1 Method for Polishing both sides of a Sem conductor Wafer 5 The invention
relates to a nethod for polishing both sides of a sem conductor wafer. In
particular, the invention is intended for polishing silicon wafers of the
next technol ogy generations, primarily wafers 10 which have a di aneter of
450 mm At present, polished or epitaxially processed sem conductor wafers
with a dianmeter of 300 nmare used for the nost demandi ng applications in
the el ectramtisod NBustPolisSiing Gotlafeideavdih aliSsariessdwoit O Wafer ar e
gradual |y being replaced by 300 nmwafers. 15 An essential reason why the
el ectronics industry desires larger substrates for the production of their
conmpanentse WReEME! on Nt €1 HPE HCES SHI'he BHio N Yp&Ti MSing eisbeiessided hef a
enornmous econom ¢ advant age which they prom se. In the sem conductor 20

i ndust r ySFPLH2R89¥6rCR ¥YdhT ti ne been customary to focus on the available
substrate area, or in other words to consider how great a nunber of
conponents, i.e, logic chips or nenory chips, can be acconmodated on an
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substrate, but there are also the individual steps for structuring the

substt atesich kaveraditimgteheo Eohpbrant &t reetrres, wibbhskhebseqguent |y | ead
to the ipgdividua, %Péce@@gd@&ﬁfé&ﬁ&’uéggr pvﬁé)ﬁé'x_cé'&{‘tf}go%;& x{?étexg%f' groups

of processing steps are determ ned very particularly the substrate
si ze. The0Qubgt 2ae eusedelof nfthaienees dé¢mapd bdlicipohlicasienpeincomponent to a
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g e substrate di aneter entails great an soneti nmes
enti rel yanewgradtael v obeikgovep i @chailoal 300 olth ensfers.
15
An essential reason why the electronics industry desires larger
substrates for the production of their components, whether
microprocesscrs or memory chips, resides in the enormous
economic advantage which they promise. In the semiconductor
20 industry it has for a long time been customary to focus on the
available substrate area, or in other words to consider how
great a number of components, i.e. logic chips or memory chips,
can be accommodated on an individual substrate. This is related
to the fact that a multiplicity of the component manufacturer's
25 processing steps are aimed at the entire substrate, but there
are also the individual steps for structuring the substrates
i.e. producing the component structures which subsequently lead
to the individual chips, and therefore the production costs for
both groups of processing steps are determined very
30 particularly by the substrate size. The substrate size
influences the production costs per component to a very

considerable extent, and is therefore of immense econcmic

importance.

35 However increasing the substrate diameter entails great and

sometimes entirely new, hitherto unknown technical problems.

Lastly all the processing steps, whether they are purely



Lastly all the processing steps, whether they are purely 2 nechani cal

(sawi ng, grinding, |apping), chemcal (etching, cleaning) or

chem cal -nmechanical in nature (polishing) as well 5 as the thermal processes
(epi taxy, annealing), require thorough 2revision, in particular with respect
to the machines and systens (equipnent) used for them The present

i nvention focuses on the polishing of a 10 sem conductor wafer as the | ast

essenti &Eg@h@ﬁﬁ@éi ngs§&£@gwnl§ﬂinﬁh@%y\ﬁi£pp%ﬁgi nt engeded or (altah@hpzﬁ@ducti on of
nmenory cnlps, . or n rnci e as the penultinate essenfli al rocessi step
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m croprocessors. The Inventor has discovered that the process of polishing

450 nm WAY P50  eqil redr bl fuhdanthEal refafge. tThbRe Parhshehga fet hods known

in the pLigrepit (c¥hi ShehBye begnsakenehnto 20 consideration for defining
the new polishing process, will be presented below They essentially

i nvol ve nodifications of the conventionally used nmethods of doubl e-sided
pol i shi ng, (DSPLand ; cheni £al - echenical poLishing,(EYP)e which in one case
conpri se pgﬁfsﬁ?ﬁg botﬁ s?gés o?ua seﬁ#condu%tor ma%%? Ey means of a 25
pol i $hi ngepadonfiteosupdf9i ngs atpel 184t ngs agentahspsvoeks 1pol & 5P ngh ¢ DSP

step) andyin,Lbecotberpcans fipish. pol jsbing: o, 98!y 1 be, feanbs! ds. (1he
conponent “si de f iTe Uusing a softer” polishing pad as Lo-carTed haze-free
pol i shi ngr{OMPpsteps thenpshihgipatbutsatsbiakl prtovetyingwssepcahied "fi xed

abrasive__3 olishi?g%y(géPE t echnol ogi.es, in mhhch t he segicondgctor waf er
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an Fﬁf pgg ﬁgcggggbcgggérgg referred to below as an FAP step for brevity.

The Inventor has discovered that the process of polishing 450
mm wafers requires a fundamental change. Those polishing
methods known in the prior art, which have been taken into

20 consideration for defining the new polishing process, will be
presented below. They essentially involve modifications cf the
conventionally used methods of double-sided polishing (DSP) and
chemical-mechanical polishing {(CMP), which in one case comprise
polishing both sides of a semiconductor wafer by means of a

25 polishing pad while supplying a polishing agent as stock
polishing (DSP step) and in the other case finish polishing of
only the frontside (the "component side™) while using a softer
polishing pad as so-called haze-free polishing (CMP step,
"finishing"), but alsc relatively new so-called "fixed abrasive

30 polishing" (FAP) technologies in which the semiconductor wafer
is pcoclished on a polishing pad but the latter contains an
abrasive fixed in the polishing pad ("fixed-abrasive pad"). A
polishing step, in which such an FAP pad is used, will be
referred to below as an FAP step for brevity.

35
WO 99/55491 Al describes a two-stage polishing method with a
first FAP polishing step and a subsequent second CMP polishing
step. For CMP, the polishing pad does not contain fixed



35 WD 99/55491 Al describes a two-stage polishing nethod with a first FAP
polishing step and a subsequent second CWVP polishing step. For CWP, the
pol i shing pad does not contain fixed 3 abrasive. As in a DSP step, abrasive
is introduced here in the formof a sugpension between the sem conductor
waf er and the 5 polishing pad. Such a two-stage polishing nmethod is used, in
particular, to renove scratches which the FAP step has |eft behind on the

pol i shedaises§ aee. ohsthe substratep, Bbdadive 004 HhtiSdade@Xaapd ei of t kAP
steps al so being used for, 10 the polishing of sem conductor wafers, on
whose sutPEReCT cHNPOTRIRS 5P LREHiFRe™ halve Feft YR heldr 167 hed. 2Ahet ol i shing

of suchysemg 49! yebers 9o Pst by BdiBcy ahe PROGUCE NGs&Y, |gast one
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possi bl ePF ek & bfghned st Y 7 ahot Dpele apHyl chstiys B 23 eB0vas 7. A trel at es
to CVP nmeLiods $oreipd a0a11 2hE9 sEPPOYL aphi cad susdapes.during the production

of electronic conponents. The prinmary aimis to alleviate the di sadvantage
of conparatively | ow renoval rates when using FAP polishing pads. 20 A
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first wwth an FAP pad 1n conmbination with a polishing agent” suspension and
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conponenhss tesesmahbefocpssoibldeni tverdughngesi sled nanotopography.
15
Us 2002/00609%967 Al relates to CMP methods for planarizing
topographical surfaces during the production of electronic
components. The primary aim is to alleviate the disadvantage of
comparatively low removal rates when using FAP polishing pads.
20 A sequence of polishing steps is proposed, in which polishing
is carried out first with an FAP pad in combination with a
polishing agent suspension and subsequently with an FAP pad in
conjunction with a polishing agent solution. The seguence of
steps 1s deliberately selected in order to increase the removal
25 rate. The polishing of wafers made of a material with a
homegeneous composition, for example silicon wafers, is not

disclosed therein.

