Method for polishing a semiconductor wafer The invention relates to a method for the double-side
polishing of a semiconductor wafer. The prior art discloses the polishing of both sides of a
semiconductor wafer by means of a polishing pad with supply of a polishing agent as stock removal
polishing (DSP step), and in the other case the finak paolishing only of the front side ("component side")
using a softer polishing pad as so-called haze-free polishing (CMP step, "finishing"), but also new
so-called "fixed abrasivégighistinge{F R} tethhntb gie ssemdvhiukdhe temivgdductor wafer is polished
on a polishing pad which contains, however, an abrasive material bonded in the polishing pad
("fixed-abrasive pad.). A polishing step in which such aQrJ_EAdI? ppli§hin%ga%g§ useedniss.lrﬁferred to
hereinafter forshortas’ EAP St&p. WOYdi554-91 Al descAibss a fwo-stage polishing method,
comprising a first EAPipdlishihgesteprandansusseuerie §&dond CMP polishing step. In the case of
CMP, the polishing pad contains no bonded abrasive material. In this case, as in the case of a DSP
step, abrasive material is introduced in the form of a slurry between the semiconductor wafer and the
polishing pad.@uechpd: fv%—s%%d% p%ﬂgﬁ%a Srﬁgthé%les l?soeﬂxiﬁnplar%ﬁcu?é’r tg ® |fnin%7téEij es%:ra%ém‘;'ues left by
the FAP step 6n ffepaiRhedsurface of fie Stbstiaa: PPof 787 DOT A isi6Fe BRAMpIE ' the fact that
PAP steps aresalsg 1ged wvhenpelishing semiconductos watess whichnhave natyet siad-any

component stryﬁggess Icorm)ed on theit surface. During the polishing offilﬁghs%giggggliggr wafers, it is

primarily important to prgguLée at least one lateral sqrjace which is particularly’planar and which has a
minimal microfStighness and*Randtepbgraphy-s 2 { UST2i60609967-Al relatés 16 EMP methods for
leveling topogeaphie surfaces ghuting thesproductien of-elettranic: eampdnents pEHE printagy endeavor is

to alleviate the digadvantage ef:qomparatively low rsmaval rates ywhen using EAP pelishing pads. A
sequence of polishing steps is proposed wherein polishing is effected firstly ustli%ng an FAP pad in
i

conjunction wittPa potiERindPAdert shitdy and-<tibsequantly Usmg aT FAP Bad it Conjuir&tfon with a
polishing agentsolutiondircthis-case, the order optheistepsiis chosen irpa tdrgeted mar@r in order to

increase the remowval ratg, The-polishingof wafers-compased.of atedal having afwimageneous
composition, e.gf. silicon wafers, is not di glgsed _ergip. WO 03/07 2%8 Ah togéwg%\g{i_ise discloses a
method for levelifig fpograpti®surfates duriiy the Brodiiction of efectronic components: In this case,
the central poiatefthd. inveritibhlis the @nhdpdint Fédogmiien iEMP raéthodss AZ&Eknowd, endpoint

recognition invelvesending the,pelishingrand hepee the material remoyakip a timely fashion before
regions are removed which are specifically not intended to be polished. A two-stage method for
polishing a copper layer is proposed for this purpose. In the first step, polishing is effected using an

PAP polishing¥ad 2Whafdi thegolishingagent & two-stage polishing method,
comprising a first FAP polishing step and a subseguent
second CMP polishing step. In the case of CMP, the
polishing pad contains ne bonded abrasive materiail. In
this case, as in the case of a DSP step, abrasive
material is introduced in the form of a slurry between
the semiconductor wafer and the polishing pad. Such a
two-stage polishing method 1s used in particular to
eliminate scratches left by the FAP step on the

polished surface of the substrate.

BEP 1 717 001 Al is one example of the Zfact that FAP
steps are aliso used when pclishing semiconductor wafers
which have not yet had any component structures Iformed
on  their surface. During the pelishing o©of such
semiconductor wafers, it 1is primarily important to
produce at least one lateral surface which is
particularly planar and which has a minimadl

microroughness and nanotopography.



polishing is likewise effected using an FAP pad, the use of a polishing agent with free abrasive
particles is, in contrast, essential. DE 102 007 035 266 Al describes a method for polishing a substrate
composed of semiconductor material, comprising two polishing steps.of the FRP type, which differ in
that, in one polishing step, a polishing agent slurry céntaining non-bonded abrasive material as a solid
is introduced between the substrate and the - 3 - polishing pad, while in the second polishing step the
polishing agentshirpy isireplacedibyza. palishigeagent saMtorriat isfeeef ofrsalidseThengonventional
polishing meth&gjg@g}g ticular the, DSP-palishing, Jegd to an.ynfavorable.edge symmetry, in particular

to a so-called "edge roll-off", that is to say to an edge décrease relative to the thickness of the
semiconductof wafdr: i pRncifM B SSmicondutor waferSare preSied Wit the did of & polishing
head with thein [ateral suefacénto b pelished:-against the polishirg pae Iying on argolishing plate. A

polishing head.glsg.includes a ﬁ%tgmir ringe which eagloses the substrate latgrallyand grevents it from
sliding off the polls,hing head during t e,polishlnrg. Therefore, in order toﬁg])r(ir\]/,eq&the transverse forces
which occur difirg e Blishgrom pushing The Wafst frofi fie polishing tieat!: tive wafers are held

in position by sudteretaifief fings. IThese dewices aré Wesakbedina/aribus Paiénms (WS6293 85021; US
6033292; EP %Qﬁ%%g U§g5§4‘é5@urry and subsegquently using an FAP
pad in conjunction with a polishing agent sclution. In
this <case, the order of the steps is chosen in a
targeted manner in order to increase the removal rate.
The polishing of wafers composed of material having a
homogeneocus composition, e.g. silicon wafers, is not

disclcsed therein.

WO 03/074228 Al, tco, likewise discleoses a method for
leveling topographic surfaces during the production of
electronic components. In this case, the central point
of the invention is the endpoint recogniticn in CMP
methods. As is known, endpoint recognition involves
ending the polishing and hence the material removal in
a2 timely fashion before regicns are removed which are
specifically not intended to be polished. A two-stage
method for polishing a copper layer i1s proposed Ior
this purpose. In the first step, polishing is effected
using an FAP polishing pad, wherein the polishing agent
optionally does or deoes not contain free abrasive
particies. In the second polishing step, in which
polishing 1s likewise effected using an FAP pad, the
use of a pelishing agent with free abrasive particiles

is, in contrast, sssentlal.

DE 102 007 035 266 Al describes a method for polishing
a substrate composed  of semiconductor material,
comprising two polishing steps of the FAP type, which
differ 4in that, in one polishing step, a polishing
agent slurry containing non-bonded abrasive material as

a sciid i1s introduced between the substrate and the



The retainer rings are pressed more or less firmly onto the polishing pad. In modern polishing heads,
that lateral surface of the semiconductor wafer which is remote from the-polishing pad bears on an
elastic membrane which transmits the polishing pressure exerted. The membrane is part of a chamber
system, subdivided if appropriate, which can form-a gas or liquid cushion (membrane carrier, zone
carrier). -4 pressure can be applied to them separately from one another. The polishing pressure is
finally transmitied tostherrear-side of.a supportplatesiaselasticibeasingsstirfages oéthetfressure
chambers to which. pressure_is applied. This applies,] ple to.th Itj-p! iIshing machine
AMAT Reflecti][cg)ﬁcjprlosrrﬂ1 %%Iigg ﬁ%ﬁe%ﬁ'@%%,%hiﬁ“%ﬁ%%%ge& F?—zgr%gl%n%?ln%t%r% céa%r“ier with a
differently adjuseasié préssuré prdfite fidthe thsé 9t BEP and CMP, the substrate is polished with
supply of a polishing agent between the substrate and the polishing pad and with rotation of the

polishing headand the, polishing plate..Ihe German application - not previpusly;published - bearing
the file reference 102008053610.5 discloses a method for the double-side polishing of a

semiconductor{F&feP Comipridig theflowih g Ste e rPtha Rated order &)polishing of &'rear side of
the semicondugtorwiatel em apolishirgepadwhich cbatairs arabrasie' matefiat borded in the

polishing pad, wherein,a polishing-agent-selytian that isifree-of sglids s intripduged between the rear
side of the semiconductor wafer and the%)plighing pad during the polishing step; b) stock removal
polishing of the-fiant&le oF e Semicoldtictor wafer on a polishing pad which contains an abrasive

material bonded in the polishing pad, wherein a polishing agent solution that is free solids is introduced

between the frant side g semiconducteyavaler and the polishing pad €uripg pokishing step; c)

removal of the microrqu h(glgss fromlt:tgg front s'%JIEe oé the semiconductor wafer-by palishing of the front

side of the semiconductor wafear o a po |$lﬁ1|ﬁg pad, wherein a po |s]:hirTg agent slurry containing
abrasive materfdls isintroduced fstwesitiesfronidide di®He shing pad lying on a

polishing plate.

