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1 Method for Polishing both sides of a Semiconductor Wafer The invention
relates to a method for polishing both sides of a semiconductor wafer. In
particular, the invention is intended for polishing silicon wafers of the next
technology generations, primarily wafers W which have a diameter of 450
mm. At present, polished or epitaxially processed semiconductor wafers

“with a diameter of 300 mm are used for the most demanding applications

in the electronics industry. Silicon wafers with diameters of 200 mm are
gradually being replaced by 300 mm wafers. IS An essential reason why
the electronics industry desires larger substrates for the production of their
compesients, whethel tsictopreeassorsd=metarsehipgrgsides ivtiter
enormous economic advantage which they promise. In the semiconductor
industry it.has for a long.time been customary.to focus on the availabl
e o e Sl Bhipepene
CUTHPOTRTHE RS, i€ Thips or memory chips, can be accommodated on
an individual substrate. This is related to the fact that a multiplicity of the
componentunanyfacitrerserds Progessing:sieps are- atuedsatiihe eatite:on
substrate, putthere are.also thejodividual steps.for struptring the ce s
sbsyates e praducing the component sirigtures which, sugerenty
Ivézei. o the individtal chips, anc erefore the prodrbc’tippn Ccosts or both
GrotiFs of praceSSingSstep s are- detétiningd \?’éﬁﬁ% particufarfy Byher ©f
Siitfstratessize: SHive Substiztersizg inflences the produrtioprcosts pére
enmponeitde aveky considenahlerextantand is therefate of imprense mm
8GRNgMIG impartance, 35 Haweyar incregsing, the substrate diameter

entails great and sometimes entirely new, hitherto unknown technical
problems Lastly all the processing steps, whether they are purely

‘An essential reason why the electronics industry desires laxger

substrates for the production of their components, whether
midroprocessors or memory chips, resides in the encrmous
economic advantage which they promise. In the semiconductor
industry it has for a long time been customary to focus on the
available substrate area, or in other words to consider how
great z number of components, i.e. logic chips or memory chips,
can be accommodatéd on an individual substrate. This is related
to the fact that a multiplicity of the component manufacturer's
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 indiwvidual chips, and therefore the production costs for

‘both groups of processing steps are determined very

particularly by the substrate size. The substrate size
influences the production costs per component toc a very

considerable extent, and is therefore of immense econowmic

importance.

However increaging the substrate diameter entalls great and

sometimes entirely new, hitherto unknown technical problems.

Lastly all the processing steps, whether they are purely
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2 mechanical (sawing, grinding, lapping), chemical (etching, cleaning) or
chemical-mechanical in nature (polishing) as well 5 as the thermal
processes (epitaxy, annealing), require thorough revision, in particular
with respect to the machines and systems (equipment) used for them. The
present invention focuses on the polishing ofa  conductor wafer as the
last essential processing step when the wafer is intended for the
production of memory chip-s, or in principle as the penultimate essential
processing step which precedes epitax%/ of the semiconductor wafer, when
the wafer is intended to be used as a so-called epi wafer for the

9{@%@1%15 of micrgprocessarsy ,The pavertor hasdiscovereddhatdhe
%f cess of polishing 450 mm. wafets raqyires a fundamental chande, e11

ose po |sh|n methods known in, thee%vlor art, \/Xhlch have been ta en_ ..
|‘?ﬁo Woéﬁﬁgﬂg‘?étlgﬁ 16F FRRRING TS e porf’sﬁln § WbeeES Wi Be o709
preserited bepve aridyesaentially |ﬁ%%ﬁldb‘i’flé§ﬁoﬁ@%ﬁ%ﬁés and
eenventonaky tisedrmetheds of doubilessided polishing (DSP) and
chemical mechanical polishing (CMP), which in one case comprise

holsting oaih sides ol semiconclidar walen by means ola 25 poishing

e supp ying a polishing agent as stoc pollshlng (SDSP st % %

ﬁf“é“bﬂ?é’ldé‘z%éjﬁnﬁﬁﬁllglﬁlnﬁ_‘gf gﬁﬁfthees Fohtdite (tha“EompEnent Sidk
Wil evading a%oft@kp%ﬁﬁ%ﬁm@paﬁ“&s%Wé&ﬂéd%z‘éﬁfﬁé@‘ﬁéh’sﬁ%ﬁj(”cw in
step dinishing"); bat adsm relatively aevesoicdlled thixed abrashvap30hich
BQQ%@M (EAR:technslegiessiawhishithe semisenducigewalgr iSiafer 1s

F R%daoq 0"Sh'n paagsﬂ nggh%m%acg a'agjég}a@;%swge%efmﬁa%m

Ing pa fixed- raS|ve pad”). A polishing step, in which such an

? Iﬂ‘b%o"%’i?@sﬂﬁﬁﬂsbe referred to below as an FAP step for brevity. 35

WO 99/55491 Al describes a two-stage polishing method with a first FAP
pelishing:atep-and A slibsegueat secand-:Cd R palishing Step L Fen GMPLS0
ﬁ{‘&? Mé@@%@@gﬁ%s Qoif&@@ﬁ&lf@@d change. Those pclishing
methods known in the pricr art, which have been taken into
consideration for defining the new pelishing process, will be
presented below. They essentially involve modifications of the
conventicnally used methods of double-sided polishing (D3P} and
chemical-mechanical polishing (CMP), which in cne case comp;ise
polishing both sides of a semiconductor wafer by mesns of a
polishing ped while supplying a polishing agent as stock
polishing (DSP step) and in the other case finish pelishing of
only the frontside (the "component side) while using a softer
polishing pad as so-called haze-free polishing {CMP step,
"finisﬁing“), but also relatively new so-called "fixed abrasive
polishing"” {FAP) technologies in which the semiconductor wafer
is polished on a polishing pad but the latter contains an
abrasive fixed in the polishing pad ("fized-abrasive pad”). A
polishing step, in which such an FAP pad is used, will be

referred to below as an FAP step for brevity.

WO 99/554%1 Al describes a two-stage polishing method with a
first FAP polishing gstep and a subseqguent second CMP polishing
step. Fox CMP, the polishing pad does not contain fixed
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abrasive. As in a DSP step, abrasive is introduced here in the form of a
suspension between the semiconductor wafer and the 5 polishing pad.