Likewise, WO 03/074228 Al also discloses a method for

30 planarizing topographical surfaces during the production of
electronic components. Here, the focus of the invention resides
in the endpoint detection of the CMP method. As is known,
endpoint detection involves ending the polishing and therefore
the material removal promptly before it causes the removal of

35 regions which are not in fact intended to be polished. To this
end, a two-stage method is proposed for polishing a copper
layer. In the first step polishing is carried out with an FAP

polishing pad, in which case the polishing agent optionally may



in the endpoint detection of the CVWP nethod. As is known, endpoint
detection involves ending the polishing and therefore the material renoval
pronptly before it causes the renoval of 35 regions which are not in fact
intended to be polished. To this end, & two-stage nethod is proposed for
polishing a copper layer. In the first step polishing is carried out with
an FAP polishing pad, in which case the polishing agent optionally may 4
or may not mentabd toAeaahraséveapaskicbepartbclbe. SeaoHe potbsli ng step
however, ig,mh[ch golisgin is |ikew se cariied_S out Ti h an FAP pad, the
use of aPPorFeRPrAgSEEBNECHFYRTfre8 WabFasPOLlpALEPcl8sli§uLEBNEREF 1oFhe
Ger mepn Patienyyi fapkhcahbopawi t Bhehes AppEi gapb0DsNuAhesgdRR wOPHK 038266, not
yet published at the priority date of the 10 present application, describes
a net hod2PsRSpHEi BAFR§CaSSstiBstFatet#Bde of seniconductor material,
conprising two polishing steps of the FAP type which differ from one
another in that a polishing agent suspension containing fixed abrasive as
a solid ?hasﬁaﬁ@éniEatﬂﬂFoBHEéQC§é@a9eﬁlthetéabéppé@@aah@nlgumh@rpép?shing

pad in opg7pakishiRg ﬁEFpggghEbBlEQhéQ?a§?EH@dprPQ£E§ i Rg-st gp tpe polishing

agent suspension is repla y a polishing agent sofution which is free of
sol i 8. Fheserpreapplonapobhshilagcagens @ai hethedused peloanasgaa 20 unbrella

termfor Lshing ) PS i d i.shi ng at . sol uijons. Object
25 A1t Dns TS ann T AP hao i or 88 pRREE L caREERh s 8 kb e Wi
respect tolssbckgpekephi ng, thhi EAPI hgbadebicbodiéntrohabmdonkl enstled

pol I shi ng,met hed §8?1Eﬂ%nFA§He§8'%ﬁgggﬁsﬁgﬁh8$nt§gﬂ§8ﬁhfﬁk§85 BL,L0Ge
sem conduct or "waf er "are pofFi shé Si aneously, ic eads to an
unf avor abkeaedgéidymubstygncenis introduced between the substrate and
15 the polishing pad in one polishing step, while in the second
polishing step the polishing agent suspension is replaced by a

polishing agent solution which is free of solids.

The expression polishing agent will be used kelow as an
200 umbrella term for pelishing agent suspensions and polishing

agent soluticons.
Object

25 All the methods known in the prior art have a crucial
disadvantage with respect to stock polishing, which includes
conventional double-sided polishing methods and the FAP
polishing methed.

30 Both sides of the semiconductor wafer are polished
simultaneously, which leads to an unfavorable edge symmetry, in
conventional dcuble-sided polishing a so-called "edge roll-off"
i.e. an edge reduction relative to the thickness of the
semiconductor wafer. Experiments have shown that this problem

35 1s even further exacerbated when polishing wafers with larger
diameters, i.e. for example the aforementicned wafers with a
450 mm diameter. The larger substrates entail an increase in

the differential polishing removal at the wafer edge and in the



conventional doubl e-sided polishing a so-called "edge roll-off" i.e. an
edge reduction relative to the thickness of the sem conductor wafer.
Experiments have shown that this problem 35 is even further exacerbated when
polishing wafers with larger diameters5i.e. for exanple the aforenentioned
wafers with a 450 mmdi aneter. The larger substrates entail an increase in
the differential polishing renoval at the wafer edge and in the 5 remaining
regi on ofehhénvBferegsont batthbewetge, robl toht tse evgs moLE-pronognced. 5
This is problematic in particular owing to the fact that according to the
internatEBﬁ%IW9rﬁgP§%HO§%c%grIed Roadmap (I TRS, "International Technol ogy
Roadmap for Sem conductors” chapter "Front End Processes"), the

manuf acturers of 10 senlconductor wafers are required to i ncrease the area
of the wWatérsSwRreh!leBathbe h@eﬂa¥5%cb%%6u%Wh@gcBﬁpBﬁ%nf%CEth?Educe t he

so- cal | edccedgengxebushoninvblghr i snQolyaygitabl eofe51169MReAgRLES. 15 Wiile
an edge exclusion of 2 nmis currently considered to be accepta Ie

initiallyIThPs Sipbenpt i peebnEerdrel @uY f Rearnap of CRchPBYEORALE P LIF & year s

oW ng tOcEBErbRCr2asey] AnlNerYaLeLes il amehernh 0, #30 MM ands subsequent Iy it
wi |l even be reduced to mm This will only be acconplished by

S|gnﬂqlcaﬁmﬂyoﬂéﬂgbbngwaﬁerﬁeaéﬁgéeﬂélredftO ilncyeabd beedeserabfethe
elimnate kL. cenhiLR! ¥anAROt DEL4aHAPT] %XdF¥2g§hcb HQngt %g gﬁgucgnre

stringent requirenents according to

nanot opoghaephy-oflihd §edgeoadutuaxombfehlcﬁhesnanbt@p@gi@bh@ fos
conventlggﬁébx g§9ressed as a height variation PV (= "peak to valley"),
based on~squaré neasurenent wi ndows with an area of 2 mMmx 2 nmm

15 While an edge exclusion of 2 mm is currently considered to be
acceptable, initially this size will become more difficult to
achieve in future years owing to the increase in the wafer
diameter to 450 mm, and subsequently it will even be reduced to
1 mm. This will only be accomplished by significantly reducing

20 the edge roll-off. It would be desirable to eliminate it

entirely.

Another quantity, which is subject to ever more stringent
requirements according to the ITRS Roadmap, is the
25  nanotopography of the semiconductor wafer. The nanotopography
is conventionally expressed as a height variation PV (= "peak
to valley"), based on square measurement windows with an area
of 2 mm % 2 mm.
Here again, it was found long ago that the previous polishing
30 methods are not sufficient to satisfy the increased

requirements of the semiconductor wafers.

Lastly, besides the edge geometry and the nancotopography, the
global and local planarities are also of crucial importance for

35 making the next and subsegquent technology generations possible.

One particularly critical property is the local planarity or

local geometry of the semiconductor wafer on its frontside.



Here again, it was found |long ago that the previous polishing 30 nethods
are not sufficient to satisfy the increased requirenents of the

sem conductor wafers. Lastly, besides the edge geonetry and the

nanot opogr aphy, the gl obal and |ocal pléanarities are also of crucial

i nportance for 35 making the next and subsequent technol ogy generations
possi ble. One particularly critical property is the |ocal planarity or

| ocal gemBEEEM etepberseatﬁﬁadugyodemaﬁas optitslfLoohsi geanbrilbder n

st epper technol o timal, lo Ianarltl S in regi ons of the
front5|d§ugfegﬁ8%§eﬁ§cBH EFBP CRafigr O % EgpF@@éﬁan BFtaﬁaﬁﬁEEIas SFQR ("site
frontssue&gegsé@aef@@cggamb@asasng@Re$ﬁé@agefronﬂagﬁrtaa@ ekfthenpesitive

and negative deviations froma frontside, defined by |east squares
ni ni ni zatFeAL §6Paée§6ﬁ66ﬁ@nt s@@gﬁéEU@ﬁEQ§UFEﬁEHPS hH%mﬂ“d"gﬁgét}V%f

defined dipepsiony. r¥bR gexkBHALLAQeal aBkapani by 10;%al HgusFORMaX i ndi cates
t he hi ghest SFQR value for the conponent surfaces taken into account on a

sen condUénérigarépn, Thernax FRURPIBBAI SPrAfaei {pesaraempstcuhEAti onal |y
det er m ned; -y, té%laeféﬁesdgﬁméﬁthﬁ OHTHE Ra TRt 0oRS§OHNEn A grea on a

15 sem conductor wafer 1nside a nomnal edge exclusion i1s conventionally
ref el® edveéuas SFRRxedigdarat¢sacba" highbpevEEDBdvalveFOAr Theseosppesniihi ch

e w LNsARALL-OL KR! (o8 ea aLaL den LNecFQy Bt uhosgegentors |ie 1nside

e FQA are referre rtiral srtes generally acknow edged
rule of thunb states that the SFCRaX val ue of a sem conductor wafer nust be

For . sem EendastBricassancht eREBLEY sRattced sant - EiatainaetRrRiatE ol e
| eads t oblotaging pnobdgasekoﬂusmensbépﬁemm antdot herefiote Atoalkessoof at he
relngntsemgB guctor wafer inside a ncminal edge exclusicn is
conventiocnally referred to as "fixed quality area™, abbreviated
to FQA. Those sites which lie with a part of their area outside
the FQA, but whose centers lie inside the FQA, are referred to
as "partial sites".
20
A generally acknowledged rule of thumb states that the SFQR,,,
value of a semiconductor wafer must be equal to or less than
the linewidth possible on this semiconductor wafer for
semiconductor components to be produced on it. Exceeding this
25 value leads to focusing problems for the stepper, and therefore

to loss of the relevant component.