A polishing head also includes a retainer ring, which
encloses the substrate laterally and prevents 1t from
sliding off the polishing head during the polishing.
Therefore, in order tTo prevent the transverse Zforces
whiéh occur during the polishing from pushing the wafer
from the polishing head, the wafers are held Iin
nosition by such retainer rings. These devices are
described  in  various  patents  (US 6293  850B1;
US 6033292; EP 1029633R1; US 3944590).

The retainer rings are pressed more cor less firmly onto

the polishing pad.

In modern polishing heads, that lateral surface of the
semicenductor wafer which is remote from the polishing
pad bears on an elastic membrane which transmits the
polishing pressure exerted. The membrane 1s part of a
chamber system, subdivided i1f appropriate, which can

form & gas or liguid cushion (membrane carrier, zone

carrier).
The pressure chanbers ars preferably arranged
concentrically or in segmented fashion, and a specific



5 semiconductor wafer and the polishing pad during the polishing step; d) final polishing of the front
side of the semiconductor wafer by polishing of the front side of the semiconductor wafer on a
polishing pad which contains no abrasive material bonded in the polishing pad, wherein a polishing
agent slurry containing abrasive materials is introduded between the front side of the semiconductor
wafer and the polishing pad during the polishing step. Steps a) and b) of this method are FAP
polishing stepg.rStep)£aratso be carsied o inthe fotreof arebAPalishing step, thakis to say

using a pO'ishwﬁk&Bf?e%qmefg%'n%ﬂﬁg%999%@%@@%8-@6@9&%gzypi%f%ﬁa pelishing step.

This method makes it possible to improve the hanotopography of the semiconductor wafer and the

edge geometry thersf, THeDSP e bréviditinthe griof aft canhe dhviared. Bftdedrehing for a
further improvemefit irethe efigetgeomestiysofthe samitondsictor wafersipolistessactordifag to this

method, the inygniors haveriecognized that, p@ggculgmﬁt@@ case of EAP polishingisteps using
comparatively hard and stiff FAP po;isging pads, the Etolies Li:rl?%machine%and wa}%)r I*iologgg systems
usually used ar& - part tsadvamtagebus. T i5 duetothe FadtHHat the'tvard FAE %oﬁs‘hlng pads
scarcely "yield¥zite: réadtsonly Imalequately i presstpe frofFoutsided (piessureit AMATS- zone
carrier, retainet fing;contagtregsurey.sthis gave risg 10 the stated objeetetthepresent.invention. In a
first aspect of the invention, there is provided a method for

In the case of D3P and CMP, the substrate is polished

with supply of a polishing agent between the substrate

and the ©polishing pad and with rotation of the

polishing head and the polishing plate.

The German application - not previcusly published -
bearing the file reference 102008053610.5 discleoses a
methoed for the double-side polishing c¢f a semiconductor
wafer, comprising the following steps in the stated
order:

a) polishing of a rear side of the semiconductor wafer
on a polishing pad which contains an abrasive material
bonded in the polishing pad, wherein a polishing agent
solution that is free of sclids 1s introduced between
the rear side of the semiconductor wafer and the
polishing pad during the polishing step;

b) stock removal pelishing of the front side of the
semiconducter wafer on a polishing pad which contains
an abrasive material bonded in the polishing pad,
wherein a polishing agent sclution that is free of
solids is introduced between the front side of the
semiconductor wafer and the polishing pad during the
polishing step:

c) removal of the microroughness from the front side of
the semiconductor wafer by polishing of the front side
of the semiconductor wafer on a polishing pad, wherein
a polishing agent slurry containing abrasive materials

is introduced between the front side of the



6 polishing of a semiconductor wafer, comprising polishing of one side of the semiconductor wafer by
means of a polishing pad which is fixed on a polishing plate and which contains fixedly bonded
abrasive materials, while a polishing agent is introtluced between that side of the semiconductor wafer
which is te &eipatisbed and the:polshingpad, whereinpibesemisendygiar wafer isibeld gheing the
polishing Bééfl%%f astagkgli;ng system, which is fixed on a carrier and which comprises a lined cutout
of the sizé of the semiconductor wafer to be received, in the cutout bémeans of adhesion by the side

that is nottb b&iF¥lish&P ahefthBTafifer SGuidetPitich H&Eh& SerhiedndiritdiRaREr & mBorarily
projects witihfa parbpf itscduirédcinigeyofid tiieesuffacaof thiedeolisiing pad daring:thedpalishing. In a

second agpeel of thernvention, iherg 4s,provided a methed forthe doyble-side palighing ota
semiconductor wafa:, %om rising the fol ow?ﬁ] steps in the stated order; a) polishing of a rear side of
A RPE THear A

the semicBREGEDF of 3ok AHWHRAs fiYeE bR EpofisHity Rt BAd which
contains fixeeiiycbonded abrasive raaterials, aieremiy polishingaigehs solution that isifree df solids is

introduced defween thadeanside olthesericopductarwatessadhe polishing-pad,during.the

polishing s% 9 k}} .sr'%ock ge&n%\{lq}]pr?lishgg oféti%ggn%sidegf the semiconductor wafer by means of a
polishing pa Which s fixed on a p isﬁlng ﬁate And-Which Contains fixedly bonded abrasive materials,
wherein a polishing agent solution that is free of solids is introduced between the front side of the '

semicondgetgssvatey aaghtheypolishingtpackduriag el palisbing stepp ) ieneval oktheps .
microrougorp s frgm ggznfrogigige 8Eth%]§%@i0é)§d% Qr Wﬂ]‘ler PM @0@8!}}% 0(1; tIhe frﬁ)ntﬂ e of the
semiconductor wafer by means of a polishing pad 7 which'is fixed on a polishing Slate, wherein a

polishing Bgértldi§ cotdiRing dbtaSivelfiatetils faHtrodddétPbefvediPthesiomSid@afithe
semiconductgr wiadenandttirespilighihg paedusbg dwe pelishingtztep; &) fidal palishingiefdbe front side
of the sermgandGoLWalRs RyrRAlishing of the front side of the semiconductor wafer by means of a

d which is fixed agn a polishing plate and which contains no abrasive material bonded in the

polishing
polishing gga,’?’wﬁ‘&%ﬂ?g pBisHiRg Jabeﬁf% gr]ryjc%nt%\ﬂﬂiﬁﬁlﬁﬁ%%ﬁe%ﬁté?ﬁﬁngﬁ?m between the
front side ®f thelsenficondueishwsfer and: fwerpalishing pad dddieg thepotishing steprect . ‘

The DSP step provided in the prior art can be ocbviated.

On searching for a further improvement in the edge geometry
of the semiconductor wafers polished according to this
method, the inventors have recognized that, particularly in
the case of FAP pclishing steps using comparatively hard
and stiff FAP polishing pads, the polishing machines and
wafer holding systems usually usead are in part
disadvantageous. This is due to the fact that the hard FAP
polishing pads scarcely "yield", i.e. react only
inadequately to pressure from outside (pressure in AMAT 5-

zZzone carrier, retainer ring contact pressure).

This < gave 1rise to the stated object of the present

invention.

