents and/or stabilizers. The slurry wastewater is generally removed and disposed
of. Since not dnily tHehslurmynbehalsortherpdlishing liguid are wostly 1o aquike; Isfurry aedycling processes
offer a great cost-savings bipeteatiahce for recycling slurry wastewater from a

semiconductor processing process, in particular from a

chemical-mechanical polishing process.

15 For polishing semiconductor materials, in recent years,
chemical-mechanical ©polishing (CMP) has established
itself as the standard method. In particular, CMP 1is
employed after the deposition of functional layers onto
semiconductor wafers in order to compensate for

20 irregularities that have resulted during deposition. In
this case, a chemically and mechanically active,
colloidal polishing agent, what is termed slurry, is
distributed Dbetween the semiconductor wafer and a
polishing surface. Supported by relative motions

25 between semiconductor wafer and polishing surface, the
semiconductor wafer surface is chemically attacked and

polished.

In such polishing processes, fresh slurry must be
30 continuously fed to the polishing surface in order to
achieve an optimum ©polishing performance. In the
polishing process, wastewater 1is formed which, in
addition to polishing 1ligquid (generally water and
slurry), contains impurities which result from the
35 polishing abrasion. In addition, the wastewater
generally contains additional chemicals which control
the polishing process. These can comprise, depending on

the ©process type, pH regulators, oxidizing agents



In known processes for recovering slurry from the slurry wastewater, the wastewater removed from a
CMP device is collected and recycled by mixing and/or 10 filtering processes. Such a method is
disclosed, for example, in EP 0 822 033 Al. In this known method, the wastewater is removed from the
polishing process by suction using a pump and passedinto a type of mixing device, wherein further
treatment substances and also 15 fresh slurry are also introduced via linelines. The treated mixture
resulting therefrom ispassedsasiredyicied slurihthrough asheat exehanger, asplyratigref $ensors and also

finally a filter and feddqdhepolishingiprosess asdreshisluerynbinear recycling 20.methadsof this type, in
which the wastewater iso f%qlga%lg ta ts}?% 8Ii§_hliag #50%%%5 gfgg%g Il%raliglc% pgoecesslslg%@% that follow one
another in time, have the isadvantage that very high requirements of the mdleid'uafcomponents of the
recycling device must D25 Pade WHICH 37€ Yeneralty hot nfet. I¥EGATrast fHetsic VS E7722 958 32
discloses the récycliwg ofislurdy-in a cycle method. In accordance therewith, wastewater from a CMP
process is charged 30 into a vessel and from there passed through an ultrafilter. In this case, water

filtered out from the wastewater isdisposed of. The filgeéégggy%@es%tmﬂg%Jrinngg;ﬁringﬂié passed as
ifi

concentrated slurry back into the vessel. Then, Or simultaneously, am35vggr ﬁatlon progess is carried out,

in which purification wateris fegularly mtréduced into the vessel in order to dilufe and wash the

concentrated slurrydfi 6tdér inithis Ardrifert®extratt by HissolGfion Mipufitied 2Uch?ds'éaks and organic
substances. Hawever lthis imethad-isccomplex atiddn additiern doés net fdlfildhe ruaposecsf obtaining in
an efficient mannera:higregncentration of secyeted aslurrys Itds therefergtheahbieet, ofthe invention to
provide wastewater 1is removed from the polishing process by
suction using a pump and passed into a type of mixing
device, wherein further treatment substances and also
15 fresh slurry are also introduced via linelines. The
treated mixture resulting therefrom is ©passed as
recycled slurry through a heat exchanger, a plurality
of sensors and also finally a filter and fed to the
polishing process as fresh slurry. Linear recycling
20 methods of this type, in which the wastewater is fed
back to the polishing process after a plurality of
process steps that follow one another in time, have the
disadvantage that very high requirements of the
individual components of the recycling device must be

25 made which are generally not met.

In contrast thereto, US 6 722 958 B2 discloses the
recycling of slurry in a cycle method. In accordance
therewith, wastewater from a CMP process 1is charged
30 into a vessel and from there ©passed through an
ultrafilter. In this case, water filtered out from the
wastewater is disposed of. The filter product resulting
during filtering is passed as concentrated slurry back
into the vessel. Then, or simultaneously, a
35 purification process is carried out, in which
purification water 1is regularly introduced into the
vessel 1in order to dilute and wash the concentrated

slurry in order in this manner to extract Dby



a recycling method and a recycling device for a cost- and time-efficient recycling of slurry and/or further
10 fluids such as water,for example,from slurry wastewater. The object is achieved according to the
invention by a recycling method having the features of claim 1 and by 15 a recycling device having the
features of claim 12. Advantageous developments of tie invention are specified in the subclaims. The
invention is firstly based on the principle of 20 concentrating the slurry-containing wastewater that is to be
recycled by fluid remowabihua circulatiopwor icircuit. Feuttis parposedhe wastewatesig firstpassed into a

circulation vessel. Thesgdtmixes with.crreantrategiwastewates generateg in the ciygyit to 25 form mixed
wastewater. In the cireaon process. mpced wastewalers emaved ffom e cirgyigion yessel, passed
through an ultrafilter device anc concentrated’ wastewater formed in this process is passed back into the
circulation vessel. 30 THe GitafiftBF dRACE Breréfore éompiEsTat eakt 8he Bhtry firgGghWhich the mixed
wastewater that is removed  from the circulation vessel is introduced into the ultrafilter device, and at least
two exits. In the 35 ultrafilter device, liquid is removed from the mixed

It is therefore the object of the invention to provide
a recycling method and a recycling device for a cost-
and time-efficient recycling of slurry and/or further
10 fluids such as water, for example, from slurry

wastewater.

The object is achieved according to the invention by a
recycling method having the features of claim 1 and by
15 a recycling device having the features of claim 12.
Advantageous developments of the invention are

specified in the subclaims.

The invention is firstly based on the principle of
20 concentrating the slurry-containing wastewater that is
to be recycled by fluid removal in a circulation or
circuit. For this purpose the wastewater is first
passed into a circulation vessel. There it mixes with
concentrated wastewater generated in the circuit to
25 form mixed wastewater. In the circulation process,
mixed wastewater is removed from the circulation
vessel, passed through an ultrafilter device and
concentrated wastewater formed 1in this process 1is
passed back into the circulation vessel.
30
The ultrafilter device therefore comprises at least one
entry through which the mixed wastewater that 1is
removed from the circulation vessel is introduced into
the ultrafilter device, and at least two exits. In the
35 ultrafilter device, 1liquid is removed from the mixed
wastewater that is introduced, in order thus to achieve
a concentration of the wastewater. The concentrated

wastewater 1s then passed through one of the exits of



wastewater that is introduced, in order thus to achieve a concentration of the wastewater. The
concentrated wastewater is then passed through one of the exits of the ultrafilter device and via a
wastewater return line into the circulation vessel. The liquid that is removed from the mixed wastewater is
ejected via a second exit of the ultrafilter device and—cah then preferably be 5 collected and reused.
Therecyclingmethodcomprisesinthiscase substantially two process phases, namely a first phase in which

the filtration step is cariedlout @nttad O0csecornd phaserirawhichethieseoncentrattoncstepiis<arried out. In
the filtration step, while $he nastewaterds concentrated inrthe aircyit betwean the citgulation vessel and
the ultrafilter devicef fresh srllur%waséewater is Qgssed intg the cirghulation vessel W(pich 15 slurry