Currently, the semiconductor wafers available on the market
correspond to the 45 nm technology generation (linewidth = 45
30 nm) which is gradually being replaced by the already developed
32 nm technology, and to this extent the component
manufacturers are also gradually changing their device
processes accordingly. The 22 nm technology generation, which
will follow this, is already in development. It has been found
35 that the conventional polishing methods are indeed not
sufficient for satisfying the requirements of the 22 nm design

rule.



Currently, the sem conductor wafers available on the market correspond to
the 45 nmtechnol ogy generation (linewwdth = 45 30 nn) which is gradually
bei ng replaced by the already devel oped 32 nmtechnology, and to this
extent the conponent manufacturers are al so gradually changing their device
processes accordingly. The 22 nmtechnol ogy generation, which wll follow
this, is already in developnent. It has been found 35 that the conventi onal
p?Iiﬁhingtn&bgaﬁsreﬁerbrdaedbﬂett &ﬂf%h@i?ﬂés&ﬁt igbbﬁtﬁngtﬁhperderanents
of the 22 nmdesign ru A t s therefore_an object of ,the present
“nvent | ofteHoPRigoraadatelbgoshich: RyCheERodShRFe She, KeguiFERFBES, RE
requisenmﬂt&r@ftéchnbub?ytg@h@@b@gbngeaaaa&éoeai@aﬁlbsf@@itﬁalaehor the new
generation of 450 mmwafers. Description of the Invention 10 Said object is
achi eved 95X afdCRo@r 48 CpBM ¥ALRFSbot h sides of a seniconductor wafer,
conprising the following steps in the order specified: a) polishing of a
backsi de of the sem conductor wafer on a polishing pad which contains an
abr asi ve Deisg&d ptionhefp shes fnygntionpad, a polishing agent solution which is
free of solids being introduced between the backsi de of the sem conductor

wafer and the polishing pad during the polishing speg; b) stock polishing
of tHe fPeAdsiolgect tlseashireveddbvt ar magghed fom popdbhinongophdsideshot
cont ai ns .a rasi ' Lot ; l,shi.ng ol.k-shi.ng. .agent

ol Ut 1 on AR Lo el e, | 4 mE 1R e B o e B TP SR e of
the senicedieduspercidafdr and the polishing pad during the polishing step;

Che! S0V, Soab UL OMRRS B e HEOUBIEB R ! BRSO O
polishing pad which contains an abrasive fixed in the polishing

15 pad, a polishing agent solution which is free of solids being
introduced between the backside of the semiconductor wafer and
the polishing pad during the polishing step;

b) stock polishing of the frontside of the semiconductor wafer
on a polishing pad which contains an abrasive fixed in the

20 polishing pad, a polishing agent solution which is free of
solids being introduced between the frontside of the
semiconductor wafer and the polishing pad during the polishing
step;
¢) removal of the microroughness and microdamage from the

25 frontside of the semiconductor wafer by polishing the frontside
of the semiconductor wafer on a polishing pad, a polishing
agent solution which contains abrasives being introduced
between the frontside of the semiconductor wafer and the
polishing pad during the polishing step;

30 d) finish polishing of the frontside of the semiconductor wafer
by polishing the frontside of the semiconductor wafer on a
polishing pad which contains no abrasive fixed in the polishing
pad, a polishing agent solution which contains abrasives being
introduced between the frontside of the semiconductor wafer and

35 the polishing pad during the polishing step.

The Inventor has discovered that only sequential polishing of

the front- and backside of the semiconductor wafer is suitable



of the sem conductor wafer on a polishing pad, a polishing agent solution
whi ch cont ai ns abrasives being introduced between the frontside of the
sem conductor wafer and the polishing pad during the polishing step; 30 d)
finish polishing of the frontside of th& sem conductor wafer by polishing
the frontside of the sem conductor wafer on a polishing pad which contains
no abrasive fixed in the polishing pad, a polishing agent solution which

ContainsfabraﬁhsesThéihgthéﬁtbOdBG&dbbEtMBPﬁlibﬁlﬁgoméﬁhd&sO®hibﬁ
sem conduct or, waf e 35 the ollshlna gad during hhf pO|IShlng step The
F §1d Bht
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backsi dedekckhesseil e@nduaE0y whfiebni BosHi kakke 8ref @atibesy The hltherto
used batc¢ch p O|IShInE nmet hods which polish a plurality of sen1conductor
|

waf ers, RBFBESACLER PrStBF§c§ndsPﬁﬁﬂtSﬁe@ﬁSF?PéﬁGeanBthngiﬁeglﬁ?e
entlrelyprbagggghglent for this and need to be replaced by single-disc
processing. This Single-disc processing of the front- and backsi de of the
10 sem conduct or wafer takes place sequentially according to the invention

and pref@ﬁ%@'¥1981Eh81§é”5r88éb§BhggoEaEﬂé”Eroﬁ@d bhq BQARLE8ESoEOLRe
pol i shing steps I ch correspond to stock polishing (as in conventional DSP)

and ﬂ%l|§ﬁmh90§@és§othéﬁercbakegpphaceosﬁqu@ntnéégwoacgﬁrﬁgngago|hhe
Conve”t'QH@ PE%E% an&5g%9fe958§ sshngnaf sLhe QBEE§h§ﬁ kenipLacgngi fper on

a second I ng I ne or n the sane one as used or proceSS|ng t he
frontsudeompruhessbntbopd&@ﬁbnngaEQBPSthblthtcerreapoadttoosteckng t he
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especi al kFprisespasd tpohbzghrhigesaphlnebifior aSngnecqnyeangne%sCM@)are much
snalhgr
The processing of the backside takes place either on a second
polishing machine or on the same one as used for processing the
frontside of the gemiconductor wafer, the latter variant
offering the advantage of making do with much less polishing
20 equipment than previously in conventional sequences which
always contain a DSP step and a CMP step, especially because
polishing machines for single-disc processing are much smaller
than the currently used large batch types and alsc have a much
smaller space requirement, and therefore entail entirely new
25 fabrication plant planning with forward-looking restructuring
of the fabrication lines. In order for the variant with the
second polishing machine, required for processing the wafer
backside, to be configured more effectively, it is conceivable
to equip a polishing machine for example of the Reflection type
30 from Applied Materials with fixed abrasive polishing pads on
all 3 polishing plates, and subsequently to carry out backside
polishing of the wafers. In a subsequent step, the already
backside-polished wafers are polished on the frontside on
another polishing machine of the same type, for example lot by
35 lot, in which case the polishing steps described under points

b) to d) are employed sequentially.

The concomitant simplifications of the fabrication sequences



than the currently used | arge batch types and al so have a much snmaller
space requirenent, and therefore entail entirely new 25 fabrication plant

pl anning with forward-|ooking restructuring of the fabrication lines. In
order for the variant with the second polishing machine, required for
processing the wafer backside, to be configured nore effectively, it is
concei vable to equip a polishing nmachine for exanple of the Reflection type
30 from Appkhedmbitenilaby wdthtibxed absaskweipgki.shing pads on all 3
polishing plates, and subsequently to carry out backside polishing of the
wafers. In a subsequent step, the already backside-polished wafers are

pol i shedThe phesbhentsiveatebn aarbbertppbkshbng fBCAChecOk hhe sane type,
for exanple | ot bé 35 Io%, ia whi ch case t?e ﬁolis i.n gﬁeps,des&ribed under
poi nts BYPEEVETCREe 1BnbFEy 8IS HGEREFAYI T THE PBALSRFHaREMSFRBAFFIEAL i ons

of the fahfegablyOAmpeayengeshd ehget Renmoberal hawpaddhtuoaal bgost savings. 5
The present invention nmakes it possible to achieve an _inprovenent in the
edge geodBPEYVERdt hEBSpBRISAdd SehFfEonluEfor ©SREFEr LRy thRpPETPREPPREI¥dge

rol | -of f ori RaP@tbbegkabnRy vhTREAVhRE hB8iBaehl ahisht 83re¥MhiNshespegt to the
nanot opol ogy or nanotopography, values are achieved which already Satisfy
10 t e 2ZhgnmdedmgAesdpa rudEi FeAPATSMeTREs i s possibl e because the two

si des of the sem conductor wafer can be adapted to one another in a
controlled way owing to the sequential polishing, for exanple in order to
posi ti veMpiss lsnpblgeabd et hecgusgethy twot Badedgelr sroseminendbched

accordin I pyentii 135S PO nti.cl ed b C , use the
Tot hod degeeTbed™ Beoh 2805F 0580588, AP tAREqar, s CenL Py e, 8ot ST R0
sequence twi ther seguenttialt peolEARIRG, sfops caample finoptrdede tochosstapelly) and