In a first aspect of the invention, there i1is provided a

method for



wherein the semiconductor wafer, at least during steps a) to c), is held by means of a holding system,
which is fixed on a carrier and which comprises a lined cutout of the size of the semiconductor wafer to
be received, in the cutout by means of adhesion By the side that is not to be polished, and the carrier
is guided suth thatithe semicopducioondigrdemposddy projestip it apapsf itsisurdace beyond the

surface of e palishing 3t rnghe Aolshing, Sy blcing SYSISIDS DaViDg GutaULs or eceving a

semiconductor wafer are also referred to as templates. Embodiments _of the invention provide for
carrying R Pol€htdiby fhebhE ot pBisHinPFadsSEoMBriditG fife iy BoftEF BorasivEg & polishing
machine Witk @Carriéraystein nlithasstemplate andiwdrkpiesk £XeursiopoPiefaraldy, theseaiitout in the

template isdelimited -2 gng, i which the semicopducter wafer isdield and, guided. flomaver, in
contrast to,conventional retainer rings, this HI‘]%IS not pressed a%%';:St the polishing, pad with a contact

pressure. Tofebver tHehdifing SYSEhT ComBHsds o BiRssire-cianifsts wHESevRr {0 Svhich
pressure BeapplieddThs objeceéamot be heflidvedowitimgudhiisolding sybtents. Mpreowvenshe

semicondygtos wakerds Agt eerpeated qpte the helding.sygtesy, byt atherihald by meansof adhesion.
That side of the semicondL{f:tor vgafer \Q/hich is te C}tle from thed%oli%?ling ad is gre&er (Iy held pad or
COMmprlsSes 1 cutout o = LZe =3 emiconauc r
on a bearing Sirtace. This pagebeat g sTrtace s often alsd¥efefred to pad.
wafer to be received, in the cutout by means of adhesgion by

the side that is not to be polished, and the carrier is
guided such that the semiconductor wafer temporarily
projects with a part of its surface beyond the surface of

the polishing pad during the polishing.

In a second aspect of the invention, there ig provided a
method for the double-side polishing of a semiconductor
wafer, comprising the following steps in the stated order:
a) polishing of a rear side of the semiconductor wafer by
means of a polishing pad which is fixed on a pclishing
plate and which contains fixedly bonded abrasive materials,
wherein a polishing agent solution that is free of solids
is introduced between the rear side of the sgsemiconductor
wafer and the polishing pad during the polishing step;

b} stock removal polishing of the £front side of the
semiconductor wafer by means of a polishing pad which is
fixed on a polishing plate and which contains fixedly
bonded abrasive materials, wherein a polishing agent
solution that is free of solids is introduced between the
front side of the semiconductor wafer and the polishing pad
during the polishing step;

c) removal of the microroughness from the front side of the
gsemiconductor wafer by polishing of the front side of the

semiconductor wafer by means of a polishing pad



on a support forming the as a backing description that now follows. Therefore, that side of the
semiconductor wafer which is not to be polished preferably does not bear directly on the template or
the lower surface of the cutout in the template, but rather on a separate pad with which the cutout in
the templateiistineids InSteartiof arpad, the sufacagf théautqut intthedermplateab; shdowyse, also be

coated willyg suitabie aterialofush hetghe e dhafshalthe employed n this, casas.a backing pad

layer, rather than a p eover the_template can be composed of one material and the surface of

the templ&fet Bgﬁﬁuﬁgﬁw ke BF tife & out Ban TSR ER BTG ly BrotEsseldthi@Fesulting in
the desirgelgropbities afate dvackisy phd" husstemglatcamnd backing pad can also be composed of

one and the samgJmatgraland be; carfigurad i ppgpieseaSuitable-mategials:for tplatgs and
backing pad are e éplalmid bglow Preffera}tl)é/ ?e hq:ldln ggste |sthed on a suggortflate or carrier

baseplate Which h anar concave of partlcu%rly pre erabfil a conveX FOrmT
connecte##d e d@}fshrh@aﬁ’é"ad.glﬂwlsarn@%%ﬂtﬁla‘ilﬁﬁ@rew% dittarencelrelafivecestheprior art, in

which thegaeadirdne; capriers ezonggarrigrsan& kikewise applied onsgielssupporplates.afihe entire
support 8cgjﬁtgc§:arlgas@hge %alsls%lﬁ dfg)a[gthe é @h machlnelslusckr%that the mountlng of the

holding system on the support plate can ta lace outsi e poiashﬁg maching w%?c% IS preferred.
The suppBr'H&te |§8ﬁ‘§r?é%b%feﬁ]@ﬁ%8 HeehRAGRG pate”. Fie déﬁﬁﬁéﬁﬁ?dpo@ﬁét‘*’%eﬁqso

customaryfer thecotouts itethe femplatesmiconductor wafer and the polishing
pad during the polishing step;
wherein the semiconductor wafer, at least during steps a)
to ¢), is held by means of a holding system, which is fixed
on a carrier and which comprises a lined cutout of the size
of the semiconductor wafer to be received, in the cutout by
means of adhesion by the side that is not to be polished,
and the carrier is guided such that the sgemiconductor wafer
temporarily projects with a part of its surface beyond the

surface of the polishing pad during the polishing.

Such helding systems having cutouts for receiving a
semiconductor wafer are also referred to as templates.

Embodiments of the invention provide for carrying out
pclishing by means of polishing pads comprising fixedly
bonded abrasives in a polishing machine with a carrier

system with a template and workpiece excursion.

Preferably, the cutout in the template is delimited by a
ring in which the semiconductor wafer is held and guided.
However, in contrast to conventional retainer rings, this
ring 1is not pressed against the polishing pad with a
contact pregsure. Moreover, the holding system compriseg no
pressure chambers whatsoever to



Accordingly, the depth of the cutout is often specified as pocket depth. it essentially corresponds to a
thickness of the ring preferably surrounding the cutout. Suitable templates are-disclosed for example
JP2003188126, JP2003188127, 035267418 and US5549511. There are commercially available
templates for single-side polishing machines whick, depending on the application, are composed of
different materials and are present with different sizes and are equipped with different pocket depths,

for example from Zaromicrn(e) ng. orsfrom B Hoffman orftom Nagase & Ga.litd:By way of
example, it is possible to produce templates from epoxy-resin-reinforced fiberglass or from

polyethylene tétephihaiite {PET) STHé tdHiplate dar B tr-ﬁg?e"nt in porous or non-porous form. The

backing pad of the template or the template itself preferably comprises a pressure-sensitive adhesive

(PSA). accordingto-Shoere A-nkheRgAdayer candie apptied tq said polyssetbanecPreferably, the

backing pad material 5 \il cous and elastic. Furt.hcermgg%ﬂg farqchiac{ acp Iatemor %olyacr¥late resins,
y

acrylic rubber,% fen -%asé&?esiﬁggﬁgﬁlés p%i‘ystyrene-oo isopréne-polystyrene SISSJbIock

copolymers, n&t@fs} #dister with resin compositions are suitable as backing pad material.

That side of the ssmiconductor wafer which 1is remote
from the polishing pad is preferably held on a support
pad or on a bearing surifiace. This pad £forming the
bearing surface is often also referred to as a backing
pad. This designation will alsc be used in the
description that now follows. Therefore, that side of
the semiconductor wafer which is not toc be polished
preferably does not bear directly on the template or
the lower surface of the cutout in the template, but
rather on a separate pad with which the cutout in the
template is lined. Instead of a pad, the surface of the
cutout in the template can, cf course, alsc be coated
with a suitable material, such that the term that shall
be employed in this case 1s a backing pad layexr, rather
than a pad. Moreover, the template can be composed of
one material and the surface of the template, in
particular the  surface cf the cutout, can  be
correspondingly processed, thus resulting in the
desired properties of the "backing pad". Thus, template
and backing pad can also be composed o©of one and the
same material and be configured in one piece. Sultable
materials for templates and backing pads are explained

baelow,

Preferably, the holding system is fixed on a support
plate or carrier baseplate, which has a planar, cocncave
or particularly preferably a convex form and which is
connected to the polishing head. This means that there
is nc difference relative to the pricr art, in which
the membrane <carriers, zone carriers are likewise

applied on such support plates. The entire support



Mixtures containing a thermoplastic elastomer such as styrene block copolymers,
polystyrene-poly(ethylene/butylene)-polystyrene (S-EB-S) or S-1-S block copolymers, and a polar,
hydrophilic resin such as polyvinyl alkyl ether, polyvinylpyrrolidone, polyethyloxazolidine, polyvinyl
alcohol or polyacrylic acid copolymer, natural resir o natural resin esters or esters of polymerized
natural resins are furthermore suitable. A template having a smooth or rough surface can be chosen

as required. The templatg preferably:has.a retaingrsdagwhich surrgunds the cutoutdn the template
and encloses the semiconductor \ﬁa er. This involyes a tyés‘.)g of retaiﬂeg rinég which holds the
semiconductorYFarer it p3&ition ana presses it fiore BF 1635 ity oiits tHe Pofishing pad in order to

prevent the tranbeersefmees which-eccor durindg polishirefrom pusigthe semidoiduetor wafer from
the polishing hgadr.as desgnibed-in US £293850 &4 US6033292, &R 1029633 Akorlgs5H944590, but

without provision of a retainer ring contact,pressure as in the prior art. As already mentioned above,
N 9 respule as N ine