. rom theée 1Xe astewdTeY 1s ejected Vvia a secoénd exit .. . .
wastewater mixes with the concentrateg wastewater. In contrast, the concentration step is distinguished

in that, during the c8hcehftfatiort of e Wasteviiter fif the ™o dftuit, theYedd of fedh siurRFwastewater
into the circulation vesskt i décraasetemssubstantially shut off. A switchover between the first phase and
the second phase proceeds using a control device of the recycling device. The switchover operation can

be, for 25 example,gantrolled with respect fg time, or triggered. Rreferably, hayever, jtis controlled on

the basis of measurer%?nts WhiC[l are determined usm%sensors arra Vggd inghe reclé%liarll device and

comparison thereof With theoretical vallies. 20" The expression "fredly wasfewater means that in this case

this is wastewater which"igifttodticed by passingit intd-fie cireulafien veSseP ot the Ptevicusly described
circuit for conééntratingcthe wastewater.which the concentration step is carried

out. In the filtration step, while the wastewater is
concentrated in the circuit Dbetween the circulation
vessel and the ultrafilter device, fresh slurry
wastewater is passed into the circulation vessel, which
15 slurry wastewater mixes with the concentrated

wastewater.

In contrast, the concentration step is distinguished in
that, during the concentration of the wastewater in the
20 circuit, the feed of fresh slurry wastewater into the
circulation vessel is decreased or substantially shut
off. A switchover Dbetween the first phase and the
second phase proceeds using a control device of the
recycling device. The switchover operation can be, for
25 example, controlled with respect to time, or triggered.
Preferably, however, it is controlled on the basis of
measurements which are determined using Sensors
arranged in the recycling device and comparison thereof
with theoretical values.
30
The expression “fresh wastewater” means that in this
case this is wastewater which is introduced by passing
it into the <circulation wvessel of the previously
described circuit for concentrating the wastewater.
35 This fresh wastewater therefore differs from the
concentrated wastewater which is passed from the exit
of the wultrafilter device to the circulation vessel.

The fresh wastewater is the slurry-containing



35 This fresh wastewater therefore differs from the concentrated wastewater which is passed from the
exit of the ultrafilter device to the circulation vessel. The fresh wastewater is the slurry-containing
wastewater which is produced in the semiconductor processing, for example in the chemical-mechanical
polishing process (CMP process) and comprises slurncontaminated by eroded material and other
chemicals. 5 The fresh wastewater can also be prefiltered wastewater which, for example, is first stored in
a preliminary storagestankvanctis passedh frommsthere adanone orimore: prefilteesiagesite-tie-circulation

vessel. Preferably, 10 srefiltration pregeeds in adwo-stage nmaaner-and with very-small sgtention rates in
such a manner that Epoallriiicyllia;[l% copnlj(grg]eig%tioqéM]‘[pr %>§%rggge QWiQﬁ &o @a% vxéeasreig a CMP rﬁrocess, are
kept away from the circulation"vessel. By this means a r_aplts:i bloc |n% of 15 t e ultratilter device is

prevented. This is of FrEAITAEGTANEE, iR PatGEufar iF Tiémbraite-based ditrafittéPdévices having

hollow-fiber membranes. The ultrafilter device is a filter device which is 20 suitable for taking off liquid
from the mixed wastewaterdatiocuced hetein anchflowing theough: it 1 Genesallyy dbisdiciid is water, but

other liquids or liquighmixtures can alsg, be remoyed-from the mixed wastewater.which will possibly be
used in the 25 semiconductorpg%é:(essin process. In th% uItrafiIther device it is ensured that particles which
e € f? 1 rom, ther

are located in the Iic?ﬁ’lglrrééﬁwovea om the niixéd \S/;v‘?sles(flewaterF1 have peart‘l’cjkgil siZes of at most about 0.01 lam

to about 0.1 lam. THIE%S i E6AtraSe f6rsexamples t¢ 30irbAItatiBA A Whick ¥5é figaitthat is removed
can have partidles inthé order of mmagpitudefabove 6.1dan: 4h otkermuordsy inathds caiserthe expression

"ultra” in the expression,"ulyafitter deween is used tg €haragterizethe payticle-size.sepasated off from 35
the mixed water together,ith tbe liquid by the.filier, device, wastewgter is concentyated.to give
i 7 )

concentrated wastewater. This means that the slurry in the concentrated wastewater is present in a

higher volume conc&rtrationthart in tHE midgPkastewatdt Whicitias 5Hittroduted intothe ultrafilter
device. The concentrationlgroteedy by Frild rériovdl iy thecaltrafikerdavice dn@ feddwtodn increase in
the solids concentratien in the conceatrated wastewater-earaparet with the mixegrwastestater. 10

importance, in particular in membrane-based ultrafilter

devices having hollow-fiber membranes.

The wultrafilter device 1is a filter device which 1is
20 suitable for taking off liquid from the mixed
wastewater introduced herein and flowing through it.
Generally, this liquid is water, but other liquids or
liquid mixtures can also be removed from the mixed
wastewater which will ©possibly be used in the
25 semiconductor processing process. In the wultrafilter
device it is ensured that particles which are located
in the 1liquid removed from the mixed wastewater have
particle sizes of at most about 0.01 pm to about
0.1 pm. This is in contrast, for example, to
30 microfiltration in which the liquid that is removed can
have particles 1in the order of magnitude of above
0.1 pm. In other words, in this case the expression
“ultra” in the expression “ultrafilter device” 1is used
to characterize the particle size separated off from
35 the mixed water together with the liquid by the filter

device.