~ Such a two-stage polishing method is used, in particular, to remove

scratches which the FAP step has left behind on the polished surface of
the substrate. EP 1 717 001 Al is an example of FAP steps also being
used for N the polishing of semiconductor wafers, on whose surface
component structures have not yet been formed. The polishing of such
semiconductor wafers is primarily aiméd at producing at least one side
surface which is particularly flat, and which has the smallest possible
microreyghness;and nanotepographys 1544S:2002(00609967 Alrelatesdta:
G, methods It planayizing, lobparaphical susfages. durina e praretion
of el%ctrpnlc corﬁpohehts. The primary aimis to alleviate the disadvantage
rcoriipArativaR; I FBnfoVaIates Whé tisfitd FAPDOIRhiAG pHds 20 A
sequéncé of polishingaste pedsproposedh Hs wiieh polfsHihgrs edrietitéut
first with e EAP patiisheambindtion with ahpolishiagragent suspension
and subsequently with an FAP pad in conjunction with a polishing agent
solution, The segrence of steps is.deliberately, sglecled Inrder oo cor
incréaseé lthe‘removafzgura?e. The polishing of wafers-made of a material
With & homdgen&dus ToHpBERIT fol BXEhTHle i8R Waftts - i hot
alisclosetttrares tikewise yWOCO3 074 228°A| HsFelisclbsesny cthoer ©F
far30 planadzing-topographicalisufaces during:thepraduptionwefing at
?LL?(%@Q{HSC%‘EHQ”%%?Haﬁér%rﬁ‘ﬂ@mft%%:j%%ﬁl%gﬂ\é%ﬁtfp&ggﬁig%@ thei en
ndpojnt detection of the method. As is known, endpo, on
AR R A
before it causes the removal of 35 regions which are not in fact intended
rbapGlisHed 7P6 thisl 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.
A seguence 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 sequence of
steps is deliberately selected in order fo increase the removal
rate. The polishing of wafers made of a material with a

homogeneous ceomposition, for example silicon wafers, is not

‘disclosed thersin.

Likewise, WO 03/074228 Al also discloses a method for
planarizing topographical surfaces during the production of
electronic compconents. 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
regions which are not in fact intended to be polished. To this
end, a two—stage method is propeosed for polishing a copper
layer. In the first step polishing is caxrigd out with an FAP
polishing pad, in which case the polishing agent optionally may
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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 4 or may not contain free abrasive
particles. In the second polishing step however, in which polishing is
likewise carried 5 out with an FAP pad, the use of a polishing agent with
free abrasive particles is essential. The German Patent Application with
the Application Number 102 007 035 266, not yet published at the priority
date of the 10 present application, deséribes a method for polishing a
substrate made of semiconductor material, comprising two polishing steps

ofthe-FAR typewhich differ from.one another. in,that a pojishing agent
suspension ggntal gn@egéed apbrasive asa soﬁg substance Is intro u%ed.
betweer the sibstrte X 5d 15 the pofihity patiindore polishigsteprried
While"h‘the*8eEBRFTlishifg step thé polishingagentsispension isree
replacédehbyar poliskingiagentsalution. which is free of solids. The
expression polishing agent will be used below as an 20 umbrella term for

ishi [ i d ol"iﬁkhigg” jent s Iu(t:iops 25 All the
R G e
stock polishirig Whichinchitidd EBfYentionaf dotibte-Sided patishinghe
niétiotls abef-teEAP polistingikrthedr80Bothi sidescdfittie ng a
sepsiconducterwafér ase polished:simultarequsly, which leads to,.an
sfavorablesedge symmetry-in capyentipnal doublessided polishing a,
go-called_'edoe [oll-off” Le, an edge reduiction relatve to the fhickness o
the semiconductor nger., Experlmgnts have showr lé*‘tgth%’é%bf‘é]rﬁaf%@
Béh firther BRREPDR I WhERTPERANRT Wateresmithiarqet dianteterad
G fepelanple #iel aforeprentioned Waters weith a450 enim:didmeterchae
Haigehsubstrates emtaibaninciease irthe differential polishing removaliat,
gheiwafeyedgeand b8 on which is free of solids.

The expression polishing agent will be used below as an
umbrella term for polishing agent suspensions and polishing

agent solutions.

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

polishing method.

Both sides of the semiconductor wafer are polished
simultaneously, which leads to an unfavorable edge symmetry, in
conventional double-sided polishing a so-callied “edge roll-off"
i.e. an edge reduction relative to the thickness of the
semiconductor wafer. Experiments have shown that this problem
is even further exacerbated when pelishing wafers with larger
diameters, i.e. for example the aforementioned wafers with a
450 mm diameter. The larger substrates entail an increase in

the differential polishing removal at the wafer edge and in the
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g region of the wafer, so that the edge roll-off is e -pronounced. 5 This is
problematic in particular owing to the fact that according to the
internationally agreed so-called Roadmap (ITES, "International
Technology Roadmap for Semiconductors”, chanter 'Front End
Processes"), the manufacturers of M semiconductor wafers are required
to increase the area of the wafers which can be used for producing
components and reduce the so-called "edge exclusion" which is not
available for components. 0 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 ol\ginqgtqfthe increase in_the wafer diameter to 450
[ Subse Tl o o FacUBE o' 15HFR, This wil by be

mm, anpcgrsubg,eguientl it will even Be reduiced
accomplishéd By sighfficantly reducing 20 the edge roll-off. It would be
desirable to eliminate it entirely. Another quantity, which is subject to ever
Thore stringent requitements according-ta,the. STRS Roadmap, is the 25
aanotepegraphy:ef the-semicanductor wafer, The nanotopograp h%/ais
conventionally expressed as a height variation PV (="peak to valley'),
hased on,square measurement vv1|1r\1867WS Withdh Aéa BT R Fim:s -
‘Hére again, it Was Fouid 161G 2o thatthe previdas potishing 30 methods
Hrenotstffictent B satishtheritrereasedrequirerents ofithers: of he
werniconductor wafers. Lastly shesidesdthe edgeggomsatnandthe, ., ..

nanetopography: dheglehal andJgeal plagarities are alsa of crucial
dmpertanee for 35 making the next and subsequ”egnEt tggﬁﬁgfbbg%/e for
generations possible_

While an edge exclusion of 2 mm is currently considered to bs
acceptable, initially this size will become more difficult to
achieve in future years owing to the increase in the wafer
diameter to 450 mm, andg subsequently it will sven be reduced to
I mm. This will only be accomplished by significantly reducing |
the edge roll~off. It would be desirzble to eliminate it

entirely.

Another quantity, which is subzfect to ever more stringent
requirements according to the ITRS Roadmap, is the
nanctopography of the semiconductor wafer. The nanctopography
1s conventionally expressed as a height variation BV (= "peak
to valley"), based on sguare measurement windows with an areas
of 2 wmm o» 2 mm.

Here again, 1t was found long age that the previous pelishing
methods are not sufiicient to satisfy the increased

requirements of the semiconductor wafers.