. . rereryre a8 I L . . . .
carriers which fiavé pressure chambers which are grrgnged“concentrlcally or in segmented fashion

and to which pressure is applied, and which transmit said pressure to the rear side of the support plate
via elastic bearing suffages 0f theopresspea-chambets; are not permitteshtorbe used. Thademplate is
preferably fitteg: n tggscag};rrilert%aese%%%in%g%h a way that it can easily be exchanged. Preferably, it is
adhesively bon ed onto the carrier bas pffstte. For this purpose, the template preferably comprises a
self-adhesive layer. The semiconductor wafer is held on the backing pad by means of adhesion. In this
case, depending:on the hatkipng pad usedtit mdy hénecessarny far the Suraces pkthediasking pad on

which the semicondugtor. water js beld to be.moist _The backing pad Js piferably moistened with
deionized water, Thé backing pad'is preferably treated with a'brush after moistening, e.g. with a brush

composed of nyfore [fcis dtrade e fornthfiE fibErLdomp et ot Blyaifide -

cutout.

Suitable templiates are discleosed for example in
Jp2003188126, JP2003188127, USL267418 and US5549511.

There are commercizlly available templates for single-
side polishing machines which, depending on the
application, are composed cof different materials and
are pressnt with different sizes and are eguipped with
different pocket depths, for example from Zeromicron®

Inc. or from PR Hoffman or from Nagase & Co. Ltd.

By way of example, 1T 1s possible fto produce templates
from epoxy-resin-reinforced fiberglass or from

polyethylene terephthalate (PET).

The template can be present 1in porous or non-porous

form.

The backing pad of the template or the template itself
preferably comprises a pressure-sensitive achesive
(PSA) .

The backing pad preferably comprises a soft material,

=

e.qg. a polyurethane having a hardness of 20-80



With the use of PSA, it is not necessary for the backing pad to be moistened in order to activate the
adhesion. During processing, the semiconductor wafers temporarily project with part of their area
beyond the edge of the polishing pad or beyond the surface of the polishing pad fixed on the polishing
" plate. This temporary projection of the workpieces witty part of their area is referred to as "workpiece
excursion”. - 12 - Fig. 1 schematically shows what should be understood by the excursion of the

semiconductoravg%f(%.dl%(a,lr%jgn éymeans;that-the s§@j\co_@gg,%t9r wafer 41s gtg_ggq g_gerttge edges of

the polishing pad 3 in ordéer that the entire width of the polishing pad surface 2 is subjected to loading.
The formation 8fweaP 8dg8< §5R iicreby be prevented. Preferably, the excursion amounts to
approximately 20% through to 100% of the radius of the semiconductor wafer. However, it is not

absolutely necessary thatjan excuision hag {0 be present ondhe ipner:side,Z1;and on the puter side

72. The semiconductor wa?gr 4 is guided and held by a carrier 5 provided with a template 6.

Furthermore, it3s #iot absolutely necessary for the area of the FA polishing pad surface 2 to be
identical to the area of polishing plate 1.

Furthermore, 1n particular acrylate or polyacrylate
resing, acrylic rubber, styrene-based resins such as
polystyrene-polyisoprene-polystyrene {8I5) block
copolymers, natural rubber with resin compositions are

gsuitable as backing pad material.

Mixtures containing a thermoplastic elastomer such as
styrene block copolymers, polystyrene-
poly({ethylene/butylene)-pclystyrene (S-EB-§) or $-I-S
block copolymers, and a polar, hydrophilic resin such
as polyvinyl alkyl ether, polyvinyipyrrelidone,
polyethyloxazolidine, polyvinyl alcohol or polyacrylic
acid copolymer, natural resin or natural resin esters
or esters cof polymerized natural resing are furthermore

sultable.

A template having a smooth or rough surface can be

chesen as reqguired.

The template preferably has a retainer ring which
surrounds the cutout in the template and encloses the
semiconductor wafer. This involves a type of retainer
ring which holds the semiconductecr wafer in positicn
and presses 1t more or less firmly onto the polishing
pad in order to prevent the transverse forces which
occur during polishing Ifrom pushing the semiconductor
wafer from the polishing head, as described in
US 62938350 B1, US 6033292, EP 1028633 Al or US 5944590,
but without provision o¢f a reteiner ring contact

pressure as in the pricr art.



The polishing plate 1 can also take up a larger area and serves for holding the polishing pad. With the
‘use of polishing pads containing fixedly bonded abrasives, this has proved to be advantageous since

the contact area between semiconductor wafer and polishing pad and hence the effective processing

pressure fluctuate as a result of the workpiece mevement beyond the edge of the polishing pad lining.
Furthermore, the wafer area undergoing excursion is drawn from the material removal process at

times. - 13 - The maximuguwidih.of the excursiogis, determined by the degign of thejgepmetry of the

holding system, but the temporal duration in the process is determined by the kinematic parameters.

Various pockePd&pths tan beiBretarted i chnjtrictiofi Witk tRE Bx IS’ ihe potket Uepth is
smaller than therwafegtisckress fthelnithe temiernployed isswafer egerhang 10 {see figdl B); by

contrast, if it is grgater.than or egualto:said.waferthickngss, then the termemplayedis wafer
underhang 9 (see fig. 1 A). Through the combin@t‘ioa accoédingr; to the invention of e c%rﬁion with
variable pocketD&pth 'GPt cutBufinthe tempiate it i possible tFinfilied@he pdlishing removal in

the region of therwaferetlgeliaebmrgeted Taamydr anethis tedring abeutasdmprovement in the wafer
edge geometry. The polishing agent solution in accordance with steps a) and b) of the second method
according to the invention ijhm the simplest case, water, ggeg%@gly %%omégg waéerv(,D.IW’) having the

purity customa ?For use'in ééc Semicondtictor ?r%dau% ry. HOwever, the polishing aggn‘t"s%)?u‘tion can also

contain compouadselahas sodiuntegtbonate (RAZ00I ! potassitim SEBon&eIK2803)°8odium

hydroxide (Na@Hppetassiumphydrexigde (KOH)r ammonitie hiydeaxidesgWd4@Hdnt o the

tetramethylammonium hyd%)og(isdee '%MéH) or.any d%%ir:leg méggﬁ%rﬁgstggreoffh@e use of gottgssium
o D1

carbonate is egﬁe%?a{]ﬁ/rpre erred. Tn this case, the pH value of the polishing agent solution preferably
lies in a range BF £6 %6 a2 dhdHBTOP6RiIoR GTihe sREFESMPOoLAYE v the polishing agent solution is
preferably 0.01 to 10%

The semiconductor wafer is held on the backing pad by

means of adhesion.

In this case, depending on the backing pad used, it may
be necessary for the surface of the backing pad on

which the semiconductor wafer 1s held to be moist.

The backing pad is preferably moistened with deionized

watexr.

The backing pad 1s preferably treated with a brush
after moistening, e&.g. with a brush compcsed c¢f nylon.
Nylon 1s a trade name for synthetic fibers compoesed of

polyamide.

With the wuse of PSA, it 1s not necessary Ifor the
backing pad to be moistened in order to activate the

adhesion.

During processing, the semiconductor wafers temporarily
project with part of their area beyond the edge of the
polishing pad or beyond the surface of the polishing
pad fixed on the polishing plate. This temporary
projection of the workpieces with part of their area is

referred to as "workpiece excursion”.