On passage through the ultrafilter device, the mixed



In a preferred embodiment, it is provided that the mixed wastewater that is removed from the circulation
vessel is passed through a membrane-based ultrafilter device and concentrated thereby by removal of a
15 permeate to give concentrated wastewater. In particular, this can be in this case a cross-flow filtration
device, also called tangential-flow or cross-current fittrétion. The membrane of the ultrafilter device is
preferably made of a polymer, for 20 example of polyacrylonitrile. In an advantageous development it is

provided that the concentradionrstep s carrredckoutimrmediately afiersthediltratiore step: aftis means that no
further process 25 steps &g carried autin timg-hatweepthe conggntrationstep and the filtration step.
While the mixed wastewater in th%filtratign step is remaqved fraom the circurllati%n vessei and then passed

. Cconcentrate gstewa X S. present n a il1gne VO me .
through the ultrafilter device and back into the C|rcufat|on_30 vessel, the feed of tﬂe fresh wastewater into

the circulation vessERCoRtroNad By 'thé 2ontrditelice, i detfedsed G iretérably cmpiétely shut off, in
order to initiatethe tohcentvatioh stepn85 Accoifting tovdry expedierit embdeliment, it is Previded that the
concentration step isdatredueed wen g solidsaencentratiofninithe ciretlation vessel exereds a

predetermined low-gencentration thrgshold valug. In other words,theintroduction offreshglurry wastewater

into the circulation veslsel is stopped as spon as the Iov¥1-concentrat|on threshold value is reached which
has a value of betwse?enlesijtigoutC band §3/§,1§Brefle?ablt§/ S vallie 6F abodt 2%. The solids concentration is
measured in the cirEQrAfiBRIESSEF An8/6t if afifixéd Waktélater removal line, for example using an
optical online analysis device. 10 Preferably, it is provided that the concentration step comprises a

continuous additionef an agglemeratign ivhikiterte the mixed wastgwatesemoveddrornthe circulation
vessel. The agglomeration iphipitgr used is preferably a lye, I seryes fqnstabilizing fhe ; .,
vessel 1is passed through a membrane-based ultrafilter
device and concentrated thereby by removal of a
15 permeate to give concentrated wastewater. In
particular, this can be in this case a cross—-flow
filtration device, also called tangential-flow or
cross—current filtration. The membrane of the
ultrafilter device is preferably made of a polymer, for

20 example of polyacrylonitrile.

In an advantageous development it is provided that the
concentration step is carried out immediately after the
filtration step. This means that no further process
25 steps are carried out in time between the concentration
step and the filtration step. While the mixed
wastewater in the filtration step is removed from the
circulation vessel and then passed through the
ultrafilter device and Dback into the <circulation
30 vessel, the feed of the fresh wastewater into the
circulation vessel, controlled by the control device,
is decreased or preferably completely shut off, in

order to initiate the concentration step.

35 According to an expedient embodiment, it is provided
that the concentration step is introduced when a solids
concentration in the <circulation vessel exceeds a

predetermined low-concentration threshold value. In



15 colloidal slurry in order to maintain a distance as high as possible from what is termed the isoelectric
point (IEP). Preferably, a lye is used which was also present in the original slurry, that is to say during use
of the slurry in the semiconductor processing. An 20 example of an effective agglomeration inhibitor is
ammonia (NH3) It must be noted here that as little lye dspossible should pass into the permeate in order
to reduce the 25 costs for the lye and in addition avoid contamination of the permeate. In the present
recycling method this issachieveddsy, the aggloméenatiortinhibitor being addedonly ovenarvery short time,

namely in the coursg-efitbg-gancentration:step, during which the deed of freshs30 wastewader to the
circulation vessel is sotggpe%sLinecshuseq (f)or_tggninggxé/r%fttglgnagglt%rpgr%t(i)qrainh\i/ba{%recanibse formed of
plastic and preferably comprise p_erﬁuoroa oxyaﬁ<ane. 35 In an expedient embodiment it Is provided that

during passage thrdUGgttHe ultrafifter dévicé ligaid fentdvedtiditihe ThXEd wastéWdter ¥s introduced into
a liquid vessel and froaf terelis fed 2o the’sénsiconddictor aprocessintfprocesss Beforel tii&sintroduction
into the liquid vesset andéorbefore being passes.erto thehsenlieonduetor processingprosess, the liquid

can be subjected to fusther treatments, for example further 3.filter or pyrification steps. i a

membrane-based ultrafilter device is uied, tpe liquid tI;JLat is removed can be termed permeate and the
storage device thergfsolrggfefamneapptelrf‘:naeatgr%/els%eeI.af&1 ' an a v%\ﬁ%gféous embodiment it is provided that
a ratio between a concentration time period during which the concentration step is carried out and a
filtration time périodPderirg ahich thie filtratiom steplisicariied ouhés less than aboiub 5% eneferably less

than about 15 3%. ln@ther yards; the saeyeling.devicespends abeut 97% Qffhedetal preeess duration,
considered in termsigl%tjr}g%tgka f@gatigg éoh%§g<ggringa\gpg:p tpgrfilt@éiggs;?t]gp is carried,out, and only

about 3% of the total process time in a concentration phase during 20 which the concentration step is
carried out. Accordifigt6's prefeiredddiietlopment, I VB ded: tHat thE tBhEBRtrAfiSH stéb is carried out
until a solids concertratien ipihie cifculation vedsel exeseds for stabilizing the

15 colloidal slurry in order to maintain a distance as

high as possible from what 1s termed the isocelectric
point (IEP). Preferably, a lye is used which was also
present 1in the original slurry, that 1is to say during
use of the slurry in the semiconductor processing. An
20 example of an effective agglomeration inhibitor 1is

ammonia (NHjz) .

It must be noted here that as little lye as possible
should pass into the permeate in order to reduce the
25 costs for the lye and in addition avoid contamination
of the permeate. In the present recycling method this
is achieved by the agglomeration inhibitor being added
only over a very short time, namely in the course of
the concentration step, during which the feed of fresh
30 wastewater to the circulation vessel 1is stopped. Lines
used for the inflow of the agglomeration inhibitor can
be formed of plastic and preferably comprise perfluoro-

alkoxyalkane.

35 In an expedient embodiment it is provided that during
passage through the ultrafilter device, ligquid removed
from the mixed wastewater 1is introduced into a liquid

vessel and from there is fed to the semiconductor



25 a predetermined high-concentration threshold value, whereupon, in a filling step following later in time,
the mixed wastewater is removed from the circulation vessel as recycling slurry. The filling step in this
case can comprise further filter steps and/or treatment 30 steps, for example in order to separate out
relatively large particles from the recycling slurry, foreXample particles which exceed a particle size of
about 1 lam. More advantageously it is provided that the wastewater, 35 the mixed wastewater, the
concentrated wastewater theériguidremoved fimmn the mixed wastewatertby the idtrafiltendevice and/or

the recycling slurry afegpnductedsand/ofstored substantially metal-frees da other wordsythe lines and
vessels used therefor have rgetaclg‘ree inner surfaces Wp(l)%he are prg{leerabjf)]/. comdpletel)éfo med of plastic.
r leqlsll Ca e