Lastly, besides the edge geometry and the nanotopography, the
global and locel planarities are also of crucial importance for

making the next and subsequent technology generations pessible

One particularly critical property is the local planarity or

local geometry of the semiconductior wafer on its frontside,
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One particu arly critical property is the local planarity or local geometry of
the semiconductor wafer on its frontside. Modern stepper technology
demands optimal local planarities in subregions of the frontside of the
semiconductor wafer, 5 expressed for example as SFQR ('site
front-surface referenced least squares/range” = magnitude of the positive
and negative deviations from a frontside, defined by least squares
minimization, for a component surface (measurement window, "site") of
defined dimension). The maximum local planarity 10 value SFQ_Pmax
indicates the highest SFQR value for the component surfaces taken into

A6G0UA1 onasemiconductar water, The maximum local planarity value is
conventiondlIg_gdetermiﬁgdogyyta ng an. e%%”é“’em%gué?o”n“%f Sl ntores 1o

AcRount AR &rfea B 4 18 Semicorductor WA Rsidea Horminz edge
BREHTSIBA s ‘COnhvetiionally: refeFi@R 10’ astfixédoqualityareat, abbreviated
leFQA: Jhoses sitesgutiich lie:with-agart of theirarea.qutside thg £QA; hut

Maaal megsftiali@dsiﬁ%&h%hf% aisiefead ag. parjai siigs . 20 A

! : owledged rule of thumb states that the SFQR,, value of a
f??%?i’@i%ﬁ% via?érgam ust be equal 16 or I6ss than the irewidth5&sible
on this 'semicSHAuEdr WARRF 1o 8émidhdtidtsresmpofichts toreci ty
‘Brodricelmit. Exceading this valuskeads Bofocusing prablems forthenen:
steppersanditherefore tedoss:of the relevant-component,, Currently, the
semiconductor wafers available on the market correspond to the 45 nm

| eration.(linewidth = 45 30.rim) which is gradually being
jﬁ%ﬁég%y%ﬁ% gﬁéd%%/&cllfé:\}é] opec %él ‘nm techndfogy, Ogﬁd td this extente
the"EitiporientiNanuTACIES Bré also YradnaRy eeriging theirdevicen &
SHIOCEESEECACEOrHIAGE . THE22 mmrteshnologygeneration; whickh will
fotlowm thispisl Already<n:developments lthas been faund 35thatithec vt ag
reonyentionakpolishing methads are,indeed nat sufficientfor satisfying the,
:@?eq‘#@me@&% %ﬁggezzcemn@eg:es&ggerui%s:Lde the FQA, are referrsd fo

as "partial sites®.

A generally acknowledged rule of thumb states that the SFOR__.
value of a semiconductor wafer must be equal to or less then
the linewidth possible on this semiconductor wafer for
semiconductor components o be produced on it. Exceeding this
value leads to focusing problems for the stepper, and therefors

to loss of the relevant component.

Currently, the semiconductor wafers available on the market
correspond te the 45 nm technology generation (linewidth = 45
nm) which is gradually being replaced by the already developad
3Z mm technelegy, and to this extant the component
manufacturers are also gradually changing their devige
processes accordingly. The 22 nm technology generation, which
will follow this, is already in developmant. It has been found

that the conventional polishing methods are indeed not

- sufficient for satisfying the requirements of the 22 mm design

rule.
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Embodiments of the present invention seek to provide a new polishing
method which bosh satisfes the requirements of future technology
generations and is suitable for the new generation of 450 mm wafers.
Description of the Invention ioln an aspect of the invention, there is
provided a method for polishing both sides of a semiconductor wafer,
comprising the following steps in the order specified: a) polishing of a
backside of the semiconductor wafer ona  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

semjconductor wafer and the polishing pad during the polishing step; b)
E’é‘t%%%é“ﬁ%‘ﬁ%hﬁﬁ&‘%?fﬁ%@%ﬁ@m@@ﬁm gepnicodductor wafer on a polishing
“Padivhieh contairisian abrasivefixeda the 20.polishing pad, a polishing
Lragent sefutionwhichy imfree-ot-selids heing introduced between the = <*
> polishing Pad darifig the

gedrentaide.of the, semjconductor wafer and the po
polishing step;  c) removal of the microroughness and microdamage

rom the 25 frontside of the semiconductor wafer by polishing the fron s de

f
e e &R cBhdbRfor REfE6A™ polishing pad, a polishing agent solution

which contains abrasives being introduced

In an aspect of the invention, there is provided a method for polishing both sides of a
semiconductor wafer, comprising the following steps in the

order specified:

&) polishing of a backside of the semiconductor wafer on

polishing pad which contains an abrasive fixed in the pgA?sh‘

pad, a polishing agent solution which ig free cf solids ;:IQAHg
introduced between the backgide of the semiconductor w "&hlhg

the polishing pad during the polishing srep; T

b} stock polishing of the frontside of the semliconductor £

on a polishing pad which contaings an abrasive fixed ;noihfaLEr
polishing pad, a polishing agent solution which is Fr; ) ;
solids being introduced between the Erontside o*ﬁth; o
semiconductor w T i tl Lshi ] A

. ctor wafer and the polishing pad during the polishing
c) removal of the microroughness and mi:rodamage IZrom th
frontside of the semiconductor wafer by bolishing che ;rin“ id
of the semiconductor wafer on a polishing pad, a Doiis;in o
agent solution which contains abrasives being int;oducnd )
between the frontside of the semiconductor wafer and t;m
polishing pad during the pelishing step; )

d) Zinish pelishing of the frontside of the semiconductor wafer
by ?olishing the frontside of the semiconductor wa;er ;OL e
polishing pad which contains no abrasive fixed in ;he pii?sbin
%ad, & polishing agent solution which contains abrasivesngmgg )
introduced between the frontside of the semiconductor wafe; aid

the polishing pad during the polishing stfep

The LTIV entor ‘h.&. = [S9 43 SJ =Llit o
4 8 = Ied 1‘ 1 8 .a :
FEx ti Covers :;.t [o3 9] edus oL Sb .Pg Of

-_he f o t - 2y —--l =3 - = - - - = - =
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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 for this. The hitherto used batch polishing methods which

potishra plurality of semiconduciorywafersdielekon camieradises cn
simulianeausly.and on both sides, are entirely insufficientfor this and need

oge repla’c%gl b¥15|r‘gf-d|sc rocessing. This single-disc processing of
the ffontS ant bACRSIdE f TS I S MRIcordi&Br Watet 1akes Place
setjtientiaiy acdérding 16 thedinverfiorrahd prefdrubif o tiid sahve disc
polishig mgachine, and it comprises both polishing steps which
correspond to stock polishing (as in conventional DSP) and polishing

Slaps whighconespnddoaze fue polishing (as In somyentional GMR).
The processing of the bac}lg&deﬂta}kes place either on a second polishing
FRRATHELOF B S5e Pe°al LSk 15 PoReiaiig the Trortsite bf thés
Serfiitottctar water s lattervafign EeMering theladvantage ot makihgl
donwithsr G les polishing:2 8 eguipmentthan-peeyious|y in eonventional
SEOUANGRS WHCAL conventional DSP) and polishing steps which
carréspond to haze-free polishing {as in conventional CMP).