¢) ofisthg Fethod, REOLALNLLY thechaveREoDL g gharting fromthis

publication, 1n
The method according to the invention is not anticipated by the
prior art, because the method described in US 2002/00609967 Al
reguires exactly the opposite sequence with respect to the FAP

20 steps on the frontside (cf. steps b) and ¢} of the method

according to the invention). Starting from this publication, in
order to reach the present invention, the person skilled in the
art would thus have to go beyond the teaching disclosed
therein. There are not however any apparent considerations on

25 the basis of which this might be suggested.

With respect to WO 03/074228 Al, it should be emphasized that

the method described therein deals exclusively with the

polishing of copper, and it is regarded as unimportant therein
30 whether the polishing agent contains or does not contain free

abrasive particles in the first polishing step.

In the simplest case, the polishing agent solution according to
steps a) and b) of the present invention is water, preferably
35 deicnized water (DIW) with the usual purity for use in the

semiconductor industry.

The polishing agent solution may however also contain compounds



order to reach the present invention, the person skilled in the art would
thus have to go beyond the teaching disclosed therein. There are not however
any apparent considerations on 25 the basis of which this mght be
suggested. Wth respect to WD 03/ 0742281, it should be enphasized that

t he met hod described therein deals exclusively with the polishing of
copper, and it is regarded as uni nportant therein 30 whether the polishing
agent costghngsorodoes perbeoatai NVErees) ,alproasisse ywarddrdloes tien et 1 st

li shi .en. i ) < hi r . di
Po ot epao) S gV rbRReE, TRa08) " BOPastafinE AVEBLEg P IRY, F olihbATugz e < N
dei on§ zed ydabar e DKW, Qi t h tdier arseiahy pammaryi drorh ybeox ide heTMARM conduct or

i ndustry, .

The | i shing.-ag sol uti-on however, al cont ain_conpounds 10
such as Dot OReSar BORaD s O RES By b B EEE M e kR bR Be( RO Bf'=" e
hydr oxi deaf¢NaGH) arpet psefanrhyldr oxi dai§KOkEse, antrenpdneb hidr pxildeh( Ns40H) ,
tetranethélannnnguglhﬁdroxide élwﬁﬁé or .an nixtur%s therﬁgf TZS use of
pot assi UAYEAFbERAPETPE ROFESTRRIYI CUFar i) ér@?@??ea. FROPhie E8se? ERE pH of
t he poli shengropgent osobdt kandpeemetahly heshenpaliangagohigknem 10 to 12

and the proportion of said conpounds Ln the l'jshin ent 10,solution is
pr ef &f abfy 1 6ﬁpo?§1pf8%fé@§gyn$épﬁhﬁ;OﬁaFPi&ﬁ%a VyweggggerHBF§lFP ffeYol to

0.2% by wekgbtablherpehi shingtagentssplui;e@gnhary furthernore contain one or
nore further additives, for exanple surface-active additives 15 such as
wetting agents and surfactants, stabilizers acting as protective coll oids,

preservatheepolbkaghgesgeakcaBolisidRdnageauesheanbse Bshwaen shepsrb) and
c), a further FAP step is preferably 20 carried out by using a polishing

agent su8péfsitontheri addiEpveg), Lot ekpR1lgnspAPagggactive additives
15 such as wetting agents and surfactants, stabilizers acting as

protective colloids, preservatives, biocides, alcochols and

sequestrants.

Between steps b) and c¢j, a further FAP step is preferably
20 carried out by using a polishing agent suspension as in step
c), but with an FAP pad.

The proportion of the abrasive in the polishing agent
suspension according to steps c¢) and d) of the method according

25 to the invention is preferably from 0.25 to 20% by weight,
particularly preferably from 0.25 te 1% by weight.

The size distribution of the abrasive particles is preferably
shaped moncomodally.

30
The average particle size is from 5 to 300 nm, particularly

preferably from 5 to 50 nm.
The abrasive consists of a material which mechanically removes
35 the substrate material, preferably one or more of the oxides of

the elements aluminum, cerium or silicon.

A polishing agent suspension which contains colloidally



The proportion of the abrasive in the polishing agent suspension according
to steps ¢) and d) of the nethod according 25 to the invention is
preferably fromO0.25 to 20% by weight, particularly preferably fromO0.25 to
1% by wei ght. The size distribution of the abrasive particles is preferably
shaped nononodal ly. 30 The average partﬂ%le size is from5 to 300 nm
particularly preferably from5 to 50 nm The abrasive consists of a
material which mechanically renpves 35 the substrate material, preferably
one or mBEEPEESEhEidkicded SoPartheUdREREnPEeaREREAUMS 1deFRURPAr SEIi con. A

pol i shi ng agent %H%D%B%'@@s@@h@@e@OB%%b@ﬁ %@bhOIdehgxzé%" di sperse silica is
particul arly preferred (silica sol % 1 and the assocrated

descrfption; "d anzox"). 5 The pH of the pollshlng agent suspensi on

preferabinhel bas ol efte bRAGENAL S HOTLY Eﬁs% géﬁgygrgeer nerabby ad st ed by

additi ves selected odium-ca bonate otassi um car bonate
(K2C), rsodicumthydroxiddéc( RACH), apdt asspumihydbdyi ddjLetEROHY, armmoni um

hydr oxi de 4 gNgggHg SHEL %gﬁt@¥ LAma; Hﬁ'cﬁ¥goﬁékge &E%@ﬂé é}tlcéﬁ% ”res of

t hese conpou The "use otassrunrc onate |s
preferre@arﬁbeapel|Kb@@@,agamdlmmﬂhmdnmxamﬁy MUKHﬂernnwmaaanumuhydnuxuﬂe 15
addi tives exann ce-active adgltlves such as

nor e urt
mettﬂég agghgé R R TS gﬁ?& 3@? rstaE¥?%%t otective coll oids,

pr eser vathiyvesx toieodTti@s!) ekcehqlmlamdreseqmesheaetsomaauAQSSUWSEraeesowhrch
can be polished accor i_nvention particul ar, sem conduct or

1
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sapphire and silicon
The polishing agent solution may furthermore contain one or
15 more further additives, for example surface-active additives
such as wetting agents and surfactants, stabilizers acting as
protective colloids, preservatives, biocides, alcohols and

sequestrants.

20 As substrates which can be polished according to the invention,
in particular semiconductor wafers made of materials such as
silicon, gallium arsenide, Si,Ge:-x, sapphire and silicon

carbide may be envisaged.

25 Particularly suitable substrates are semiconductor wafers made
of silicon and substrates derived therefrom. The silicon
semiconductor wafer's frontside to be polished may be in a
state as it is cbtained after slicing the semiconductor wafer
from a crystal, after lapping the semiconductor wafer, after

30 grinding the semiconductor wafer, after etching the
semiconductor wafer or after the semiconductor wafer has

already been polished.