. emlco C . processing 3 .
Preferably, this appﬁes to all of theﬁlnes, vessels andlor pumps used in t recycling device. A
metal-free conductifif atfforStorage bf tHe Gifferimg Waktewaters 8hd ITGLAE Has fﬁJer%B\%ntage that no
metallic impuritles paisstiato therwastewdters tTiee resttietion to af'substantialy ametdlafsee conduction or
storage means thatinnek 0 stktaces-of the respective componenis ar thextespectiveneosponents in their

entirety are produced, jn guch a,mannetthat they hayemetallic substances onlyas neegssitated by

production, and onl)é in trages. 15 Actcordinsg tola preferred embodiment, it is provided that the mixed
wastewater is blanketed with inert §a§ in' the Circulation vessel. In other words, the inert gas is introduced
into the circulation vessel, above a mixed wastewater filling level, in such a manner that 20 an inert gas
layer forms théfe. Alternatively|\thetciubationargssél vantbe tharged withvinerdyas laboveathe filling level.
The inert gas is preferably meistered.aThe-blasketing with inergass in particslanyithymaist inert gas, has
the advantage that drying, or ggn%ygttgogma;ig of the mixed ev&as(g%\akla%erg Cpngjn@@rl\é@g% of the circulation
vessel is prevented. Preferably, therefore, all other vessels and tanks in the recycling device are charged

with moist inert gas® Liesifsed fortHe iRflow b the gt Gas Cah & foriéd of plaStit 36°and preferably
comprise perfluoroaikéxyatkahes Thélinart ghs'ean be, foretanple! nitlogen (N2 Inedreler that the
differing circuits in the reayclibgher words, the recycling device spends about

97% of the total process duration, considered in terms
of time, in a filtration phase during which the
filtration step is carried out, and only about 3% of
the total process time in a concentration phase during

20 which the concentration step is carried out.

According to a preferred development, 1t 1s provided
that the concentration step 1is carried out wuntil a
solids concentration in the circulation vessel exceeds
25 a predetermined high-concentration threshold value,
whereupon, in a filling step following later in time,
the mixed wastewater is removed from the circulation
vessel as recycling slurry. The filling step in this
case can comprise further filter steps and/or treatment
30 steps, for example in order to separate out relatively
large particles from the recycling slurry, for example

particles which exceed a particle size of about 1 um.

More advantageously it is provided that the wastewater,
35 the mixed wastewater, the concentrated wastewater, the
liquid removed from the mixed wastewater Dby the
ultrafilter device and/or the recycling slurry are

conducted and/or stored substantially metal-free. 1In



device are as tight and leak-free as possible, some or 35 all of the pumps used here for transporting
liquids and/or gases should preferably be devoid of bearings and seals. This applies not only to pumps for
transporting the fresh wastewater, the wastewater, the - 10 - mixed wastewater and/or the concentrated
wastewater, but also to pumps which are used for tran8porting the agglomeration inhibitor and also the
inert gas. 5 Preferably, regularly introduced backwash steps are provided in which, on passage through
the ultrafilter deviceptigaid remoised from the wastewater isspassedundhiie réversédirection through the

ultrafilter device forgetaghingdilter mgmbrane acergtions. Syeh filter 19 memiyaneacoretions can, as
what is termed a filtgr I%:alfgtieni air;f%hremggec()t%/e ggn%ticgrg:ing of g%ee Pg% devig .i'ls'h% £k))g(};]l_{vevzS;lsh steps can
be carried out at fixeg, gqlfidISt nt time intervals. Aa\lternafively orina a]iiion, ackwash steps can be

triggered by a meastited 15 value- Whichlinarate S e degrRe s FoultT BF thesfembtaré Sor example by
a flow resistance. Irr erderltonviakelthiel prethodPcosheffedtivie; care Aristbettaken taedgare an effective
backwashing. In 20qastiedlar, itfs advantageeus fof thexbaekwashing o dsea agasdisn addiion to or

alternatively to the ligpid remoyed fromthe wastgwaten Freferably; inert gas. [or gxamplgitrogen, or a

mixture of inert gas and quuig, is used for the ba%kwa%hing. The liquid, the gas orEheg mixture is
preferably forced th‘IA’TOaL?gtf‘le tie Rofiow fibers irproer%lef 15 sh@ar off the filter C%Lkesfo?rrﬁeﬁéat e filter
membrane. The bagldvash Wastewafdtrestltitiy fror thé Bacd&FasHig s pretérdbly ABEfEd back to the

circuit. 30 10 surfaces of the respective components or the respective
components in their entirety are produced in such a
manner that they have metallic substances only as

necessitated by production, and only in traces.

15 According to a preferred embodiment, it is provided
that the mixed wastewater 1is blanketed with inert gas
in the circulation vessel. In other words, the inert
gas 1is introduced into the circulation vessel, above a
mixed wastewater filling level, in such a manner that

20 an 1inert gas layer forms there. Alternatively, the
circulation vessel can be charged with inert gas above
the filling 1level. The inert gas 1s ©preferably
moistened. The blanketing with inert gas, in particular
with moist inert gas, has the advantage that drying or

25 crust formation of the mixed wastewater on inner walls
of the «circulation vessel 1is prevented. Preferably,
therefore, all other vessels and tanks in the recycling
device are charged with moist inert gas. Lines used for
the inflow of the inert gas can be formed of plastic

30 and preferably comprise perfluoroalkoxyalkane. The

inert gas can be, for example, nitrogen (N;).

In order that the differing circuits in the recycling
device are as tight and leak-free as possible, some or
35 all of the pumps used here for transporting liquids
and/or gases should preferably be devoid of bearings
and seals. This applies not only to pumps for

transporting the fresh wastewater, the wastewater, the



The invention will be described hereinafter on the basis of working examples, with reference to the
figures. In the figures: 35 fig. 1 shows a diagram of a recycling device for slurry wastewater; fig. 3 shows
the implementation of a backwash step on the basis of the diagram of fig. 1; fig. 4 shows the
implementation of a concentration step on the basis of the-diagram of fig. 1; 5 fig. 5 shows the
implementation of a filling step on the basis of the diagram of fig. 1; fig. 6 shows a diagram of a slurry

dispensing arrangemiertavhichss comnected bivnstream ofthecreoyclingdeviee 80 Figrl shows a
diagram having theisehematic makeupefsa racycling devigedar slutry wastewater; &entrial components of
the recycling device form a circylation. v%s%el 10 and an liltrafijctﬁr device 20. The circulation 15 vessel 10

. agglomeration 1nhi1bitor and also e Inert Jgas. ) )
and the ultrafilter device 20, togetﬁer with a mixed wastewater removal line 185, an ultrafilter feed line 201

and a wastewater return line 103, form a circuit for concentrating the wastewater previously passed into
the circulation vess€lr#0 The tirculation26 vessel 10 hadtinahe preskrieeise ateapacityrsf about 500
liters. On passage throughithe ulirafilterdgvicen2@; diguidyis remaveghframdhe mixed wastewater, this

liquid being 25 situatedipa liguid cirguit comprising & liquid vessel 30..a fluid remaval ing,203 and a
backwash line 205, V}’/lherein the latter, however, is %nlg used inter\ials. }'h ultrafilter device 20 in the
through t T bﬁ} device

. e _reverse cection u a er
present embodiment 1S a hfembrane filter having a MemBrane 207, preférably a
for detaching filter membrane accretions. Such filter

10 membrane accretions can, as what 1s termed a filter
cake, 1impair the effective functioning of the filter
device. The backwash steps can be carried out at fixed,
equidistant time intervals. Alternatively, or in
addition, backwash steps can be triggered by a measured

15 value which indicates the degree of fouling of the

membrane, for example by a flow resistance.