- 14 - by weight, particularly preferably from 0.01 to 0.2% by weight. The polishing-agent solution can
furthermore contain one or more further additives, for example surface-active additives such as etting
agents and surfactants, stabilizers acting as protective colloids, preservatives, biocides, alcohols and
complexing agents. Between steps b) and c¢), a furtiier FAP step is preferably effected using a
polishing agent slurry as in step c), but with an PAP pad. The proportion of the abrasive material in the
polishing agent slurry in accordance with steps c) and d) of the method according to the invention is

preferably 0.25,10 20% by weight,.particularly preferably 0.25 to 1% by weight. The size distribution of
the abrasive rr?gfgrial%a?tlfcqgéﬁlf‘stﬁr%?e"r%gIysnﬁgggm(%gﬁn %g?uurgc{'l'ﬁeéé a\illélg%éspta?tolc :bs%,ze is 5 to 300
mm, particularfySrefetablyS f6')50- mri. T e abrasive thatefial édmprises a material that mechanically

removes the substrate material, preferably one or more of the oxides of the elements aluminum,

cenum or S'“C%@é uQQ'i%lﬁngvagﬁ%t%!%”yt‘%Pﬁa'“&?%COQ%{, Iy disperse siliga is partjculagly preferred
(silica scl, cf. Table 1 and associated description; "Glanzox").
guided over the edges of the pelishing pad 3 in order
that the entire width of the polishing pad surface 2 is
subjected to loading. The formation of wear edges can

thereby be prevanted.

Preferably, the excursion amounts to approximately 20%
through to 160% of the radius o©f the semiconductor

wafer.

However, 1t 1s not absolutely nscessary that an
excursicn has Lo bhe present on The inner side 71 and on

the outer side 72Z.

The semiconductcer wafer 4 1s guided and held by a

carrier 5 provided with a template 6.

Furthermore, 1t is not absclutely necessary for the
arez 0f the FA polishing pad surface Z to be identical

toc the area of pelishing plate 1.

The polishing plate 1 can also take up a larger area

and serves for hcolding the peclishing pad.

With the use of poclishing pads containing fixedly
bonded abrasives, this has proved to be advantageous
since the contact area betwesen semiconductor wafer and
polishing pad and hence the effective processing
pressure fluctuate as a result o©of the workpliece
movement beyond the edge of the polishing pad lining.
Furthermore, the wafer area undergolng excursicon is

-

drawn from the material removal process at times.



The pH value of the polishing agent slurry preferably lies in a range of 9 to 11.5 and is preferably set
by means of additives such as sodium carbonate (Na2003), - 15 - potassium carbonate (K2003),
sodium hydroxide (NaOH), potassium hydroxide (KOH), ammonium hydroxide (NH4OH),
tetramethylammonium hydroxide (TMAH) or any desieged-mixtures of these compounds. The use of
potassium carbonate is especially preferred. The polishing agent slurry can furthermore contain one or

more further agdjtives, for-example:gurface-active additives sugh as wetting agents,andsurfactants,
stabilizers actlg%?as%%;tgguve colloids, preservat veshblocld S a,lcoholsar_ldcomplexmgﬁn ents.
I

Simultaneous ront and FéAlsides at'the 85mé't %%E%P"WS?E%P(he%‘%jc tter of the
invention. Accéreitigrtosthe invetionnin Bach basecoryone side of tiee savmicohdbctoriafer is
processed in each freeessing step= Furhermore, the method according to the invention can equally be
carried out on single-plate and multi-plate polishing machines. The use of multi-plate polishing

machines having preferably two, especially preferably three, polishing plates and polishing heads is
preferred. Various pocket depths can be presented in conjunction

with the excursion.

If the pocket depth 1s smaliller than the wafer
thickness, then the term emploved is wafer overhang 10
(see fig. 1 B); by contrast, if it is greater than or
egual tc salid wafer thickness, then the term employed

is wafer underhang 9 (see fig. 1 A).

Through the combination according to the invention of
excursion with variable pocket depth of the cutout in
the template, it is possible to influence the polishing
removal in the region of the wafer edge in a targeted
manner and thus to bring about an improvement in the

wafer edge geometry.

The pelishing agent sclution in accoxrdance with steps
ay and b)) o©f the second methoed according to the
invention is, in the simplest case, water, preferably
deionized water (DIW) having the purity customary for

use in the semiconductor industry.

However, the polishing agent sclution can also contain
coempounds such as sodlum carbonate (NaxC0s), potassium
carbonate (KpC0s), sodium hydroxide (NaCH}, potassium
hydrexide [{KOR), ammonium hydroxide {NH,OH),
tetramethylammonium hydroxide (TMAH) or any desired
mixtures therecf. The use of potassium carbonate 1s
especially preferred. In this case, the pH wvalue of the
pelishing agent solution preferably lies in a range of
10 to 1Z and the proportion of the stated compounds in

the polishing agent solution is preferably .01 fto 10%



Different polishing pads and different polishing agents can also be used in this case. In the method
according to the invention, a polishing pad containing an abrasive material bonded in the polishing pad
(PAP or FA pad) is used in‘each case in steps a) and b). _ 1 _silicon, zirconium and particles of hard
materials such as silicon carbide, boron nitride ard dilamond. Particularly suitable polishing pads have
a surface topography shaped by replicated microstructures. These microstructures ("posts") have for

example the fergn olcolumns having.a cylindrical-errpalygonal £ress section ex the formeaf pyramids or
truncated pyramids. More detailed descriptions of such polishing pads are contained for example in
WO 92/13680%13%% S 2005/227590 Al. The use of cerium oxide particles bonded in the polishing
pad is particularly preferred, cf. also 05660211791. The average patrticle size of the abrasives

contained in thenEAR-paliskingpadag ereferably:1dr0 pra-parictiarrpreferably8J12-0.6 um, and
especially prefgrably 0,1-9,25.4im- A, siock remoyal polishing pag s Breleranly useddn step o). What is
S,

suitable for this purpose is, by way o 'example, a’polishing pa [ from the SUBATM series from Rohm &
Haas, e.g. the SUBKTM 125F¢'5toék Dad" P BF & typidl CMPSidtishihg patPETnishing$ad") such as
the SPM 3100fromiRadelqd., stabilizers acting as protective colloids,

preservatives, biocides, alcohols and complexing

agents.

Between steps b) and <), a further FAP step is
preferably effected using a polishing agent slurry as

in step c¢), but with an FAP pad.

The proportion of the abrasive materizl in the
polighing agent slurry in acccerdance with steps <) and
dy of the method according to the invention i1s
preferably 0.25 to 20% by weight, particularly
preferably 0.25 to 1% by welght.

The size distribution of the abrasive material

particles is preferably meonomodal in nature.

The average particle size 1s 5 to 300 nm, particularly

preferably 5 to 50 nm.

The abrasive material compriszes a material that
mechanically removes the substrate material, preferably
one or more of the oxides of the elements aluminum,

cerium or silicon.

A  polishing agent slurry containing collcidally
disperse silica is particularly preferred (silice soli,

cf. Table 1 and associlated descripticn; "Glanzox™).

The pH value of the polishing agent slurry preferably
lies in a range of 9 to 11.5 and is preferably set by

means of additives such a8 sodium carbonate (NaxC0i),



However, an PAP polishing pad as in step b) of the method according to the invention can also be
involved, that is to say a polishing pad which, in contrast to the stock removal and CMP polishing
pads, contains bonded abrasive material. In processing steps b) and c), therefore, the same polishing
pad can be involved or different polishing pads can bé used. An PAP polishing pad can therefore be -
17 - used in step c). However, it is also preferred to use a CMP polishing pad. In step d), a CMP
polishing %ad iﬁwggsg@ﬁth@laﬁ%ﬂ%@% r:‘_r(p@&99%8}Mglﬁﬁo@?}m%@ﬁimdfg@@@ﬂ\?s. Step d)
corresponds to a convention qlishi p. Preferahly,in a final phase of the polishing,
preferably 5 to300°S Betbre ﬁ?é SUBstrate igﬁﬁﬁﬁ 'fro%mtrﬁcénplo%l/ll@hiné/ %Facféi,lt??% péﬁgﬁiﬁgl}p’ressure is
reduced by at feast 2096-and- #iersubsirate leontinrds’® bel pYfished with thisreddesd-petishing
pressure until liftegkoff from the pelishirg pladépounds. The use of potassium

carbonate lg especlally prefsrred.

The polishing agent slurry can furthermcre ccontain one
or more further additives, for example surface-active

additives such as wetting agents and surfactants,

stabilizers acting as protective colioids,
preservatives, biocides, alcohols and complexing
agents.

Simultanecus polishing of front and rear sides at the
same fime (DSP) 1s not the subject matter of the
invention. According to the invention, 1in each case
only one side cof the semiconductor wafer 1s processed

in each processing step.

Furthermecre, tThe method according to the invention can
equally be carried out on single-plate and multi-plate

polishing machines.