L substrate, which is derived from a silicon semiconductor

35 wafer, is intended to mean in particular substrates with a
layer structure, for example semiconductor wafers with a layer
deposited by means of epitaxy, SOI substrates ("Silicon On

Insulatoeor™) and sSOI substrates (8trained 8ilicon On Insulator)



carbide may be envisaged. 25 Particularly suitable substrates are

sem conductor wafers nmade of silicon and substrates derived therefrom The
silicon sem conductor wafer's frontside to be polished nmay be in a state
as it is obtained after slicing the senmléonductor wafer froma crystal,
after | apping the sem conductor wafer, after 30 grinding the sem conductor
wafer, after etching the sem conductor wafer or after the sem conductor
waf er hasndalcoeaeypibedn ngolinsketedAasebstroduef swhHifolr esamerldiev8G0fir em a

silicon $§%98§H9&E3&an§§m"‘%e nshia}g&egd?ﬂe%e@o?‘?af‘ in particul ar .
substrates wth a Tayer structure, Tor exanplé sém conductor wafers with a
| ayer5 deposited by neans of epitaxy, SO substrates ("Silicon On

I nsul ator)) and sSOV.substrates (Strained Silicaon On Insulatar) 12 and
correspoﬁ@@njn%ﬁF@Fﬁéaﬁgt8r898&ﬁgt§1590?ngigﬁﬁl CBEH SEMICENANESRIGer mani um
On | nsul atadre'r)s,t feweotvhizhTha versezredicata speedeet snalbsethrel ude donor
sem conductor wafers fton1which,ga¥§%s are tra@sferred,ont ot her

r

subst r at €8P SE&AEESul Ry R 1eke Yo b ofOBFSEuCINET8EPC183hslat es. In

order forudstirathe.reusabber ifbri stneéeepsarrukaple,sawotih hbeedener to
sem conductor wafer's surface exposed by the |layer transfer, which is
conpaf at iSVEIRFr §iGh SRRE Th&§Ta COBRNFAST e MRSEILC SsBdp TRR St REPEGGE PEgitbR. The

substrat ag'yesUihaceT 0 ke iRol iishedmpeed tnot1¢onsiugh ahd kassilicon, or only
of silicon. They may, for exanple, | ayers consisting of a Ill-V conpound

e
seni cond fEEGACEGEH Sad CgsltlePun 4hSefifge &fJ4RMal | oy of silicon and ger mani um
(Si.Gel _x). Oher exanples are |ayers of indium phosphide, galliumnitride
20 and al um numgal | i um arseni de. Such |ayers are currently of great
i nt erest Tihe sabsteaitas 't surheesr 6Qude erlaphed gred not consist of

15 silicon, or only of silicon. They may, for example, be layers
consisting of a III-V compound semiconductor such as gallium

arsenide or an alloy of silicon and germanium (SisGe;_y).

Other examples are layers of indium phosphide, gallium nitride
200 and aluminum-gallium arsenide. Such layers are currently of
great interest in particular for the production of "Light

Emitting Diodes"™ (= LEDs).

The surface of Si,Ge;., layers 1is often characterized by a
25 pattern, known as "cross hatch" and caused by dislocations, and
as a rule it must be smoothed before one or more further layers

can be deposited on it.

If substrates having layers of germanium or Si;Gei.x are to be
30 polished accerding to the invention, then the polishing agent
suspension or the polishing agent solution, or both, may

contain an oxidizing agent as a further additive.
Suitable oxidizing agents are hydrogen peroxide (H;0;) and ozone
35 (O3) . Their addition converts germanium into a water-soluble

compound.

Without their addition, particles that contain germanium may be



Emtting D odes" (= LEDs). The surface of Si,Gel_x layers is often
characterized by a 25 pattern, known as "cross hatch" and caused by

di sl ocations, and as a rule it nust be snoothed before one or nore further
| ayers can be deposited on it. If subsi3ates having |ayers of germani um or
Si.Cei-x are to be 30 polished according to the invention, then the
pol i shing agent suspension or the polishing agent solution, or both, nmay
cont ai n Aormxdldizi nge agentsasch fluetbel i adihd] viehiSui tabl ecoxtdhzting agents
are hydrﬁgﬁ erOX|dg éHZCQ) and ozone 35 (03). Their addition converts
ger mani ulk¥ T ht8° t&e?=%ol ubl e conpound. Wthout their addition, particles
t hat xontain gernanlunlnay be 13 fornmed in the course of the polishing,

whi ch can scratch the %shed %urface 5_Substr at ih a large dianeter,
for exanﬁF@SEF?F%%nW1§%n?c AEeRt Ot ek ef s (WPT hexamp ﬁe?é 1591300 Mmor in

parti cul gemiWbihdudr i anBE&F s of 1 4B 0a NH1 adé € POLF Shed mndbyi duabhy: aecdsdi ng
to the invention, The separate polishing steps (at |east 4 10 according to

steps a)"ib},acfiaRacey of fhe Wet h%aeare%%ah%@ {BILThduR hhEnt Fors dhne

carried oyt tpequepthel by, onnboshpthgeér Q@llsﬁﬂﬁigt becpackst deszdheqinvention
does not relate to sinultaneous O|IShIn8 A the 15 front- and the backsi de
Y]

at tHe sARBOFPHRI (DBPFLeRecdt di eht tom, nehngd opecrgEndf te he

sem condgghor nyefieloh$ a£§5@§9£i¥§|Mu@rQééééﬁgléﬂlﬁaSH Eé@ﬁe§§én9r§ﬁ€9
Essentially the sem conductor wafers are pressed, wth the aid 20 of a

"pol i shi pgdhehd"ba@kshdehe side surface to be polished against the
pol i shing pad placed on a polishing plate. A polishing head al so possesses a
"retainer ring", which

The invention does not relate to simultaneous polishing of the

15 front- and the backside at the same time (DSP). According to
the invention, only cne side of the semiconductor wafer is

respectively processed in each processing step.

Essentially the semiconductor wafers are pressed, with the aid
20 of a "polishing head", with the side surface to be polished
against the polishing pad placed on a polishing plate.

A polishing head alsc possesses a "retainer ring", which
encloses the substrate laterally and prevents it from sliding

25 off the polishing head during the polishing.

In modern polishing heads, the semiconductor wafer's side

surface facing away from the polishing pad bears on a resilient

membrane which transmits the polishing pressure being exerted.
30 The membrane is a component of an optionally subdivided chamber

system, which forms a gas or iiquid cushion.

Nevertheless, there are polishing heads in use in which a
resilient backing {("backing pad") is used instead of the

35 membrane. This resilient backing is generally applied on a
sclidly manufactured plate ("backing plate"). Between the
backing pad and the wafer backside, an air cushion may then

opticnally be generated over various zones on the wafer



encl oses the substrate laterally and prevents it fromsliding 25 off the
pol i shing head during the polishing. In nodern polishing heads, the

sem conductor wafer's side surface facing away fromthe polishing pad bears
on a resilient nenbrane which transmt$4the polishing pressure being
exerted. 30 The nenbrane is a conponent of an optionally subdivided chanber
system which forns a gas or liquid cushion. Nevertheless, there are
polishingahéadéeinFuSEhEmmwhbchtaereeskbiehsobaokﬁﬁgiOQbaehdﬁgipadéﬁ is used

i nst ead %Blkge h§5 g?r?atgoghl eal gbe"%EEBe i Sgeﬁg&§ Ly applied on

a solidly manu acture weef acklng pad and
t he waf el tbapksaicdé, anealbycmehnenoﬂay bheklngppﬂanalhmdba genetated over
vari ous zones are a

backsi d \ l.s
ROy 1t iz A N UL A it PR AR LI A 12 ST

so-cal | edht " éeaﬁhater;ng ewhbyhnhalsaoﬁealbadkthgcphabe and asedt abner

ring mhl p on a resilient backln ("ba d"). , The retainer
g R e B n S ProBa T FhALkRe6S PEohCalnson ThEt CrRelahi Sl mEPn AN,
its pOSIbeﬁshmnbheTﬁérth@bkdéébngfthﬁlsp@btaﬂh@g rThg mAkckaesslettthi s
retalner rlngﬁgagtbe sel, ected 10 is either thicker %han t he waf er

per - S@hit d8sErithed & §1§i§6 Egﬁpeahergéé§§eaeﬁaﬁgr” ¥hoEht hfnner,

in WhlCHe%@&@b%ﬂea%eé”b@L@b@QbUngré@%@%edswﬂﬁéé" Therpehiisherg oh the
substrate_ is carried out while supplying a 15 polishing agent between the

subst r at #h&Rf8 FRESPELES REAE Bé&léﬁalnﬁywﬁéﬁétﬂﬁguﬁﬁ@ pol i shing head and the
polishing plate. In addition, the polishing head nay al so be noved in

transl ati on over the O|IShIn ad so that nore conprehensive 20 use of the
po||sh|n6h§a@0§aﬁha@§ o3 5@ﬁ|évgétrﬁaﬁthérﬁéﬁéleﬁh@Uﬁewhéaeaééépéwhggté t he

I nveRsi oR TREHRG g GBEHLeHRUEadYRLI ¥ultkk 0B §hAgkRePLALesRRAdgTULE apkat e
by rotating the polishing head and the polishing plate.