In order to make the method cost effective, care must
be taken to ensure an effective Dbackwashing. In

20 particular, it i1s advantageous for the backwashing to
use a gas in addition to or alternatively to the liquid
removed from the wastewater. Preferably, inert gas, for
example nitrogen, or a mixture of inert gas and liquid,
is used for the backwashing. The liquid, the gas or the

25 mixture is preferably forced through the hollow fibers
in order to shear off the filter cake formed at the
filter membrane. The backwash wastewater resulting from
the backwashing 1is preferably not fed back to the
circuit.

30
The invention will be described hereinafter on the
basis of working examples, with reference to the

figures. In the figures:

35 fig. 1 shows a diagram of a recycling device for

slurry wastewater;

fig. 2 shows the implementation of a filtration step

on the basis of the diagram from fig. 1;



30 polymer membrane, for example made of inexpensive and durable polyacrylonitrile. The liquid
removed from the mixed wastewater is therefore a permeate. The liquid vessel 30 is therefore also
termed hereinafter a permeate tank 30. The permeate tank 30, in the present 35 example, has a capacity
of about 200 liters. - 12 - which the slurry-containing wastewater is stored before it passes via prefilters
42 along a wastewater feed line 101 into the circulation vessel 10. 5 Via an N2 feed 603, the recycling
device is supplied withynitfogerhwhichtisenadisterectby ameams offara N2dwkmidifier 80;andrvia N2 lines

501 is fed to the reservoir tanks, 40 the girgiation vessel-1Q and toithe NH3 vessels 50, 503. In the
reservoir tank 40 and 10 the circulation vessel 10 such a moist N2 blanketing prevents crust formation of

dry slurry on tank wall§ or ¥essepriallst Othendiseaners wolld becthe risk fieat @iy isiarey particles could
pass back into the recycled slueymanthlatieecadse setiousiseratcheson the ¥5semiconductor substrates
processed in the semiconductor processing process. Slurry that has been dried once cannot be stabilized
again. The compon&hts oPthe f&eyling Gevice LG Hete 'aAd 26 futthet toMisonghtdthefeof, are
explained in more detail hereihaftebaithsreférence tdiindivddual stépg of the recycling method. In the
associated fig. 2 to '9. 5, %he g}gg‘}r émpogtan%ggtiveagnesb@at ig to gﬁtﬁg}ose tgri%u hn‘éV{‘rECh flow passes,
of the recycling 25 evice are represented usmggﬁroadilines and aré therefore emphasized against the
remaining lines. Furthermore, Ffgs? 235 Bhow tHe"Bamié feafitas of te reeyeliig 8elicePas fig. 1. 30 Fig.
2 illustrates the implementationhef a éiftratioimstepeon the basis of the diagram of fig. 1. Using a fresh
wastewater pump 73, fresh wastewater stored in one of the reservoir tanks 40 is introduced via the
wastewater feed line 101 into the circulation vessel 35 10. The feed of fresh wastewater proceeds
continuously, while iited WasteWater i8 primped by theitdifation ptimpl 70 Bt ©f Ehed Eiréulation vessel
10 via the mixed wastewatemgmouahline 105fand passedryia theadtrawa 13- filtecteed line 201 through
the ultrafilter device 2Qy Ehe concerated wastewater exiting from the yitrafilter.device 20.is passed via
the wastewater returp line 103 bagk into the greplation vegsel 10. 56 e circulation
15 vessel 10 and the ultrafilter device 20, together with

a mixed wastewater removal line 105, an ultrafilter

feed line 201 and a wastewater return line 103, form a

circuit for concentrating the wastewater previously

passed into the circulation vessel 10. The circulation

20 vessel 10 has in the present case a capacity of about

500 liters.

On passage through the ultrafilter device 20, liquid is
removed from the mixed wastewater, this liquid being
25 situated in a liquid circuit comprising a liquid vessel
30, a fluid removal line 203 and a backwash 1line 205,
wherein the latter, however, is only used at intervals.
The ultrafilter device 20 in the present embodiment is
a membrane filter having a membrane 207, preferably a
30 polymer membrane, for example made of inexpensive and
durable polyacrylonitrile. The liquid removed from the
mixed wastewater is therefore a permeate. The liquid
vessel 30 is therefore also termed hereinafter a
permeate tank 30. The permeate tank 30, in the present

35 example, has a capacity of about 200 liters.

Furthermore, in fig. 1, reservoir tanks 40 are shown in



5 During passage through the ultrafilter device 20, liquid or permeate is removed from the wastewater,
and is passed via the fluid removal line 203 into the permeate tank 30. The permeate can then, using a
pump 10 71, be removed from the permeate tank 30 via the liquid vessel exit 301 and made available via
the liquid use line 303 to a user. For example, the permeate can be returned to a semiconductor
processing device. For this purpose it can be necessary first to subject the 15 permeate to further
treatment steps. Preferablyr hewevVer,the permeatérg removedstem the liguig-ase liné 303 and, without
additional treatment, in pargisular withoyt further filtering, fed to,the semigarductor progessing process,
from which the fresrjl 20 wastewater ogi}ginates foIaeCXP(gnpleegS CMP pyocess. The filter activity in the

. : t :
ultrafilter device 20 is performegﬂoy a membrane 207 which is permeable to the permeate. In order to

avoid a filter cake forming on 25 the membrane 207 from the filter accretions, the membrane 207 must be
cleaned at regular tifhe imervals. Fig B iflstratédionthevasisof thediagrams offigedl the
implementation of suchra hackwasbnstepfoficleapingthe membrang 20éaner this putpose, the 30

permeate removed fram the permegte tank 30 using the pefpeate pump71 yiathe liquig yessel exit 301
is forced via the backwash line 205 in the reverse direction thro,uﬁgﬁh the membrane 20y in order to detach

reservolr, .tanks 4 the lati vessel . o . .
and flush out any abEr&tions Which have acéumﬁﬁateccijﬁffhere. e permeate which s contaminated with

the accretions is coRBact8d:vid e eltfafitter fedthlinet20 L fito #7S eifdGiatior ¥BEsel 40214 4 -
Fig.4illustratestheimplementatiohofa concentration stepsore thesbasisioeftthél didgranketfig.gl. The circuit of
the wastewater whighdS;ents crust formation of dry slurry on tank walls or

vessel walls. Otherwise there would be the risk that
dry slurry particles could pass back into the recycled
slurry and later cause serious scratches on the
15 semiconductor substrates processed in the semiconductor
processing process. Slurry that has been dried once

cannot be stabilized again.