The use of muiti-plate olishin machines havin
p < g g
preferably two, especially preferably three, polishing

plates and pclishing heads is preferred.

Different polishing pads and different polishing agents

can alsce be used in this case.

In the method according to the invention, a polishing
pad containing an abrasive material bonded in the
polishing pad {(FAP cor FA pad) is used in each case in

steps a) and b).

Suitable abrasive materials comprise for example

particles of oxides of the elements cerium, aluminum,



It is likewise preferred to clean the polishing pad with a cleaning agent by distributing the cleaning
agent en the polishing pad with the aid of an open-pored foam body. This is preferably done in situ,
that is to say during the polishing of the substrate. The pad cleaning differs from a pad conditioning by
virtue of the fact that the foam body does not contaihéany abrasive materials bonded thereto. In
principle, any elastic plastic foam having an open cell structure is suitable, for example polyurethane

foams, polyvinyl alcehal, foams: palystyrene foaums; siicone dgams epaxydeams] yreatasmaldehyde
foams, polylmgg fggTsé gglygaengll(rgdaz%!g rf%%mlsl?[%%ma baggg O&li%fggonr?gg resins, ponethyjen_e
foams, polypropylene %oams, polfyacr)(?lfc oams, polyes &rfoams and viscose foams. The polishing

agent used in the respective polishing step is suitable, in particular, as cleaning agent. What is
essential to the invention s the sequential application- rejfative: tosthenrespective siderafkthe wafer.
(front side or rear _side). - of polishi ased on fixed abrasive.polishing technalogy,using a template
holding systerﬁ%\ﬁ%%%é&%ecé%%gfgpn.? - 1%EE The water edge cglr{?ﬁlere%y%be;in%%nced in a
targeted manriet fi BFdertRGS S et the Bekifed gedmetry Bropettied-dfihe plishietserficonductor

wafer. The twapaolishing stepsyithat isctplsaydhé cear-side polishing ahd the frontssidepolishing, can
be coordinated with,one-another-such that even mare fargeteds influepging of the wafer geometry and

wafer nanotopology can be performed in this way. Furthermore, when such sequential polishing is
carried out on a multi-plate single-side polishing machine, for which purpose the "Reflection” type from
Applied Materiddscer the 28W.800 Apslinippe frotn ReétersWoltersoRendsigrg,is deaitable, for example,

an upstream typical DSBpolishing step.canthen be gbviates singe potrthe geametry-gdgtermining
polishing and Eﬂg r}adbogp%%lg%&% rmining polishing are carried out completely on one and the same
machine type. 1f'the polishihg both of the wafer rear side and of the wafer front side is effected

completely on one polishing machine, provision is made of a device for rotating the wafers on or in the
machine. Suchrgevices;are kifown é-thenwafer intistry Preferakly, antiermediatestepfergeometry

polishing pad i1s particularly preferred, cf. zalsc
Us650211781.

The average particle glize of the abrasives contained in
the FAP polishing pad 1s preferably 0.1-1.0 qum,
particularly preferably 0.1-C.6 pm, and especially

preferably 0.1-0.25 pm.

A stock removal polishing pad 1s preferably used in
step c¢). What i1s suitable for this purpose 1s, by way
of example, a polishing pad from the SUBA™ series from
Rohm & Haas, e.g. the SUBA™ 1250 ("stock pad"), or a
typical CMP polishing pad ("finishing pad") such as the
SPM 3100 from Rodel®.

However, an FAP polishing pad as in step b) of the
method according to the invention can alsoc be involved,
that is toc say a polishing pad which, in contrast to
the stock removal and CMP polishing pads, contains

bonded abrasive material.

In processing steps b) and c¢), therefore, the same
polishing pad can be involved or different polishing

pads can be used. An FAP polishing pad can therefore be



measurement is provided after a first polishing of the rear side of the semiconductor wafer. The
polishing of the front side of the semiconductor wafer is then adapted on the basis of the geometry
measurement. To summarize, the invention affords the following advantages: The outer wafer edge
region can be influenced in a targeted manner. ThelAvention leads to an improvement in the local
geometry in a range of less than or equal - 19 - to 2 mm edge exclusion, in particular of less than or

equal to 1 mm-edge exclusien The, polishingsequencecanbe-significantly-simplified dn particular for
the latest gen%g,go%giwafg%r§£1avg1§ a diameter of 450 mm, the method according to the invention
thus affords significant é"dgvanta’géjs with regard to product costs as well.
Inparticular,thecompletepolishingofthe

In step d}, a CMP polishing pad is used, e.g. the SPM

3100 from Rodel®, which contains no bonded abrasives.
Step d) corresponds to a conventional CMP polishing
step.

Preferably, in a final ©phase of the pclishing,
preferably 5 to 300 s before the substrate is lifted
from the polishing plate, the polishing pressure is
recduced by at least 10% and the substrate continues o
be polished with this reduced polishing pressure until

Lifted off from the pclishing plate.

It 1is likewise preferred to clean the polishing pad
with & cleaning agent by distributing the cleaning
agent on the polishing pad with the aid of an open-
pored foam body. This i1s preferably done in situ, that
is to say durimg the polishing of the substrate. The
pad cleaning differs from a pad conditioning by virtue
of the fact that the foam body doss not contain any
abrasive materials bonded thereto. In principle, any
elastic plastic foam having an open cell structure is
suitable, for example polyurethane foams, polyvinyl

alcohel fecams, polystyrene foams, silicone foams, epoxy

foams, urea-formaldehyde foams, polyimide foams,
polybenzimidazole  foams, foams based on phenclic
resins, polyethylene foams, polypropylens foams,

polyacryiic £foams, polyester fcams and viscose foams.
The polishing agent used in tThe respective polishing

step 1s suitable, in particular, as cleaning agent.

What 1s essential to the invention is the seqguential
application - relative to the respective side of the
wafer (front side or rear side) - of polishing based on
fixed abrasive polishing technology, using a template

holding system with workpiece excursiocon.



semiconductor wafer can be carried out on one type of polishing machine by means of a combined
polishing method. Both the stock removal polishing and the haze-free polishing take place on the
same type of polishing machine. The DSP process customary heretofore is obviated. It has been
shown that the use of a carrier with a template ard fte realization of a workpiece excursion in
combination with the use of stiff, inelastic and hard polishing pads are particularly advantageous.
Therefore, the combination of single-side polishing, FA polishing pad, template carrier system and
workpiece excH%sion_iS£ssent'al toé%%invention. T eeed% oII-offcéraatjs to Sa%]/ the decrease in

. n T 13 £ e .
thickness towar ethé’“%ﬁlaé of fhie semiconductor wa er, can euree%uced.fxa?np gﬁletﬁeapollshmg

processes predéniedibeléw aré@fied blitdsing @ whle-areBcarfgrhoifent?aRE eatfier, no
multi-zone carreteguipped with artemptdtie == 20 -A3:platechatishingyadehine suegh asdhe AMAT
Reflection from Appligd Materials, Inc, js.used.as. the polishing machine.; 4. Polishing githe rear side
of the semiconductor wafer with' workpiece excursion: ) , o

and the front-side polishing, c<an be coordinated with

one another such that even more targeted influencing of

the wafer geometry and wafer mnanctopology can be

performed in this way.

Furthermore, when such sequential polishing is carried
cut on a multi-plate single-side polishing machine, for
which purpose the "Reflection"™ type from Applied
Materials or the "PW 300 Apclle" tyvpe from Peter
Wolters, Rendsbhurg, is sultable, Tor example, an
upstream typical DSP poelishing step can  then be
obviated since both the geomeiry~determining pclishing
and the nanctopology-determining polishing are carried
out completely on one and the same machine type.

If the polishing bkoth of the wafer rear side and of tThe
wafer front side is effected completely on one
polishing machine, provision 1s made of a device for
rotating the wafers on or in the machine. Such devicss

are known in the wafer industry.

Preferably, an intermediate step for geomety
measurement 1s provided after a first pelishing of the
rear side of the semiconductor wafer. The polishing of
the front side of the semiconductcr wafer 1s then

adapted on the basis of the gescmetry measurement.