In addition, the polishing head may alsc be moved in
translation over the polishing pad so that more comprehensive

200 use of the polishing pad surface is achieved.

Furthermore, the method according to the invention may be
carried out equally well on single-plate and multi-plate
polishing machines.

25
It is preferable to use multi-plate polishing machines with
preferably two, meore particularly preferably three polishing

plates and polishing heads.

30 Different polishing pads and different pelishing agents may
also be employed.

In the method according to the invention, a polishing pad that
contains an abrasive fixed in the polishing pad is respectively

35 used in steps a) and b) (FAP or FA pad).

Suitable abrasives comprise for example particles of coxides of

the elements cerium, aluminum, silicon or zirconium and



pol i shing machines. 25 It is preferable to use nulti-plate polishing
machines with preferably two, nore particularly preferably three polishing
pl ates and polishing heads. 30 D fferent polishing pads and different
pol i shing agents may also be enployed.13n the nmethod according to the
invention, a polishing pad that contains an abrasive fixed in the polishing
pad is respectively 35 used in steps a) and b) (FAP or FA pad). Suitable
abr asi vesacbipiéseof ohaedaspbet pact s cbesh oés oxi esonf cathidel ebents ceri um
aluninun%.filicon @r zirconiumand 15 particles of hard substances such as
silicon Qarbide, *BAr Bh"™AFEti de and dianond. 5 Particul arly suitable
pol i shi ng pads have a surface topography inposed by replicated
nicrostrgctures These nicrfstrUftures é"$OStS"% have,ffor exaqgle, t he
shape of F2bF U2 hr Y SR -ahf ¢ P f tEP1RY PAHSGRREF ¢roubiect: FarPerabhé shape
of pyranmigscsdQ By pypantd:édUusi UiSst SUEPuPOL 1 Shhoge padsrasergoruessi al |y
avai l able, and are provided for exanpl 3M Cor USA (for exanple "ESP

" a e b )
001" frénP3KES Nb?%vﬁet5?¥eﬁxﬂ%gk?ing%négﬁﬁesﬂghgﬁ%ngﬁi%staﬂs are 15

cont ai nedy 1§ AArexammPbe, pb Dy Y192/ 48680 Abcandn USr 2005/ 221680-f Abyradigsep
c), a stock polishing pad is preferably used. A polishing pad o¥ t he SUBAT"

rang® f r 8 RERATEAHAERSSFY™For 20 exanpl e suitable for this, for exanple
SUBAT" 1250 ("stock pad") or a typical CWP polishing pad ("finishing pad")
such as SPM 3100 from Rodel (r). It may however al so be an FAP polishing pad
as in stépch)Petishéngephdd ateoFdnngrEbathe aVivbhePon; @ ape

provided for example by 3M Corp., USA (for example "ESP 001"
from 3M). More detailed descriptions of such polishing pads are

15 contained, for example, in WO 92/13680C Al and US 2005/227590
Al.

In step c¢), a stock polishing pad is preferably used. A
pclishing pad of the SUBA™ range from Rohm & Haas is for

20 example suitable for this, for example SUBA™ 1250 ("stock pad")
or a typical CMP polishing pad {("finishing pad") such as SPM
3100 from Rodel®. It may however also be an FAP pclishing pad
as in step b) of the method acceording to the invention, i.e. a
polishing pad which contains fixed abrasive unlike stock and

25 CMP polishing pads.

Processing steps b) and ¢} may thus involve the same polishing
pad, or different polishing pads may be used. In step ¢), for
instance, an FAP polishing pad may be used. It is, however,

30 also preferable to use a CMP polishing pad.

A CMP polishing pad is used in step d), for example SPM 3100
from Rodel® which contains no fixed abrasive. Step d)
corresponds to a conventional CMP polishing step. The CMP

35 polishing pad may be conditioned by means of standard pad
conditioning. For example, diamond dressers from KINIC may be

suitable for this.



pol i shing pad which contains fixed abrasive unlike stock and 25 CWP
pol i shing pads. Processing steps b) and c¢c) nmay thus involve the sane
polishing pad, or different polishing pads nmay be used. In step c), for

i nstance, an FAP polishing pad may be uged. It is, however, 30 al so
preferable to use a CW polishing pad. A CW polishing pad is used in step
d), for exanple SPM 3100 from Rodel (D which contains no fixed abrasive.
Step d) Exzosplesponds to a conventional CWVP polishing step. The CWP 35

pol i shi may., be congjtioned ans of_s dar ad _conditioning. For
PP T SOl to i Ny na o d i )

exanpl e dressers f1o0 ma a S. "16 Exanpl e
An FAP pathddiom3M Garh ,adiSh i wapausteid fay fihedxemptairry maédendodi nent ,

ith abrasi. ticl i,xed therei de of I id d wth
n' aver S5 PRI KIS el GO0, SEpit - BEPOBESPS TABG T ehod Tn exdfpl ¢ of

the processsseyguence for frontside 10 polishing with all the inportant
paraneters. A nmulti-plate polishing machi ne was used for the tests (AVAT
Refl ection from Applied Materials, Inc.). 15 The polishing nachi ne conprises
a 5- ZONET4BTI BN S rdrerexamifli € ho @l d oo e i essilicendy of d ot ef einttdieicarrier
to be set _differently in 5 zones. The process paraneters specified in Table
1 ar® f @RS HHd! Db pers ORI 138 BH aW-245%- of wafer polishing, so
that a detailed explanation may be omtted here. Mst of the paraneters
are to be counted as prior art, optimzation of these paraneters (pressure,

speeds) A yihE- WR TR tBfel YHhgw diactubie i13s dised pes o e ki Wﬁﬁe art.
The essence) O&ft {de 20omh MG QD wPNSE 815 | nrddg processing sequence and the

pol i shi ng
15 The polishing machine comprises a 5-zone membrane carrier,
which allows tne pressure profile of the carrier to be set

differently in 5 zones.

The process parameters specified in Table 1 are familiar to the

20 person skilled in the art of wafer polishing, so that a
detailed explanation may be omitted here. Most of the
parameters are to be counted as prior art, optimization of
these parameters (pressure, speeds) lying within the range of
ability of a person skilled in the art. The essence of the

25 invention consists in the processing sequence and the polishing
pads respectively used for this (FAP or CMP, fixed abrasive:

yes/nc) and the polishing agents (solution, suspension).

A stock polishing step was initially carried out on plate 1 by
30 using an FA polishing pad and a polishing agent solution

(potassium carbonate K;CO3). A smoothing step was subsequently

carried out on the same polishing plate, likewise with an FAP

pad but by using a polishing agent suspension.

35 Steps 3 and 4 on plate 2 and plate 3 correspond to conventional
CMP steps.



pads respectively used for this (FAP or CMP,
t he polishing agents (solution,

suspensi on).

fi xed abrasive:
A stock polishing step was

yes/ no)

and

initially carried out on plate 1 by 30 using an FA polishing pad and a
(pot assi um carponat e K2COB) .
~carried out on the sane polishing plate,

pol i shi ng agent sol ution
subsequent |y

A snoot hi ng step was
| i kew se with an FAP

pad but b te 2
and pl ate| 8oe95hgagoBIata cONVenti @alee GVP Steps. piZeePel i ShpndeB! atel Plate
1 Plate 2| Plate 3 "Step sequence Stock Snoot hi ng SnDothlng Smoot hi ng (st ep
1) (step R) (step 3) (step 4) Pressure profile 1/3.2/ 4.1/3.2/ 4. 1&3 2/
4.1/ 3. 2/ h ne 3. Al 4. 4.0/ ler.4.0/4.0
£ 030 o SeeblEelREETC P Bhoke ! Dopdothirt) g@é‘é@%g o i
ggggs;ﬂ eO'_Li] Agent K2CO3 @ asme@élg amzdmpGlZanz Xst8p23wm %8@1@02})]3900*)
* 0 n
Pol i shi ng ?Fnﬁ?“ﬁ Eiw%iéﬁ %o%[ S]Z/PPét' é?heég geg/glg/lzg‘l 1%5‘" 194
T11?{123 Lb8/ tRa méﬁbﬁhné[r¢m]47ype of 3pad4- 07 ip3suyuw,.onm sjeui/condi ti oning
Application - jef 4 4.0/4.0 [4.0 4.0 1.0
Zone 1-5 [psi] N
Retainer ring 7.5 F;iS 7.5 7.5
application
pressure [psi] 4J
Agent K-CO4 Glanzox Glanzox Glanzox
0.2 wt 3900%*) 3300%*) 3900%*)
] 0.8 wt.% |0.8 wt.% |0.8 wt.%
(Flow rate 0.5 0.5 0.5 0.5
[1/min] ]
Polishing times [33 127 160 W160
 [s] ] ]
Plate/head speed | 119/123 (119/123 119/123 119/123
[rpm] /[rpm]
Type of pad - - in situ in situ -T
conditioning
Application - - 4 4
pressure of the
pad conditioning
unit [1b] | B |
Pad conditioning | - - 100 (100 ‘
speed [rpm] |
Polishing pad FAP pad FAP pad CMP pad CMP pad
0.55pm 0.55pm 44}SPM 3100 | SPM 3100
Table 1

5 *)Glanzox 3900 is the product name of a polishing agent

suspension which is available as a concentrate from Fujimi

Incorporated, Japan.