The components of the recycling device cited here, and
20 further components thereof, are explained in more
detail hereinafter with reference to individual steps
of the recycling method. In the associated fig. 2 to
fig. 5, the most important active lines, that is to say
those through which flow passes, of the recycling
25 device are represented using broad lines and are
therefore emphasized against the remaining lines.
Furthermore, figs. 2 to 5 show the same features of the

recycling device as fig. 1.

30 Fig. 2 illustrates the implementation of a filtration
step on the basis of the diagram of fig. 1. Using a
fresh wastewater pump 73, fresh wastewater stored in
one of the reservoir tanks 40 1is introduced via the
wastewater feed line 101 into the circulation vessel

35 10. The feed of fresh wastewater proceeds continuously,
while mixed wastewater is pumped by the circulation
pump 70 out of the circulation vessel 10 via the mixed

wastewater removal line 105 and passed via the ultra



described hereinbefore in connection with fig. 2 5 between the circulation vessel 10 and the ultrafilter
device 20 is, furthermore, substantially maintained also during the concentration step. Therefore, in
addition, mixed wastewater is removed from the circulation vessel 10 via the mixed wastewater removal
10 line 105 and passed via the ultrafilter feed line 201Arough the ultrafilter device 20. From there,
concentrated wastewater is passed via the wastewater return line 103 into the circulation vessel 10. The
permeate removed from ¢me frixed Wastewatertihithedb wltrafilier devicet20 isdpassed via.the fluid

removal line 203 intprthe permeate tank 39, and fror there s previdednda thecligyid vessel exit 301 and
the liquid use line 30? far %urihcer use, 20 Howeyer, in contrast to the filtrggon step fresh wastewater is not
) . ultrarilteé evic % 15  pdsse v.Ia wastewater . ) .
passed into the circulation ves_seﬁ 10. The fres , Wastewater,pumé) 73 therefore remains inactive in this
phase of the recyclihgethad: Rstead, FowWevett 8nimenia (NMH3) froff the Rk védsel 50, 25 via one of
the NH3 lines 601, is added to the mixed wastewater in the mixed wastewater removal line 105. If the
NH3 vessel 50 is exhatisted, an N3 ceservobwassek b3 ensures the: supplyavithe AIH3. 0Ammonia acts as

agglomeration inhibjtor. and prevetsclumpingof the 30 solids.in thedmixed wastewater, the solids

concentration of which'in the cgncentratio}rg stetgjtincreases r%igly ?Wing tg (}Qe absence of the fresh slurry
o ;

wastewater. 35 Fig.l§’ illdstrates th\é]’l%pltémeen idn of g?m?ng step,llff(%mse on the Basid'of the diagram

of fig. 2. This step i®fifi&RtFafletthe Afixed Waskvater it thedircufstion Vess5el 16 hasBeen
concentrated by the’1 15kconeentration:step ihsuck anerapmet that the solids woncentration thereof

exceeds a predetermined highk¢encentratin thresbolgwaluenThe vacycling devigeiis mepitored by a
plurality of measuring glréstr%%en{% 72 5 which cgg]_goggpéﬁ&f%gw §%gsolgg,r§§égp&%ratégg sensors,

concentration sensors, moisture sensors and the like. The solids concentration is determined on the basis

of concentration meaSutiiySifstrinfentSangd a8 Convaredtif thé tottrot évice: (wWiich bt shown in the
figures) 10 with the higiresncehtrationthréshold sahse dnthefdiagramtof figs 60a sitirry dispensing
arrangement issschematicatly shawn. ltserves:for dispansiagithe recyeled slery rehichiig, taken out of 15

the circulation vessel,1Q.in.the filling step.shown indig. a.vig the dispgnsing line 107 5intostecycling slurry
vessels 82 providedltlhneerefog, O(%ptiogggy, th(%v r ngll%d S|léIlI’C% i% Previ?uslycsubjtectedcto ani%fter-treatment

. . . . 1 ona reatctmen
such as filtering via'one or more filter
particular without further filtering, fed to the

semiconductor processing process, from which the fresh

20 wastewater originates, for example a CMP process.

The filter activity in the ultrafilter device 20 1is
performed by a membrane 207 which is permeable to the
permeate. In order to avoid a filter cake forming on
25 the membrane 207 from the filter accretions, the
membrane 207 must be cleaned at regular time intervals.
Fig. 3 illustrates, on the basis of the diagram of fig.
1, the implementation of such a backwash step for
cleaning the membrane 207. For this purpose, the
30 permeate removed from the permeate tank 30 using the
permeate pump 71 wvia the 1ligquid vessel exit 301 1is
forced wvia the backwash 1line 205 in the reverse
direction through the membrane 207 in order to detach
and flush out any accretions which have accumulated
35 there. The permeate which is contaminated with the
accretions is conducted via the ultrafilter feed line

201 into the circulation vessel 10.



20 stages, for example. In the present case, the dispensing arrangement shown in fig. 6 comprises filters
83 of a first filter stage for removing particles having a particle size of at least 2 lam and also filters 84 of a
second filter stage for removing 25 particles having a particle size of at least 0.5 lam. Using valves 74, the
recycled slurry, after passing through the filters 83, 84! fs charged into the recycling slurry vessels 82.
There is also the 30 possibility, in the case of corresponding actuation of a concentrate pump 85 and the
valves 74, of passirigign the fecycledislarmyatiasan exith87 to angohwentrate wwastewater treatment. By

appropriately actuating the valves-/4, in-agdition, the particleisize of ther3d p@ﬂé@%ﬂrﬂ the dispensed
slurry can in addItIOE be cgntrolllerg |Ikerse op,tclonallﬁ/ th%lhgartlcleSte fer  whi
den5|tyandcomp05|t|o .These seﬁ;k)aarametersare controlled an monitored y means o an onflne analysis -

16 - device 89. The Gy disfensiigrarraRgément shdwn g 6 in 88ditidh tBmpfisés a%resh slurry
vessel 81 and an 5 leatry<R6 fot tkeionizethhwaterUsigsfresh slurrgrehdfdradeiorized water, and also
optionally using furtherr cbemicals, the recycted stursy 6an ha:pptimatly conditienad ferifuster use. Finally,

the recycling slurry yessels 82.each haye a nifrogen feed:line 88 in 10 order 1o eharge the, vessels 82 with
preferably moist nltro(%:

ion, mixed wastewater is removed from the
circulation vessel 10 via the mixed wastewater removal
10 line 105 and passed via the ultrafilter feed line 201
through the ultrafilter device 20. From there,
concentrated wastewater is passed via the wastewater
return line 103 into the circulation vessel 10. The
permeate removed from the mixed wastewater in the
15 ultrafilter device 20 is passed via the fluid removal
line 203 into the permeate tank 30, and from there is
provided via the liquid wvessel exit 301 and the liquid

use line 303 for further use.