The processing of the backside takes place either on a second
polishing machine or on the same one as used for processing the
frontgide of the semiconductor wafer, the latier variant
offering the advantage of making do with much less polishing
eguipmant than previously in conventional eequenaaé which
always centaln a DEP step and a CMP step, especially hecalse
polishing machines for gingle-disc processing are wmuch smaller
than the currently used large batch types and also have a much
smaller space reguiresment, and therefore entail entirely nsw
fabrication plant planning with forward-looking restructuring
of the fabrication lines. In order for the vaviant with the
second polishing machine, reguired for processing the wafer
backeside, to be configured more effectively, it is conceivable
to eguip a polishing machine for example of the Reflection type
from Applied Materials with fixed abrasive polishing pads on
all 2 polisghing plates, and subseguently to carry out backsids
polishing of the wafersz. In a subsequent step, the already

backside-polished wafers are polighed on the frontside on

~another polishing machine of the same tvpe, for example lot by

lot, in which case the polishing steps descriked under points

b} to d} are emploved sequentially.

The concomitant simplifications of the fabrication sequena&g



=0

10

13

20

30

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 also have a much smaller space requirement,
and therefore entail entirely new 25 fabrication plant planning with
fcrward-looking restructuring of the fabrication lines. in order for the
variant with the second polishing machine, required for processing the
Wafer backside, to he configured more effectively, it is conceivable to
equip a polishing machine for examplé of the Reflection type 30 from
Applied Materials with fixed abrasive polishing pads on all 3 polishing

plates. anshsubsequentiy 10 carry outhackside 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
Iotby 387 Mot Cin WRTcH taBe ESFoliching Sipsddseriséd wiffdépoints b) to
Hyrirevsmpicy dd: selreritizaly T oricomitart simplificadionsroftietector
falsdcation seguences hiurkhermese allot additieratcestisaviegs, 5 The
prgsent invention.makes itnessiblesta achieve ap imprgvementinthe ..

edge geometry of the polished semiconductor wafer by improving the .~
Cg% 1oILof T PRTHCUISF by mEroving the partal Sites- VIR Tospact Withe
ﬁkém‘ho%pﬁ%&ﬁ?%nﬁféﬁoﬁ?ﬁﬁﬁﬁ?{?ﬁfﬁﬁ' are achieved which already
satisfy. 1A the 22 nm design rule requirements. This is possible because
the dwissigessakthe semicendustor-wafer can hesadnpteddoanaianather
meezq?g%"gigsva@ﬁw@gﬁ the, sa@%@,@l_@@ﬁl]mlighmg‘@gf%m@?ﬁseg%f
sitively 15 inflyence the geometry in the edge region. The metho
%\%E%ﬁi nsgﬁt%i%lé’ %r?“\l/ieﬁt?gﬁ ’?S% Er%f hn%giypgf{ea ;?hénp r%rgéﬁ, bacatse the -7
ST dR st BN O8 2082/5660 657 Afveqiires exactly the opposite
sequence with respect to the EAP 20 steps on the frontside (cf, steps b)
wnd o) ofithe anethed agcosding:ta the:inventian), Starting frompabiss by the
publication, iBardes o eachlhe-presentinvention, the persopkiled ina;
1he anwwoulg.tuia haye tago bevond e teaching disaigsed herelf. rme

There are not however any acpfpare_nt considerations on
{cf. steps b} and ¢} of the method

steps con the Irontsids
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 bevond the teaching disclosed
therein. There are not howevar any-apparent considerations on

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
whether the poelishing agent coatains or does not contain free

abrasive particles in the first polishing step.

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

semiceonductor industry.

The polishing agent solution mey howsver also contain compounds
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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 chipper, 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 i3 water, preferably 35 deionized water (DIW) with the
usual purity for use in the semiconductor industry. 10 such as sodium
carbonate (Na2CO3), potassium carbonate (K2003), sodium hydroxide
tNabH) s petassium-aydsaxide (O ammenism:phydrexide (NRAOH),) ,
@@@@W@@%W&&Mﬂ@%@%@ Q @ipwgg%d@ﬁm?r%%c?m%
se of potassi rbonate is more particularly preferred. in this case, the
%‘IZIQS t ‘edt polis ?%)g %ggﬁ? ggfﬁ%rﬁyﬁ?r@e era lI&jfplieq\ié;y f‘?llg}’rla%%e%g%}%% ‘Dt
T5°4d e Proportion OFsdidTonpotimiEnthespoRshmgEadant 105
solttion:is: preferabiisfroat 0.01 t6113% by weight partictilardy preleérablyg
from 0;0210:0.2% e weight. \The polishing agemnt seluties:may to 12 and
furthermore contain-ong;of mgofymerﬁd@ﬂgleg@&qra%@@ Pclgent
%85{?%5%%‘4%6‘9@%2‘5%% 12 Seh 3?5 yetting agents and surfactants, (.,
stahilizers acting as protective colloids, pres“er‘\’/a?i\/e’stDTOCi’det“)s, alcohols
Bht §édtiedtrants: Befiveéfi steps BYarid &4 further EAP step is
preferably 20 carried out by using a polishing agent suspension as in step
thebubwitkhan FABgpad sTheqrepartionefthe-abrasive da thepalishing
Agent suspension aceording 1o, steps.¢) and,d)-of the methad aceprding.
such zs wetting agents and surfactants, stabilii@rs acting as
protective colloids, preservatives, biocides, alcchols and

seguestrants.

Between steps b) and c), a further FAP step is preferably
carrisd out by using & polishing agent suspension as in step

¢}, but with an FAP pad,

The proportion of the abrasive in the polishing agent
suspension according to steps <) and d) of the method accornding
to the invention is preferably from 0.25 te 20% by weight,

particularly preferably from 0.25 to 1% Dy wailght.

The gize distribution of the abrasive particles is preferably

shaped monomodally.

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

preferably from 5 to 30 nm.
The abrasive consists of 3 material which mechanically removas
the substrate material, preferably one or more of the oxides of

the elements aluminum, cerium or silicon.