The concentrate, with a pH of 10.5,



pressure of the pad conditioning wunit [Ib] Pad conditioning - - 100 100
speed [rpm Polishing pad FAP pad FAP pad CVMP pad CMP pad O0.55pm 0. 55pm SPM
3100 SPM 3100 Table 1 5 *)d anzox 3900 is the product name of a polishing
agent suspension which is available asiga concentrate from Fujim

| ncor porated, Japan. The concentrate, with a pH of 10.5, 18 contains about
9% by weight of colloidal Si02 with an average particle size of from30 to

40 nm  Then Sl O2s cand@ntod ndi cat eeho dn dabl & dad SssRXPLESSedn Rvkee of the
pol i shing agent. The Nanomapper(r) instrunent from KLA Tencor was used to

study tPRr rbfbt opotr aphylTahi 20 iR et erbneli X0 Gondiene AgaicaEasuri ng
topogr aphy tdhidier range; of betyesn ¢ 20mm and: 200m ody 40, the {4 ontside of a

sem conductor wafer. During the neasurenent, the sem conductor wafer is
pl aced on a soft flat wafer holder (chuck). The peak-to-valley (PV) val ues

bt ai . . —— t el
wth & 2 e e L e, A L A R I et er)
15 in respectanttgeakedmh wal Tleys deviat fonsteter the SHAX ankd ySés ("t hreshol d

hei ght anal sis"%, for details see SEM Standard M3, the 3-si PV val ue
hesTl napesYabind et e tift i %65 e S PSPl d) Y2
so- cHl | edhd HA vat sriede 20F Tdhes svaf @srsdypot ¢ 1s hedf e ¢ obwht ivgy ttchd he=a swventé:on, gave
a THA value of. 10 nmor better.. Wh usi ng the [ i ﬂ%n raneters
epec fi otT P REF P AICLOR Yo Vol 1e® Of LECHE (it vias® Oblt af TR WorHEE TSR S
range cot¢lesponderhd opddie-od-orenent i ored €41.6d €Sombd ned 2remfdieemdégr. This
THA valu? is often also refe§red to as , )
Gaussian high-pass filter) and analyzed on circles with a 2 mm
diameter (in addition, also on circles with a 10 mm diameter)
15 1in respect of peak-to-valley deviations. In the THA analysis
("threshold height analysis"), for details see SEMI Standard
M43, the 3-sigma PV value was finally calculated from the

distribution of all the PV values, as a so-called THA value.

20 The wafers polished according to the invention gave a THA value
of 10 nm or better. When using the polishing parameters
specified in Table 1, a THA value of 5.1 nm was obtained. The
analysis range corresponded to the aforementioned circles with
a 2 mm diameter. This THA value is often also referred to as

25 the THA-2 value, in order to make it clear that small analysis
windows of 2 mm diameter were employed. Further improvements in
this parameter are to be expected from optimization of the

polishing process.

30 A semiconductor wafer polished according to the invention thus
has a nanotopography, expressed as THA-2, of from 1 to 10 nm,

preferably of from 1 to 5 nm.
The improvement in the edge geometry by improving the local
35 planarity of the so-called "partial sites" will be explained

below with the aid of Figure 1.

Fig. 1 shows the distribution (frequency) with which particular



25 the THA-2 value, in order to make it clear that small analysis w ndows
of 2 mmdianeter were enployed. Further inprovenents in this paranmeter are
to be expected fromoptimzation of the polishing process. 30 A

sem conduct or wafer polished according to the invention thus has a

nanot opogr aphy, expressed as THA-2, of fpom1l to 10 nm preferably of from
1 to5 nm The inprovenent in the edge geonetry by inproving the local 35
planarity of the so-called "partial sites" will be explained below wth the
ai d of Fisggre vhiukkgoctughews thBepdi-stibiibdtiier, (bhegueney: wahh wWhirch
particular 19 SFQR values occur in the partial sites, on the one hand for a
waf er bef'8EETcRELYIRy COGEYERE RBLhEACaPFEEPARNGCEBTEREY RPeRTIPoANEERRAONN t he

ot her scaggqafter hkherwaheralas Jkeer RALi ghed AacOLALRILLA ikRR4I NVention. A
DSP- pol i shed wafer of nonocrystalline silicon with a dianeter of 300 nm was

st udi ed. acgogrden to &bpabhivehtika.effect of the 10 nethod according to the
i nvention on the edge geonetry, the sanme wafer was subjected to
correspondi ng polishing of the frontside, for which the foll ow ng

par anet efs Digr-gcenphegedafeef ofstmeposegeendeésnenstabkenlyith pl diemgtwict h

FAP pad: st 1. 3 e l.y K2 Lution 2% 15 [ );
subsequeﬁ?ﬁé%gtgg 9%8%§§@lépén§§30?§$ ig% E%Ef%fésélg ésggfggg gfwfpﬁ
haze-16r eaeblods hicng rpadg( EMPth8PVNIE0Q1pn and texckuskevegkynEanzoxhas

pol i shing _agent;. in each case 43 _sec. 20 A significant i.nprovenent by about
001" um et ol sven s M IERe e Bt CPFEBaPrBR LA PhEOLRORER OF CHB part:al
sites is falossiidepr advedwhy cabalk thils odibynbarihe teethad raceapdongdt o t he

ggégn:;gigﬁé %Q%%eggaﬁe%%g%agheTLg&e a?:lnprOV|ng the |l ocal geonetry in the

- plate 1 with FAP pad: step l: 33 sec only K;CO3 scluticn (0.2%
15 by weight); subsequently step 2: 8 sec Glanzox (silica scl).

- plates 2 and 3 with haze-free polishing pad (CMP "SPM 3100")

and exclusively Glanzox as polishing agent; in each case 43

sSecC.

20 A significant improvement by about 0.01 pm is found over the
entire distribution. The SFQRu.; of the partial sites is also

improved by about this amount.

The method according to the invention is therefore suitable for

25 improving the local geometry in the edge region.



20 Patent clainms: 5 1. A nmethod for polishing both sides of a sem conductor
waf er, conprising the following steps in the order specified: a) polishing
of a backside of the sem conductor wafer on a polishing pad which contains
an abrasive fixed in the 10 polishing pad, a polishing agent solution which
is free of solids being introduced between the backside of the

sem conduct or wafer and the polishing pad during the polishing step; b)
stock p@ddHiEG1afiddre frontside of the sem conductor 15 wafer on a
pol i shing pad which contains an abrasive fixed in the polishing pad, a
pol i shing agent solution which is free of solids being introduced between

the frontsid i fer,. t i shj uring the
polighigg stgbgkggkgfjign]ggﬁgﬁﬁ&gaé%ﬁ¥%F%?%%bﬁﬁgfg%gﬁgnﬁgg¥§ggﬁgge fromthe
frontsi de of waferseriagnducing tlef éroldypwiolg sttaps time thfer entdsirde of t he
seniconductok;mafgg.qﬁ a polishing pad, a polishing agent solution which
cont ai ns abr &85 ei'ng introduced between the frontside of the

sem conduct ora)2patafsiirandf ke faiksidan g Hachad wamigrdriteiqradt shifey sdre@ d)

finish polishing qf. the frontside of the sem gonductor.. wafer ol i shing
the frontsidé ogfglsghlél %éjrﬁc%owﬂ’ﬂluc& SOGRYE Bh rpaosilivs%ifnlgxepéa&nv\h%eﬁ cont ai ns
no afrasive fgoedshiny tgiel pal igdliinghipaf agedoldshitioagaiicisolditiee WH ch 30
cont ai ns abrasives helng introduced. hetween the frontsjde of the

sem conduct orSHE RS R FRITGRh PSFIETUrGhfy PaHeE I8 iShithf step. 2. The
nethod as cl aidmithdritid @ Myla f &R &0l dIsHP SaBangey Rl ution

according to steps a) and b) is water or
polishing step;
b) stock polishing of the frontside of the semiconductor