20 However, 1in contrast to the filtration step, fresh
wastewater is not passed into the circulation vessel
10. The fresh wastewater pump 73 therefore remains
inactive in this ©phase of +the recycling method.
Instead, however, ammonia (NHs) from the NH; vessel 50,
25 via one of the NH; lines 601, is added to the mixed
wastewater in the mixed wastewater removal line 105. If
the NH; vessel 50 is exhausted, an NH; reservoir vessel
503 ensures the supply with NH3;. Ammonia acts as
agglomeration inhibitor and prevents clumping of the
30 solids in the mixed wastewater, the solids
concentration of which in the concentration step
increases rapidly owing to the absence of the fresh

slurry wastewater.

35 Fig. 5 1dillustrates the implementation of a filling
step, likewise on the basis of the diagram of fig. 2.
This step is initiated after the mixed wastewater in

the circulation vessel 10 has been concentrated by the



- 17 - List of reference signs: 10Circulation vessel 101Wastewater feed line 5 103Wastewater return line
105Mixed wastewater removal line 107Dispensing line 20Ultrafilter device 10201Ultrafilter feed line
203Fluid removal line 205Backwash line 207Membrane 15 30Liquid vessel (permeate tank) 301Liquid
vessel exit 303Liquid use line - 15 -

concentration step in such a manner that the solids
concentration thereof exceeds a predetermined high-
concentration threshold wvalue. The recycling device is
monitored by a plurality of measuring instruments 72
5 which can comprise flow sensors, temperature sensors,
concentration sensors, moisture sensors and the 1like.
The solids concentration is determined on the basis of
concentration measuring instruments and is compared in
the control device (which is not shown in the figures)

10 with the high-concentration threshold value.

In the diagram of fig. 6, a slurry dispensing
arrangement 1is schematically shown. It serves for
dispensing the recycled slurry, which 1is taken out of
15 the circulation wvessel 10 in the filling step shown in
fig. 5 wvia the dispensing 1line 107, 1into recycling
slurry vessels 82 provided therefor. Optionally, the
recycled slurry i1s previously subjected to an after-
treatment such as filtering via one or more filter
20 stages, for example. In the present case, the
dispensing arrangement shown in fig. 6 comprises
filters 83 of a first filter stage for removing
particles having a particle size of at least 2 pm and
also filters 84 of a second filter stage for removing

25 particles having a particle size of at least 0.5 pm.

Using wvalves 74, the recycled slurry, after passing
through the filters 83, 84, is charged into the
recycling slurry vessels 82. There is also the
30 possibility, in the case of corresponding actuation of
a concentrate pump 85 and the valves 74, of passing on
the recycled slurry via an exit 87 to a concentrate
wastewater treatment. By appropriately actuating the
valves 74, in addition, the particle size of the
35 particles in the dispensed slurry can 1in addition be
controlled, likewise, optionally, their particle
density and composition. These parameters are

controlled and monitored by means of an online analysis



40Reservoir tanks 2042Prefilters 50NH3 vessels 501NH3 line 503NH3 reservoir vessels 25 60N2
humidifier 601N2 lines 603N2 feed 30 70Circulation pump 71Permeate pump 72Measuring instruments

73Fresh wastewater pump 74Valves 35 81Fresh slurry vessel
— 16 —

device 89.

The slurry dispensing arrangement shown in fig. 6 in
addition comprises a fresh slurry vessel 81 and an
5 entry 86 for deionized water. Using fresh slurry and/or
deionized water, and also optionally using further
chemicals, the recycled slurry can be optimally
conditioned for further wuse. Finally, the recycling
slurry vessels 82 each have a nitrogen feed line 88 in
10 order to charge the vessels 82 with preferably moist

nitrogen.



82Recycling slurry vessel 83Filters of first filter stage - 18 - 84Filters of second filter stage 85Concentrate
pump 86Entry for deionized water 87EXxit for concentrate wastewater treatment 5 88Nitrogen feed line
890nline analysis device - 19 - Patent claims: 1. A recycling method for slurry wastewater from a
semiconductor processing process, in particular 5fromld chemical-mechanical polishing process,

List of reference signs:

10 Circulation vessel
101 Wastewater feed line
5 103 Wastewater return line
105 Mixed wastewater removal line
107 Dispensing line

20 Ultrafilter device

10 201 Ultrafilter feed line
203 Fluid removal line
205 Backwash line
207 Membrane

15 30 Liquid vessel (permeate tank)

301 Liquid vessel exit
303 Liquid use line
40 Reservoir tanks

20 42 Prefilters

50 NH; vessels

501 NH3; line

503 NH; reservoir vessels
25

60 N, humidifier

601 N, lines

603 N, feed

30 70 Circulation pump

71 Permeate pump
72 Measuring instruments
73 Fresh wastewater pump

74 Valves
35
81 Fresh slurry vessel
82 Recycling slurry vessel

83 Filters of first filter stage



comprising the following process steps: a filtration step in which fresh slurry- containing wastewater is
continuously fed to a circulation vessel (10), while mixed wastewater 10 is continuously removed from
the circulation vessel (10), the mixed wastewater that is removed is passed through an ultrafilter device
(20) and concentrated thereby by fluid removal to obtdif concentrated wastewater and the 15
concentrated wastewater is passed into the circulation vessel (10) and mixes with the contents of the
circulation vessel (19 in dardéer torebtain tke onixed viastewatenand 20a concentration step following the
filtration step in timeygn whightbefeed of thefresh wastewater to the circulation vessel (10) is decreased
or is substantially s}g%t oﬁ,Evr\{Q;_l% r@ig)(](_gd O\[/gal%tre]:gvzaetgr iv§a(%oer]1rtinuously removed from 25 the circulation
vessel (10), the mixed wastewater that Is removed is passed through the ultrafilter device (20) and
concentrated therelSy by fftfd Ferhdbar S 66t %Bﬁc@ﬁﬁé?éﬁaﬁ/%]étg\hﬁf%?fnﬁﬁﬁ the concentrated
wastewater is 30padSed intotthexsircufatioh veéssel (10). 2. The recycling method as claimed in claim 1,
characterized in thag the mixedwastewater kermeveddrom the circulation vessel (10) is passed through
35 a membrane-based ultrafilter device and concentrated thereby by removal of a permeate to obtain
concentrated wastewater. - 20 -



3.The recycling method as claimed in claim 1 or 2, characterized in that the concentration step is carried
out immediately after the filtration step. 5 4.The recycling method as claimed in any one of the preceding
claims,characterized in that the concentration step is introduced when a solids concentration in the
circulation vessel(10) exceedsapredeterminedlow-cont&ntration 10threshold value. 5. The recycling
method as claimed in any one of the preceding claims,characterized in that the concentration step
comprises a contintreussadditivpnil® of an agglomeration inhibitor to the mixed wastewater removed from
the circulation vessel (10). 6. The recycling method as claimed in any one of the 20preceding claims,
characterized in that, duri@g Rassage, '[rtgoungehctrpe uItEafiIterSgg\r/ice, Ii%iqer%ran@é/red yggpnthg mixed