To summarilize, the invention affords the following

advantages:

The outer wafer edgs region can bke infliusnced in a
targeted manner. The invention lesads tc an improvement

in the local geometry in a range of less than or equal



- Use of an FA polishing pad with an average patrticle size of the abrasive of 0.5 pm. The supply of an
abrasive-free polishing agent, e.g. dilute K2003. A second partial polishing step for the rear side of the
semiconductor wafer is optionally effected on the same polishing pad, but with the supply of a silica
sol, e.g. Glanzox 3900, in order to set the roughness &f the wafer rear side in a targeted manner. B.
Polishing of the front side of the semiconductor wafer in three steps: 3.1. Plate 1 equipped with PAP

polishing pad, supply efa dilde alkaling solution,ifer example based on K2003 3:2,Rlate2 equipped
with stock removaliﬁoli ging %@mauzl geﬁ‘%.Subal 50),supply ofapolishing agent containing

abrasives,prefee%% y silicasol and a Aline solution: 3.3. Plate 3: typical CMP haze-free polishing, CMP

polishing pad (e.g. SPM 3100) and CMP polishing agent. What is suitable for this purpose is, by way
of example, a polishingipacfrom theSldRAT Meseriesdram Rohm SeHaas, e:gniheiSUBATM 1.250
("stock pad”), ara typical CMP Rolisking pad, ¢ finishing.pad"), syeh a5 the, SPM 3100 from Rodele.
having a diameter of 450 mm, the method acceording o
the invention thus affords significant advantages with
regard to product costs as well.
In particuiar, the complete polishing of the
semiconductor wafer can be carrisd ocut on one type of
polishing machine by means of a combined polishing
methed. Beth the stock removal polishing and the haze-
free polishing take place on the same type of polighing
machine. The DSP process customary heretofore is

A

obviated.

It has been ghown tThat the use of a carrier with a
Template and the realization of a workpisce excursion
in combination with the use of stiff, inelastic and

hard polishing pads are particularly advantageous.

Therefore, the combination of single-side polishing, FA
pclishing pad, template carrier system and workpiecs

excursion is essential To the invention.

The edge roll-off, that 1is to say the decrease in
thickness toward the edge of the semiconductor wafer,

can be reduced.

BE1l the pclishing processes presented below are carried
cut using & whole-area carrier (no membrane carrier, no

multi~-zone carrier) eguipped with a templats.

The carrier baseplate itself can have a planar, convax

oy concave form.



- 21 - Commercially available polishing pads are e.g. the SPM 3100 from Rodel Inc. or the pads of the
DCP series and also the pads of the brands 101000TM, PolytexTM or SUBATM from Rohm & Hass.
As an alternative to 3.2., the polishing of the front side of the semiconductor wafer can be carried out
by means of a 2-stage polishing process. In this easg{ the polishing step 3.2. and the CMP polishing

- 2.3. take place on one and the same polishing pad. If a CMP polishing pad is used in steps 3.2. and

2.3., the foIIowmggprpggQ@reEjg Mgfﬁ{l}ﬁgi A steprs2 .z astlicasol havingarhigher solids.concentration,
e.g. Levasil ZOO?igmsuRBIi dina Bu,jggggff greftecr the}ln or Q%J]gl to 11, in order,to ensure a higher

4--n .
removal rate. THiS step s%i\}eesdto eliminate the mlcr:lrodamagéf e LEEVAS}?I?O %?&&u%fs‘ from H.C.

Starck are coll&i@aldigpersions of silicon dioxide particles and are produced and supplied up to a
concentration of 50% depending on the type. During the CMP polishing, a typical CMP polishing agent
such as Glanzgx 3900.is supplied,having a pH.value o{&%) to at £11, This step with a low removall
rate serves for producing a surface polgﬁgd in %aze-f?ee ash%nﬁéﬁanzgxegggooi the p?(")duct name
for a polishing “geRtsltify offéred as st Eorfcentrate  BY Fujimi Incorporated, Japan. The concentrate
having a pH of 10.5 contains approximately 9% by weight of colloidal Si02 having an average particle
size of 30 0 4QBM. 5223y Fa polishing pad with an average particle
size of the abrasive of 0.5 upm. The supply of an

abrasive-free polishing agent, e.g. dilute K,COs;.

A second partial polishing step for the rear side of
the semiconductor wafer 1s optionally effected on the
same pclishing pad, but with the supply of a silica
sol, e.g. Glanzox 3900, in order to set the roughness

of the wafer rear side in a targeted manner.

B. Polishing o¢f the front side of the s=semiconductor

wafer in three steps:

B.1. Plate 1 eguipped with FAP polishing pad, supply of

a dilute alkaline solution, for example based on K,CO:

B.2. Plate Z equipped with stock removal pclishing pad
(e.g. Suba 12507}, supply o©f a polishing agent
containing abrasives, preferably silica sol and

alkaline scolution.

B.3. Plate 3: typical CMP haze-free polishing, CMP
polishing pad (e.g. SPM 3100) and CMP polishing agent.

What 1s suitable for <this purpcse 15, by way of
example, a polishing pad from the SURBA™ series from
Rohm & Haas, e.g. the SUBA™ 1250 ("stock pad"), or a
typical CMP polishing pad ("finishing pad") such as the
SPM 2100 from Rodel®.



If a stock removal polishing pad is used in steps 8.2. and 8.3., the following procedure is preferred: In
step 8.2., a silica sol having a higher solids concentration, e.g. Levasil 200, is supplied in a pH range
of greater than or equal to 11. The polishing duration is significantly reduced. This step serves to
eliminate the microdamage with an increased removal rate. During the CMP polishing, a typical CMP
polishing agent such as Glanzox 3900 is supplied, having a pH value of 10 to at most 11. The

polishing time dufing £MRis incesased-owing 1 a iewenemevakrate:<This step sgeveste produce a
surface polish%q mn.haze-fre jon. The proc can_be re %z (}Aon and the same polishing
machine - here é@p%ﬁogo&%ﬁ%mr%g#heﬁ tﬁ? ﬁeﬁgcf%ni p§° e?\/lﬁ?%osfgﬁ:les S
AMATReflectiér(3plateSpalishingrhathime Tof peifshing theGear dide Bhtate 22-Sthehturn
semiconductorfwaferRehthen 3tplate polishing of the front side (plate 1, plate 2, plate 3). Plate 1: PAP
polishing pad; K2003 solution (dilute); Glanzox 3900 Plate 2: e.g. Suba 1250 polishing pad and

standard remaval polishing agent; Glanzox 3900 Plate 3: e.g.. SPM 3100 polishing pad and Glanzox
3900 As an alternative to B.Z., the pdlishing of the front

side o©f the semiconductor wafer can be carried out by
means of a Z-stage polishing process. In this case, the
polishing step B.2. and the CMP polishing B.3. take

place con one and the same polishing pad.

If a CMP polishing pad is used in steps B.2. and B.3.,

the following procedure is preferred:

In step B.2., a silica sol having a higher solids
concentration, e.g. Levasil 200, 1is suppiied in a pH
range of greater than or egual to 11, in order <to
ensure a higher removal rate. This step serves Lo

eliminate the microdamage.

The LEVASIL® products from H.C. Starck are coclloidal
dispersicns of silicon dioxide particles and are
produced and supplied up to a concentration of 50%

depending on the types.

During the CMP polishing, a typical CMP polishing agent
such as Glanzox 3900 is supplied, having a pH value of
10 to at most 11. This step with a low removal rate
serves for producing a surface polished in haze-free
fashion.

Glanzox 3900 1s the product name for a polishing agent
slurry offered as a concentrate by Fujimi Incorporated,
Japan. The concentrate having a pH of 10.3 c¢contains
approximately 2% by welght of colloidal Si0; having an

average particle gize of 320 to 40 nm.