15 wafer on a polishing pad which contains an abrasive fixed
in the polishing pad, a polishing agent solution which is
free of solids being introduced between the frontside of
the semiconductor wafer and the polishing pad during the
polishing step;

20 c¢) removal of the microroughness and microdamage from the
frontside of the semiconductor wafer by polishing the
frontside of the semiconductor wafer on a polishing pad, a
polishing agent solution which contains abrasives being
introduced between the frontside of the semiconductor

25 wafer and the polishing pad during the polishing step;

d) finish polishing of the frontside of the semiconductor
wafer by polishing the frontside of the semiconductor
wafer on a polishing pad which contains no abrasive fixed
in the polishing pad, a polishing agent solution which

30 contains abrasives being introduced between the frontside

of the semiconductor wafer and the polishing pad during

the polishing step.

2. The method as claimed in claim 1, wherein the polishing
35 agent soluticon according to steps a}) and b} is water or
aqueous solutions of the compounds sodium carbonate
(Na,CO,) , potassium carbonate (K,CO,), sodium hydroxide

(NaOH) , potassium hydroxide (KOH), ammonium hydroxide



aqueous sol utions of the conpounds sodi um carbonate (Na2CQO3), potassium
carbonate (K2C33), sodi um hydroxide (NaOH), potassium hydroxi de (KOH)
anmoni um hydroxi de 21 (NH4AOH), tetranethyl ammoni um hydroxi de (TMAH) or any
m xtures thereof. 5 3. The nmethod as clxainmed in claim2, wherein the pH of
the polishing agent solution is from10 to 12 and the proportion of said
conmpounds in the polishing agent solution is fromO0.01 to 10% by weight. 10

4. The met hod@sog) ai esérhae%gl%msh%msh}dyexﬁemﬁaﬁnv 8r EHyther
pol i shi ng step i‘s carried out between steps b) on a polishing pad

whi ch cont ai Msixdmses ddieredfi.xed in the polishing pad a pol i shing agent

sol uti on which 15 contains abrasives being introduced between the frontside
of the sem conductor wafer and the polishing pad during the polishing step.
5. The nkt hodlhes metdiadedid relenanagt igl ailesind 2,0 wWdienghier dile tdik o220 hs oporti on

B 15 prot o iy ol B AT MR W AL R e o e
one of clai mprbgort3omier edaid heamgkﬁlmia)pmthlmﬁ paflidieimpraasnte in the

pol i shi ng agent, _.sus enS| n_a rdin teps.c and d) is preferably from
0.25 to 1% by’ tdtﬁrp B 00r1‘-c)<:lx’gs'L Hdipihtel ai m 6, wherein the
avermge 30 particle S|ze is from5 to 300 nm 8. The nethod as clained in

et hod 4 ol AHedS Bk @D I Tt P (5,0 T (hd'o 3, wherelh & |
further polishing step is carried out between steps b) and
c) on a polishing pad which contains an abrasive fixed in
the polishing pad, a polishing agent solution which
15 contains abrasives being introduced between the frontside
of the semiconductor wafer and the polishing pad during

the polishing step.

5. The method as claimed in one of claims 1 to 3, wherein the
20 proportion of the abrasive in the polishing agent
suspension according to steps c) and d) is preferably from
0.25 to 20% by weight.

6. The method as claimed in one of claims 1 to 3, wherein the
25 proportion of the abrasive in the polishing agent
suspension according to steps c¢) and d) is preferably from

0.25 to 1% by weight.

7. The method as claimed in claim 6, wherein the average
30 particle size is from 5 to 300 nm.
8. The method as claimed in claim 7, wherein the average

particle size is from 5 to 50 nm.

35 9. The method as claimed in one of claims 1 to 8, wherein the
abrasive in the polishing agent suspension consists of one
or more of the oxides of the elements aluminum, cerium OY

silicon.



abrasive in the polishing agent suspension consists of one or nore of the
oxi des of the elenents alumnum ceriumor silicon. 22 10. The nethod as
claimed in claim9, wherein the polishing agent suspensi on contains
colloidally disperse silica. 5 11. Thedrethod as clainmed in one of clains 1
to 10, wherein the pH of the polishing agent suspension lies in the range
of from9 to 11.5. 10 12. The nethod as clainmed in one of clains 1 to 11,

wher ei n he i ST toSUspensi 1S ,adjst hy, 5 ,addi tives

sel ect edlt? r on%ﬁ%én@%ongﬁ%gg%&s , pol%ssv?ru%rr}ilezlax?cbgoﬂrgt e J%Zhl , sodi um

hydr oxi de ( NaA¥9nt PeArssssion ertoxdne (Ko idanmo rdispdsss oxd becd NHAOH) ,

15 tetranet hyl anmoni um hydroxi de (TMAH) or any m xtures of these conpounds.

13. The method as clained in one of clainms 1 to 12, wherein the polishing

pads uselli n Biepset@)odrk b)laomdiim 2thabriasi eisns el eot € f rvdmeypsin i cl es of
al um nu silicon or zjrconium.or articles

oxi des of th el n cer
of hard substaNees® <t rrie B 1R 199 PR (H R B HHarEe 28
14. The met hoof afrah & nesl im. Dne of clains 1 to 13, wherein a polishing pad
whi ch contains no fixed abrasives is used in step c). 15. The nethod as
claimed in one of clains 1 to 13, wherein a 30 polishing pad which contains
fixedh abrasi VEne Snatsiest ide Sl@eimed - ird Gond hef netaatk as b al Tedvhdr€imi m 15,
wh [ lishi d it [ i d dj Clajm13. 35
erein a pol Lehifg Pc, MLl PREASVSSal® HESLASRS 0% st 8 By
additives selected from sodium carbonate (Na,CO,),
potassium carbonate (K,CO,), sodium hydroxide (NaOH),
potassium hydroxide (KOH), ammonium hydroxide (NH,OH),
15 tetramethylammonium hydroxide (TMAH) or any mixtures of

these compounds.

13. The method as claimed in one of claims 1 to 12, wherein
the polishing pads used in steps a) and b) contain
20 abrasives selected from particles of oxides of the
elements cerium, aluminum, silicon or zirconium or
particles of hard substances such as silicon nitride,

boron nitride or diamond.

25 14. The method as claimed in one of claims 1 to 13, wherein a

peolishing pad which contains no fixed abrasives is used in

step c).

15. The method as claimed in one of claims 1 to 13, wherein a

30 polishing pad which containg fixed abrasive is used in

step c}).

16. The method as c¢laimed in c¢laim 15, wherein a polishing pad
with abrasives is used according to Claim 13.
35
17. The method as claimed in one of claims 1 to 16, wherein

the semiconductor wafer is a silicon wafer with a diameter



17. The method as clainmed in one of clains 1 to 16, wherein the

sem conductor wafer is a silicon wafer with a dianmeter 23 of 300 mm or
nore. 5 18. A silicon wafer having a dianeter of 300 mm or nore, which
conprises a front- and backsi de polishegzby a method according to claiml
and a frontside nanotopol ogy - expressed as THA-2 (SEM Standard M43) - of
froml to 10 nm 10 19.The silicon wafer according to claim 17, having a
frontside nagetopdl REYor g¥peessed as THA-2 - from1l to 5 nm 20.The
silicon wafer according to claim17 or 18, having a 15 dianeter of 450 mm

5 18.A silicon wafer having a diameter of 300 mm or more, which
comprises a front- and backside polished by a method
according to claim 1 and a frontside nanotopology -
expressed as THA-2 (SEMI Standard M43) - of from 1 to 10
nm.

1)

19.The silicon wafer according to claim 17, having a frontside

nanotopology - expressed as THA-2 - from 1 to 5 nm.

20.The silicon wafer according to claim 17 or 18, having a

15 diameter of 450 mm.