.. . re [®) . r was .
wastewater is introduced into aﬁ uid vessel and ?’rom ,tﬂere is fed to the semiconductor processing
process. 25

semiconductor processing process, in particular
5 from a chemical-mechanical polishing process,
comprising the following process steps:

- a filtration step in which fresh slurry-
containing wastewater 1s continuously fed to a
circulation vessel (10), while mixed wastewater

10 is continuously removed from the circulation
vessel (10), the mixed wastewater that 1is
removed 1is passed through an ultrafilter device
(20) and concentrated thereby by fluid removal
to obtain concentrated wastewater and the

15 concentrated wastewater 1is passed into the
circulation wvessel (10) and mixes with the
contents of the circulation vessel (10) in
order to obtain the mixed wastewater;
and

20 - a concentration step following the filtration
step in time, in which the feed of the fresh
wastewater to the circulation wvessel (10) 1is
decreased or 1is substantially shut off, while
mixed wastewater 1is continuously removed from

25 the circulation vessel (10), the mixed
wastewater that 1s removed 1is passed through
the wultrafilter device (20) and concentrated
thereby by fluid removal to obtain concentrated
wastewater, and the concentrated wastewater 1is

30 passed into the circulation vessel (10).

2. The recycling method as claimed in claim 1,
characterized in that the mixed wastewater removed
from the circulation vessel (10) is passed through

35 a membrane-based ultrafilter device and
concentrated thereby by removal of a permeate to

obtain concentrated wastewater.



7. The recycling method as claimed in any one of the preceding claims, characterized in that a ratio
between a concentration time period during which the concentration step is carried out and a 30 filtration
time period during which the filtration step is carried out is less than about 5%, preferably less than about
3%. 8. The recycling method as claimed in any oneof4he-35 preceding claims, characterized in that the
concentration step is carried out until a solids concentration in the circulation vessel (10)
exceedsapredeterniinedhigheconsentration -r2dththieshold Values dvhereupen,nin a filingstep following

later in time, the mixed wagtewaterds removed fremithe eireulationvessel {10} assegycling slurry. 5 9.

The recycling method as c:clgi]_[r]}fei% ép any oinfmggtlrlaetgrlecedﬁ% clatiwes,crhalrg](_;gecrizgrg igttgat the wastewater,
the mixed wastewater, the concentrated wastewater, tlyﬂleallqw removed from the mixed 10 wastewater by
the ultrafilter device and/or the recycling slurry are conducted and/or stored substantially metal-free. 10.
The recycling methdd as dlaimect ity any onettstithed 5aprecédintedlainns, aharacterizéd imthat the mixed

wastewater is blanketed witheinesitigas indbe circulationaesset (li®)ed 1. The reeyeling method as claimed

in any one of the concentration step is introduced when a solids
concentration in the <circulation vessel (10)
exceeds a predetermined low—concentration
10 threshold value.
5. The recycling method as claimed in any one of the

preceding claims, characterized in that the
concentration step comprises a continuous addition
15 of an agglomeration inhibitor to the mixed

wastewater removed from the circulation vessel

(10) .
6. The recycling method as claimed in any one of the
20 preceding claims, characterized in that, during

passage through the wultrafilter device, liquid
removed from the mixed wastewater 1is introduced
into a liquid vessel and from there is fed to the
semiconductor processing process.
25
7. The recycling method as claimed in any one of the
preceding claims, characterized in that a ratio
between a concentration time period during which
the concentration step is carried out and a
30 filtration time period during which the filtration
step 1is carried out 1is less than about 5%,

preferably less than about 3%.

8. The recycling method as claimed in any one of the

35 preceding claims, characterized in that the
concentration step is carried out until a solids
concentration in the circulation vessel (10)

exceeds a predetermined high-concentration



20 preceding claims, characterized by regularly introduced backwash steps, in which, on passage through
the ultrafilter device, liquid removed from the wastewater is passed in the reverse direction through the
ultrafilter device for 25detaching filter membrane accretions. 12. A recycling device for recycling slurry
wastewater from a semiconductor processing processzih particular from a chemical-mechanical polishing
30process, comprising: a circulation vessel (10) for receiving slurry-containing wastewater; a wastewater
feed line (101) connected td thelcirtalaticnl vessel {h8);85can ultiafiltex defide copnesteebvia an ultra-
filter feed line (201) to the circulationyvessel (103 forconcentratingsmixed wastewatee sontinuously

removed from the circulatiog =225 vetsrsgIln(lo hbé’ means of E1:1I%Jild removasl'sﬁwa?@(y\{atera return line (105)

for passing the concentrated \ v(\)/ggt,ewater into the circulation vessel (18)6; an
recycling slurry.
5
9. The recycling method as claimed in any one of the
preceding claims, characterized in that the
wastewater, the mixed wastewater, the concentrated
wastewater, the 1liquid removed from the mixed
10 wastewater by the ultrafilter device and/or the
recycling slurry are conducted and/or stored

substantially metal-free.

10. The recycling method as claimed in any one of the
15 preceding claims, characterized in that the mixed
wastewater 1s Dblanketed with inert gas 1in the

circulation vessel (10).

11. The recycling method as claimed in any one of the

20 preceding claims, characterized by regularly
introduced backwash steps, in which, on passage

through the wultrafilter device, 1liquid removed

from the wastewater is passed 1in the reverse
direction through the wultrafilter device for

25 detaching filter membrane accretions.

12. A recycling device for recycling slurry wastewater
from a semiconductor processing process, in
particular from a chemical-mechanical polishing

30 process, comprising:
- a circulation vessel (10) for receiving slurry-
containing wastewater;
— a wastewater feed line (101) connected to the
circulation vessel (10);
35 - an ultrafilter device connected via an ultra-
filter feed 1line (201) to the circulation
vessel (10) for concentrating mixed wastewater

continuously removed from the circulation



5- a control device which is constructed to carry out after one another in time a filtration step, in which,
during a continuous removal of mixed wastewater from the circulation vessel (10) and concentration
thereof by the 10 ultrafilter device, fresh wastewater is continuously fed to the circulation vessel (10), and
a concentration step, in which, during the continuous removal of mixed wastewater from the circulation
vessel (10) and 15 concentration thereof by the ultrafilter device, the feed of the fresh wastewater to the
circulation vessel (10) is reduced o¢ Sulbstantialystrt ofof fluid removal;

- a wastewater return line (105) for passing the
concentrated wastewater 1into the «circulation
vessel (10); and

5 - a control device which is constructed to carry
out after one another in time a filtration
step, in which, during a continuous removal of
mixed wastewater from the circulation vessel
(10) and concentration thereof by the

10 ultrafilter device, fresh wastewater is
continuously fed to the circulation wvessel
(10), and a concentration step, in which,
during the continuous removal of mixed
wastewater from the circulation vessel (10) and
15 concentration thereof by the ultrafilter
device, the feed of the fresh wastewater to the
circulation vessel (10) is reduced or

substantially shut off.