- 23 - Claims 1. A method for polishing a semiconductor wafer, comprising polishing of one side of the
semiconductor wafer by means of a polishing pad which is fixed on a polishing plate and which
contains fixedly bonded abrasive materials, while a polishing agent is introduced between that side of
the semiconductor wafer which is to be polished and the-polishing pad, wherein the semiconductor
wafer is held during the polishing by means of a holding system, which is fixed on a carrier and which

comprises a lined gutaut-ofthe-size-ef the, semicondyctor, wafes to, be Jeceived, in, thercutout by means
of adhesion byatj;lg séd%thatti:%notgo e polished, and the carrier is %l,éided s#ch that the

semiconductor wafer temborarﬁy f)IQOJe(ﬁS-J\'I\r/]Iﬁ] g%%ﬁ% its surface beyonhd The surface of the polishing
pad during the polishing. 2. A method for the double-side polishing of a semiconductor wafer,
comprising therfollowing stepszin the staterhareler sc1a) pelishiag of a reay:side of the;sgmiconductor
wafer by means of a polishing pad which is fixed on a pelishing plate and which contains fixedly
bonded abrasivg rr?aeteﬁglaéf:w%er’eineé gélis ?n%agd'e‘nt gg)lE?t"longt%)atSls"1 Pr%glo?éolfd% isaintPoﬁduced

between the régtside dt theSedfieSrduttoiafer asd tie'polishing pad difting thel gélishihg step;
b) stock removat pelishing afthe front Sidezofithe semitonductorwater byasneans-af=a palishing pad

which is fixed on gpolistind Rlate and hich cagiains, fxadly bonded aiasiyg malegals, wherein a

i
polishing agent solution that is free of solids is introduced between the front side of the semiconductor
wafer and the 58ﬁ55f11ng pad during the polishing step; c) removal of the microroughness from the
front side of the semiconductor wafer by polishing of the front side of the semiconductor wafer by

means of a polighing padwhietiis fixed:amapolishing plate,whergin %gp!ﬂ%fﬂrﬂg@ggge%terw
containing abras%g materéals is |ntr0(§técoeod between the front side of the semiconductor wafer and the

. . 3 3 i ST S Ein ks 1 =
polishing pad &ﬁ*rlng the poﬁsahlﬁﬁﬁétep; S Suppiied, faving a pi value of
10 to at most 11. The polishing time during CMP is

increased owing to a lower removal rate. This step
serves to produce a surface polished in haze-free

fashion.

The process can be realized on one and the same
polishing machine - here a 3-plate polishing machine of
the Reflection type (AMAT Corp.):

AMAT Reflection (3-plate polishing machine) for
polishing the rear side on plate 1 — then turn
semiconductor wafer — then 3-plate polishing of the

front side (plate 1, plate Z, plate 3).

Plate 1: FAP polishing pad; K;,C0; sclution (dilute);
Glanzox 3900

Plate 2Z: e.g. Suba 1250 polishing pad and standard

- removal polishing agent; Glanzox 3900

Plate 2: e.g. SPM 3100 polishing pad and Glanzox 390C



d) final polishing of the front side of the semiconductor wafer by polishing of the front side of the
semiconductor wafer by means of a polishing pad which is fixed on a polishing plate and which
contains no abrasive material bonded in the polisﬁi?\g pad, wherein a polishing agent slurry containing
abrasive materials is introduced between the - 24 - front side of the semiconductor wafer and the
polishing pad during the polishing step; wherein the semiconductor wafer, at least during steps a)
to ¢), is held by means of a holding system, whicki8ifdéed on a carrier and which comprises a lined
cutout of the size of the semiconductor wafer to be received, in the cutout by means of adhesion by

the side that is not to be polishe t | ;§] gﬁ h ' tor wyafelid
temporar%iry projﬁ@%ﬁ%‘%?graﬁogﬁﬁsmgjstcgeﬂﬁee%%n t gﬁﬁi’eﬁﬁﬁﬁsﬁﬁgﬂ%durm tr:_ee
polishingsf PeTsenirthddasrolediesdoin tlaansl era,mﬁékém;tﬁ@%&?@%ﬁﬁ&ﬁ&%@%ﬁéhﬂ@
delimited py a ring, the holding.system r ; ' SALIEg can
be applié@%narﬁgewi ﬂ‘i&%é@d?és%s% d}P %ﬁﬁ%@%ﬁ%%&%@ﬁ?ﬁgﬁaﬂ%ﬂﬁ%@g Thé
method asueaimed ivctlesmnl tha? sidecddithth sestidaod wittrewateutdighe indring SRliehsdhARS

comes into contact with that side of the semi E}q%ﬁ f ich is,petdorpe Rpbshemisang b
constitutg%eaﬁfg'aﬁ??r'{bgsﬁ Cé"%ﬁ%‘g rs]tz‘r%igéanc?uc or v%g%%%%g%es a presgl%e-ser?gﬁver;%hegive. 5.
The methshag Geimesidistaisytewhanticthis Hiaadhgrsataesristtisadoniieh sseepiisompriiada soft
material, preferably a polyurethane having a ha : 10040, SNRES AP i gngthod
as claimé‘él'tﬁ’%lﬁ?ne{"g, %{ﬁ]%l%ﬁip\ﬁes %re”é?%rgjéﬁ ;Sepgo%?h%g r%i%gezggégm is moi_stened)tﬁ)efore the
semicongiaigsivriey hingiodutiest intothecbepolistrsheloththeysamier is guided such that the
semiconductor wafer temporarily projects with a part of its surface beyond the surface of

the polishing pad during the polishing.

2. A method for the double-side polishing of a semiconductor wafer, comprising the
following steps in the stated order:

a) polishing of a rear side of the semiconductor wafer by means of a polishing
pad which is fixed on a polishing plate and which contains fixedly bonded abrasive
materials, wherein a polishing agent solution that is free of solids is introduced between
the rear side of the semiconductor wafer and the polishing pad during the polishing
step;

b) stock removal polishing of the front side of the semiconductor wafer by means
of a polishing pad which is fixed on a polishing plate and which contains fixedly bonded
abrasive materials, wherein a polishing agent solution that is free of solids is introduced
between the front side of the semiconductor wafer and the polishing pad during the
polishing step;

c) removal of the microroughness from the front side of the semiconductor wafer
by polishing of the front side of the semiconductor wafer by means of a polishing pad
which is fixed on a polishing plate, wherein a polishing agent slurry containing abrasive
materials is infroduced between the front side of the semiconductor wafer and the
polishing pad during the polishing step;

d) final polishing of the front side of the semiconductor wafer by polishing of the
front side of the semiconductor wafer by means of a polishing pad which is fixed on a
polishing plate and which contains no abrasive material bonded in the polishing pad,

wherein a polishing agent siurry containing abrasive materials is introduced between the



7. The method as claimed in claim 1 or 2, wherein the semiconductor wafer temporarily projects with
part of its area beyond the edge of the polishing pad during the polishing in order to achieve a
comprehensive utilization of the entire surface of-tRé polishing pad during the polishing. 8. The
method as claimed in claim 2, wherein a polishing pad containing bonded abrasive material is likewise
used in step c). 9. The method as claimed in claim 2, wherein a polishing pad containing no bonded
abrasivefroatesidis o$ theeskimstepdeicterafafe0andetheepadishing lapdetiiing dha pabishingHEain the

o7 0xdes of the ST BN e A A B ot e R GBS A eI Teiont M et erels.
selected dfomsilidiony cariticte, enhririikedratiamnoadtier and which comprises a lined cutout of
the size of the semiconductor wafer to be received, in the cutout by means of adhesion
by the side that is not to be polished, and the carrier is guided such that the
semiconductor wafer temporarily projects with a part of its surface beyond the surface of

the polishing pad during the polishing.

3. The method as claimed in claim 1 or 2, wherein the cutout of the holding system
is delimited by a ring, the holding system has no pressure chambers whatsoever to
which pressure can be applied, and the ring is not pressed against the polishing pad

with a contact pressure.

4, The method as claimad in claim 1 or 2, wherein that surface of the cutout of the
holding system which comes into contact with that side of the semiconductor wafer
which is not to be polished, and constitutes a bearing surface for the semiconductor

wafer, comprises a pressure-sensitive adhesive.

5. The method as claimed in claim 4, wherein the bearing surface of the holding
system comprises a soft material, preferably a polyurethane having a hardness of 20-90

according to Shore A,

6. The method as claimed in claim 4, wherein the bearing surface of the holding
system is moistened before the semiconductor wafer is introduced into the cutout of the

holding system.

7. The method as claimed in claim 1 or 2, wherein the semiconductor wafer
temporarily projects with part of its area beyond the edge of the polishing pad during the
polishing in order to achieve a comprehensive utilization of the entire surface of the

polishing pad during the polishing.

8. The method as claimed in claim 2, wherein a polishing pad containing bonded

abrasive material is likewise used in step ¢).

9. The method as claimed in claim 2, wherein a polishing pad containing no

bonded abrasive materials is used in step c).
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10. The method as claimed in claim 1 or 2, wherein the abrasives of the abrasive-
containing polishing pads are selected from the group consisting of particles of oxides of
the elements cerium, aluminum, silicon or zirconium or contain particles of hard

materials selected from silicon carbide, boron nitride or diamond.