A polishing agent suspension which contains colloidally
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25 to the invention is preferably from 0.25 to 20% by weight, particularly
preferably from 0.25 to 1% by weight. The size distribution of the abrasive
particles is preferably shaped monomodally. 30 The average particle size
is from 5 to 300 nm, particularly preferably from 5to 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 11 disperse silica is partic&r‘arly preferred (silica sol, cf. Table 1
and the associated description; "Glanzpx"). 5 The pH of the polishing
agenpt susperision preferably liesdnia rangeoffeam(Q 10k 5:and ise.

preferably. adjusted by additives selected,from. sedium carbonate
(Na2C03), potassium carbonate (K9005), sodium hydroxide (NaOH),

potassium hydroxide 10 (NOB), ammonium hydroxide (IMMOH), .
tétFariethyldmméiitnT PydTfoRid TNIAHT OF affy Miktifégioftheses in 2
eohysouAads  Pheuse of potassium carbonate i$ moreipariculary
preferted.sThepalishing agentsolution:may-furthenmore sontain one o 15
s
R O Bl Poieg
hydroxide (IMAH} or any mixtures of these compounds. The use of

potassium carbonate 1z more particularly preferred.

The polishing agent sclution may furthermore contain cone or
more further additiwves, for exampls surface-active additives
such as wetting agents and surfactants, stabilizers acting as
protective colloids, preservatives, biocides, alcohols and

seguestrants.

As substrates which can be polished according to the invention,
in particular semiconductor wafers made of materials such as
silicon, gallium arsenide, Si.Gei1w, sapphire and silicon

carbide may be envisaged.

Particularly suitable substrates asre ssmiconductor wafers made
of silicon and substrates derived therefrom. The silicon
semiconductor wafer's frontside to be polished may be in a
state as 1t is obtained after slicing the semiconductor wafer
from a crystal, after lapping the semiconductor wafer, aftsr
grinding the semiconductor wafer, after etching‘th@
semiconductor wafer or after the semiconductor wafer has

already been polished.

A substrate, which is derived from a silicon semiconductor
wafer, is intended to mean in particular substrates with a
layer structure, for example semiconductor wafers with a layer
deposited by means of epitaxy, 501 substrates ("8illiceon On

Insulator®) and sS0I substrates (Strained &Silicon On Insulatorn)
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20 As substrates which can be polished according to the invention, in
particular semiconductor wafers made of materials such as silicon, gallium
arsenide, SixGem,, 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 obtained after slicing the
semiconductor wafer from a crystal, after lapping the semiconductor
wafer, after 30 grinding the semicondtiétor wafer, after etching the
semiconductor wafer or after the semiconductor wafer has already been
pelished-Assubstrate, whichdsderived from.a silicon-semigondueter; 35
wafer, is,Intended to,mgan-inparticular substrates with a layer structure,

for example semiconductor wafers Wlth a layer deposited by means of
epitaxy, SOT substrates ("Silicon On Insulator”) and sSOI substrates
(Shaiied SHrcorT Bh Msalatén anticcdrrespendisg tatesprodrretsyfor:
example SCOT «h!SilicoarGermanrium On frsulator’) thereofe 5 The
intepmegiate, praduats.alse:include dengs.sexmiconductan wafgrsoffom

which Jayers are transferred onto other substra;j%s parﬂcular AL in the
courss ofIE)roducmg SOT substrates. In order for it tolbe reusgble itis” e

Recassary to N SffootH tHe HoHor Sentitonduttor WatePs Sutfass el?@bo‘sléd
bythe layertidisfer \Whith s e6miparativety Foughdndhastas a
characteristictste psitetheiedgeaegion. Theisubstrates' surfaces to be
polished need not consist ofsilicon, or only of silicon. They may, for

%m@w@a@srs &9@%%%@9 pg %4' v, fon ound s smlcgnd%9%°§u0!9 as

ga ium arsenl € oran al Oﬁ: of siliconand germanium ixOe ther

examipies e fyers of indi Bhosprde  Gallia niridE26 ande 12vers
AMditrRgatitin drsénidecsuenldvers dretdirrartly st gieatintetéstin
particuldr for the production efi'Light.Emitting Diedest (z:LERS)..) .

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

Emitting'ﬁiedas“ {= LEDs) .

The surface of Si,Gs;-, lavers is often characterized by a
pattern, known as “cross hatch” and caused by dislocations, and
as a rule it must be smoothsad before cne or more further lavers

can be deposited on it.

If substrates having lavers of germanium or $i.Gei_. are to bes
polished according to the invention, then the pelishing agent
suspension or the polishing agent gclution, or both, may

contain an oxidizing agent as a further additive.
Suitable oxidizing agents are hydrogen percxide (H:0:) and orzone
(O3} . Their addition converts germanium into & water—soluble

compound,

Without their addition, particles that coatain germanium may be



10

25

30

33

The surface of SixGes, layers is 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 SixGess, are to be 30 polished
according 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 (H202)
and ozone 35(03). Their addition converts germanium into a water-soluble
compound. 13 formed in the course of the polishing, which can scratch

theripalishedsurtace: 5 Substrates witthalarge giameter, for example. -
silicon,semicanductor wafers with a diameter of 300 mm or in particular
with a diameter of 450 mm, are polished individually according to the
invention. The separate polishing steps (at least 4 10 according to steps
aF) ) i 8} o the etfod atedtting iotheIaventon) e ¢arried out
sequentially orebeti the frontcand dhersacksidé. The mventiomdoestiat:lax
relate to simultaneous pelishing ef:-thels frontzandithe: bagkside.atthe: 14

sama,time, (DSP). Accqrding to the inyention, only one side of,the. ., -

semiconductor wafer is respectively processed in each processing step.
Esséntially the §’écr%?g’or?dﬂct%)r’Wgﬁergméjredﬁreosfsédf%i?ﬁ RehidsuofHe &
Dlishiigead, il theSidesurtdce 6 be pblished dgainst thepolishing
pad placed=arirapelishing plate.

The invention doess not relate to simultaneous pollshing of the
front- and the backside at the same time (DSP). According to
the invention, only ong side of the semiconductor wafer 1is

respectively processed in each processing step.

Essentially the semicenductor wafers are pressed, with the aid
of a "polishing head”, with the side surface to be pclished

against the polishing pad vlaced on a polishing plate.

R polishing head also possesses a "retainer ring™, which
encloses the substrate laterally and prevents it from sliding

off the polishing hesad during the polishing.

In modern polishing hesads, the semiconductor wafer's side
surface facing away frem the polishing pad bears on z resilient
membrane which transmits the pelishing pressure being exerted.
The membrane is a component of an opticnally subdivided chamber

system, which forms a gas or liguid cushion.

Nevertheless, there are polishing heads in use in which a
resilient backing {("backing pad™) is used instesad of the
membrane. This resilient backing is generally applied on a
solidly manufactured plate ("backing plate"™). Between the
packing pad and the wafer backside, an air, cushion may then

optionally be generated over varlous zones on the wafer
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A polishing head also 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 liquid cushion. Nevertheless, there are
polishing heads in use in which a resifiént backing ("backing pad") is used
instead of the 35 membrane. This resilient backing is generally applied on
asolidlymanuiactured pigte-Ghacking plates). Beween dhehacking pad in
and thewaferhackside, an.air.cushion may then optignally be generated

Qver v I:i%%§ zones o}rr;\*t‘hemwafer 14 backside. Furthermore, there are also
polishing fieads iR use il WHich The WAFSH s ot witir the ARt 8 3~
sércalid sMtempiate i £e. by mesmslof abadking iplate’ Ahelcd Yetainef ting
Winichr is appiiedrona regilient backing:€'backing padk),=Ehe retainesfing
which has adefined thickness; issused sa thatithe-wafer. maintaing it «ne
position. injthe, carrier, dyring.the.palishing, The, thickness of this refainer, . ;
ring.may be selected 10 so that it is either thicker than the Water per se -
Which'is described a8 o sbicailet "retssedwiter= &fthififier, i Which
gasetheserirprojétiRgivwarer isaised e Tra 5olishing ofthersutstrate is
garried outahite supplyinga 45:polishinfeagent besween the substrate

and the polishing pad and by rotating the polishing head and the polishing
plate,,. In agdition, the, polishing head.may.also.be moved.intranslation, -,
over the I|§)ollsh|n% pad so that more comprehensive 20 use of tﬁe 7
potishing'fad stirtacé 1§ SchidVed “Phnhetiiord” thé Wefifbd Seordingftd
e fitveriticn nay beéafied outetldiiwelcomaingleliptate wrid: -
multi-plate polishing machines. 25

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

use of the peolishing pad surface is achieved.

Furthermore, the methoed according to the invention may be

carried out equally well on single-plate and multi-plate

polishing machines.

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

rlates and polishing heads.

Different polishing pads and different polishing agents may

also be employed.

In the methed according to the invention, a polishing pad that
centaing an abrasive fixed in the polishing pad is respeétively

used Iln steps a) and b} (FAP or FA pad).

Suitable abrasives comprise for sxample particles of oxides of

the elements cerium, aluminum, silicon or zirconium and
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It is preferable to use multi-plate polishing machines with preferably two,
more particularly preferably three polishing plates and polishing heads. 30
Different polishing pads and different polishing agents may also be
employed. In the method according to the invention, a polishing pad that
contains an abrasive fixed in the polishing bad is respectively 35 used in
steps a) and b) (FAP or FA pad), Suitable abrasives comprise for example
particles of oxides of the elements cerium, aluminum, silicon or zirconium
and particles of hard substances suchras silicon carbide, boron nitride
and diamond, 5 Particularly suitable polishing pads have a surface
tepagraphy impased by:replicated mierosiructures.chhesemicrosuectires

L postsy) have,for.example, the shape of columns With a cylindrical or
polygonal cross section or the shape of pyramids 10 or pyramid frustums.

Such pohshlng pads are commercially available, and are provided for '
BRERIPIRIBY M Corr e US A Uordtampte S E S 00 P foRT 38, MBRS Tarhy
detaited! descriptibhsadEsuch polishing padssarg 15eentaimed; for example,
i We:92/1368@ Al and b15:2005/22759Ak dnstep L) anstogk-polishing

padiis.preferably usad,A-polishing pad of the SOBER" range from Bohm ;.

& Haas |sf r 20 example suitable for thls for example SUBA 1250 stock
paop ora typlcéﬂ”&: polishing pad ("finishing pad") such as-SPM 3100
from Rodele. It may however also be an FAP polishing pad as in step b) of
the'method atcordingstathe invention,zlé.va polisShirig padwhich eontains
fixed: abrasive unlikestockand corp., UsSA (for example "ESP 0017
from 3M). More detziled descriptions of such polishing pads are
contained, for ezample, in WO $2/13680 A1 and US 2005/227500

Al

In step c), a stock polishing pad is preferably used. B
polishing pad of the SUBA™ range from Rohm & Haas is forx
example suitable for this, for example SUBA™ 1250 ("stock pad™)
or @ typical CMP polishing pad ("finishing pad®™) such as -SPM
3100 from Rodel®. It may however also be an FAP polishing pad
as in step b} of the method according to the invention, i.e. a
polishing pad which contains fixed abrasive unlike stock and

CMP polishing pads.

Processing steps b) and ¢) may thus involve the same polishing
pad, or different polishing pads may be uszed. In step <}, for
instance, an FAP polishing pad mav bes used. It ils, howaver,

also preferable to use a CMP polishing pad.

A CMP polishing pad is used in step d}, for esxample SPM 3100
from Rodel® which contains no fixed abrasive. Step d)
corresponds to a conventional CMP polishing step. The CMP
polishing pad may be conditioned by means of standard pad
cenditioning. For example, diamond dressers from KINIC may be

suitable for this
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25 CMP polishing pads. Processing steps b) andmay thus involve the
same polishing pad, or different polishing pads may be used In step c), for
instance, an FAP polishing pad may be used. It is, however, 30 also
preferable to use a C.MP polishing pad. A CMP polishing pad is used in
step d), for example SPM 3100 from Rodele 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 dréssers from KIWIS may be suitable
for this. 16 Example An PAP pad from 3M Corp., USA, was used for the
exemplary 5 embodiment, with abrasive particles fixed therein made of

egribmy oxide {Ce02):and with an-average graip size of .55,0m,C£SP

00 Table 1.shows an, examplg_,%fltgge %roxcess%ﬂg%ence gr frogtside
1 ultr- iShifig

10 Séféﬁﬁ%g’w% all the important parameters. A multi-prate po
fracrifewastuséd for tﬁ§<§)e§fstFAW?‘F?§f‘FéfﬁidW frotn BFplicd Materials,
IN&FEMETRE! polishing machine comprises a 5-zone membrane carrier,
which allows the pressure profile of the carrier to be set differently in 5

Zopes. The.pracess parameters specified, in. Table | are familiar fo.the 20,
I%(;:- son skilled én the art of wafer ppllslgln%, so that a detailed explanation
4L J L f}_learwséﬂzm Ogt ucx,)]fl]ﬁ'?é Tan DarazinaTaers.

y be omitte
A multi-plate polishing machine was used for the tests (AMAT

Reflection from Applisd Materials, Inc.).

The pelishing machine comprises a 5-zone membrane carrier,
which allows the pressurse profile of the carrier to be set

differently in 5 zones.

The process parameters specifised in %aeble 1 are familiar to the
person skilled in the art of wafer polishing, so that a
detalled explanaticn may be omitted here. Most of the
parameters are to be counted as prior art, optimizatlon of
these parameters (pressure, speeds) lving within the range of
ability of a person skilled in the art. The essencse of the
invention consists in the processing sequence and the polishing
pads respectively used for this (FAP or (MP, fixed abrasive:

ves/no) and the polishing agents (sclution, suspensiocn).

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

(potassium carbonate Kp;CC3). A smoothing step was subseqguently
carried out on the same polishing plate, likewise with an FAP

pad but by using a pelishing agent suspension.

Steps 3 and & on plate Z and plate 3 correspond to conventicnal

CMP steps.



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
(PAP or CM2, fixed abrasive: yes/no) 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 K2003). A smoothing step Wwas subsequently carried out on the
same polishing plate, likewise with an FAP pad but by using a polishing
agent suspensian.td7 Table 1 Set)@lanzox 3900|is the progu 't narpe:of:a
polishing agent suspension which is available as a concentrate from

Fji imi |ncﬁ%orateo Japan The concentrate, withra prof 1075
c
S
e

DAtARS AbB UL 9% by weight of colloidSPEIE2 Wit ™ Phberage ’Sb%?r?bTéL“q
ize of from 30 to 40 cm_(FR&RIND coifert iRdicatdelincTable 1 igter 4)
xpressed-in ternis of the polishing agents The Nanamapper(n) dnstrament
frogs KisA TRAgOrWas usedito study the nanotopographye Thiss . 4,2 o/
[ th@;ggyter is sunablpﬂfo(g;ne@surw%topograp i}y In the rangg‘%f

r

in
betweeni 25Onm and +20nm on 10 the frontside of a semiconductor wafer. |
D

Zone g‘.ﬂ’lernnnf the-semiconductorwa: or is nl::r\nrl on-a-soft-flat

wateEneIgar [Ehck). Thé Peak-to-vallgy (PV) valies obtalned aré filtered
(GCaussianhigh-pass fllter) and analyzed on circles with a 2 mm diameter
(inaddition. ajse on C|rqles with a 10 mm diametgr) 15 in respect of
peak- toévalley deviations, Inthe TH d5na| SiIS(” nr%snold heignt
a

nalysis"), for details see SEMI Stan 43, thé nszfaﬁa PV VATGE Was
finally calculated from th& distfibuitiorr BHaH the P\ﬁ%‘i’ués as 2*$6%Alled

THA value 0.8 wi. G.8 wt. 0.8 wt.8%
Flow rate 0.5 0.% 0.5 0.5
[1/min} |
Polishing times 33 127 160 160

is]
Flate/head spsed | 119/123 11%/123 118/123 118/123
[rpm] /[xpm]

Type of pad - - in situ in situ
condi tioning
Application - - 4 P4

pressure of the

pad conditioning

unit [1h]
Pad conditioning | -~ - 100 100
speed [rpm]
Polishing pad FAP pad | FAP pad CMP pad CMP pad
0.55um | 0.55um SEM 3100 | §PM 3100
Table 1

*y@lanzgox 3200 is the product name of a polishing agept
suspension which is available as a concentrate from FuJ1m1

Incorporated, Japan. The concentrates, with a pH of 10.5,
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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 semicondbiétor wafer polished according to the
.vention thus has a nanotopography, expressed as THA-2, of from 1 to 10

rayqreferably.of frampl o5 pm. oEhedmproyementin fhe,edge geometry

hy improving the lacal 35 planarity,of the sQ:called "partial sitwill be
explained below with the al%%o Cl%ig"gremff 19 SFLQ Fvallies occtir in the="

pArtia Sifes; oI té Bhe REAd for =Witef befdre Eamyig Buit iHE thethod
according to the invention and in the other case after the wafer has been
pokshied acgarding to theinventionoA BSP-palishedwaferelfl to study

monocrystalling.siligon with 2 diareter0f:300 mm.was; studied.p. order to
gstablish the effect of the N methad accogglng to the invention on tr%eo

SELLNG [alecalaiy:] randge LwWesn LUNM ang +L0nm on
edge geometry, the Same wafer was dabjected t6 corresponding polishing

oF the TSHSIdE; for vihich the-ftibwing pardimetersiware Bifiplsyea fermeat.
step seplentésirrTabii sy - plateswitrPAP path: stéptl 33 sechonljer
K2003:solutian (&.2% 1d-by=weight) psubsequently:stepr. 8 sec Glanzexa
(gilica sal). +plates Z-.and 3 with haze-free-polishing pad (GMP /SRM., 5 o,
1005k and exclusively Glanzox as polishagent; in.each gase 43 sec. ...
in 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 & so-~called THA value.

The wafers polished according to the invention gave a THA valus
of 10 nm or better. When using the polishing parametsrs
specified in Table 1, a THA value of 5.1 nm was obtained. Thes
analyvsis range corresponded to the aforementioned circles with
a 2 mm diameter. This THA walue is often also referred to as
the THA-2Z value, in order to make it clear that small analysis
windows of 2 mm diameter were emploved. Further improvements in
this parameter are to be expected from optimization of the

polishing process.

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

-

preferably of from I to 5 nm.
The improvement in the edge geometry by improving the local
planarity of the sc~called "partial sites" will be explainad

below with the aid of Figure 1.

Fig. I shows the distribution {freguency) with which particular
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20 A significant improvement by about 0.01 pm is found over the entire
distribution. The SPQR.™ 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 recrion. 20 Patent claims: 5
1.A method for polishing both sides of a semiconductor wafer, comprising
the following steps in the order specified: a) polishing of a backside of the
semiconductor wafer on a polishing pad which contains an abrasive fixed
in the 10polishing pad, a polishing agéft solution which is free of solids
being introduced between the backside of the semiconductor wafer and

ﬁl&gpgh’@hﬁ@ packduring the-pelishing:step; «b) stack-palishing.abthe:or «
frontside of the égnymgugt@ \waler,an,a polishing,pad Wh'%mconta'nst%nn

abraslve f%xed in the 0| |sh|n pad, a polishing agent solution whic ree
8 Solitls b&ing introdtced Betwéen the fontside of the™ é)r?nﬁ@r}lﬁ&ctor
iefer afePtHe polishiry’ patdaring the polishing step; 20c) removal of the
microroughness and microdamage from the frontside of the

semicopductorwaferby palishing thedrantside of the semicanducter wafer.
gn a polishind pack a.polishing agent selutlon Wiigh camains shiasies,
uctor

beln%lntroduced between the frontside of the semicon Swafer an

Tive Polishifg pad duting the poIisHing Stel? &) infktPBoRgAIYof the "
ﬁ‘%ﬁ‘ﬁs‘tﬂ%fﬁfftﬁ@ Semieondirtor water by polishing the fiohiside of thes
Semicohdeictdrwafer on apolishing padwhich.contains.re abrasive fixed
it the palishing.padsa polishing agent solution which
- plate 1 with FAP pad: step 1: 33 sec only KpCOs; scolution (0.2%
by welght); subsequently step 2: 8 sec Glanzox (silica scl).
~ plates 2 and 3 with haze-frees polishing pad (CMP "SPM 3100")
and exclusively Glanzox as polishing agent: in sach cass 43

seC.

A significant improvement by about 0.01 um is found over the
entire distribution, The SFQRm. of the partial sites is also

improved by about this amount.

The method according to the invention is therefors suitable for

improving the local geometry in the edge region.



30contains 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 35agent solution
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according to steps a) and b) is water or aqueous solutions of the
compounds sodium carbonate (Na,CO3), potassium carbonate (K2CO3) ,
sodium hydroxide (NaOH), potassium hydroxide (KOH), ammonium
hydroxide 21 (NH40H), tetramethylammonium hydroxide (TMAH) or any
mixtures thereof. 3. The method as claiimed in claim 2, wherein the pH of
the 5polishing agent solution is from 10 to 12 and the proportion of said
compokinds, in.the polishing agent solution is from 0.01 to 10% by weight.
4. The method as claimed in one of claims 1 to 3, wherein a 10further
polishing step is carried out between steps b) and c) on a polishing pad
which 2oneaicad AbrasiveTiked iRthB [FSIRtIng pad S8 PoHShG &efent
solutiordich cantainsiabrasive $dicingintrodtueed betwéen ¢hédront side
of the sgmicengictor wafer and the polishing pad during
a) polishing of & backside of thé semiconductor wafer on a
polishing pad which contains an abrasive fixed in the
polishing pad, a pélishing agent golution which is free of
solids being introduced between the backside of the
semiconductor wafer and the polishing pad during the
polisghing step; ’
b) stock polighing of the frontside of the semiconductor
wafer on a peclishing pad which contains an abrasive fixed
in the polishing pad, a polishing agent scolution 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
frontside of the semiconductor wafer by polishing the
frontside of the semiconductor wafer on a pelishing pad, a
polighing agent solution which contains abrasives being
introduced between the frontside of the semiconductor
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 containg no abrasive fixed
in the polishing pad, a polishing agent solution which
containg abrasives being introduced between the frontside

of the semiconductor wafer and the polishing pad dufing

the polishing step.

Z. The method as claimed in claim 1, wherein the polishing
agent solution according to steps a) and b) is water or
agueous solutions of the compounds'$odium carbonate
(Ma,C0,) , potassium carbonate (K,C0,}, sodium hydroxide

L(NaOH), potagsium hydroxide (KOH}, ammonium hydroxide
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15the polishing step. 5. The method as claimed in one of claims 1 to 3,
wherein the proportion of the abrasive in the polishing agent suspension
according to steps c¢) and d) is from 200.25 to 20% by weight. 6The
method as claimed in one of claims 1 to 3, wherein the proportion of the
abrasive in the polishing agent suspension according to steps c) and d) is

ffog@;%g?}otle%r%m ight. 7.The methad.as claimedsniclaim 6.y

wherein the average particle size is from 5 to 300 nm. 308.The method as
claimettintelain 7 3ftrdrein the average particle size is from 5 to 50 nm.
9.The method as claimed in claim 1, wherein the abrasive in the polishing

agent suspension consists of one 3g0r mare,of the gxides.efithe glements, ¢ ¢he
aluminum, cérium or silicon.

polishing agent solution is from 10 to 12 and the

proportion of said compounds in the polishing agent

solution is from 0.01 to 10% by weight.

The method as claimed in one of c¢laims 1 to 3, wherein a
further polishing step is carried out between steps by and

c) on a polishing pad which contains an abrasive fixed in

the polishing pad, a polishing agent soluticon which

contains abrasives being introduced between the front side

of the semiconductor wafer and the polishing pad during

the polishing step.

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

0.25 to 20% by weight.

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

0.25 to 1% by weight.

The method as claimed in claim 6, wherein the average

particle size is from 5 to 300 nm.

The method as claimed in claim 7, wherein the average

particle size is from 5 to 50 nm.

The method as claimed in claim 1, wherein the
abrasive in the polishing agent suspension consists of cne

or more of the oxides of the elements aluminum, cerium or

silicon.
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- abragives Ssldctit from Particies ©

22 10. The method as claimed in claim 9, wherein the polishing agent
§uspension contains colloidally disperse silica. 11. The method as claimed
in claim 1, wherein 5the pH of the polishing agent suspension lies in the
range of from 9 to 11.5. 12. The method as claimed in claim 1, wherein
th? pH gffthe polishing agent suspension is adjusted by 10additives
selected from sodium carbonate (Na2 0 [ a 2 (1L
sodiut ﬁ“y%%% ea(?\léf ﬁlj%%%aééiu% %ﬁ?oﬁd@é(%%irﬁ?n%nﬁrﬁ@ﬂ@ng
hydeaxide(NINOR) s tetrarmetHylarn SRl hyaroxide XTREANY of ahy<® -
mixtures of these compounds. 15 13. The method as claimed in one of
claims 1 to 12, wherein the olishiqua%dﬁ used in steps a) and b) contain
oxides of the elements cerium,
alumirimjisitiConior zircbhilirisr 20particiesSoPRARPBUBSBRCES seiécted™d®

from siliepy, nityide, Baroy nitride or diamond.

The method as claimed in claim 1, wherein

the pH of the polishing agent suspension is adjusted by

additives selected from sodium carbonate (Na,C0sz},

potassium carbonate (xacos) » sodium hydroxide (NaOH),
potassium
tetramethylammonium hydroxide {TMAH) or any mixtures of

these compounds.

The method as claimed in one of claims 1 to 12, wherein
the polishing pads used in steps a) and b) contain
abrasives selected from particles of oxides of the

elements cerium, aluminum, silicon or zirconium or

particles of hard substances selected from silicon nitride,

boron nitride or diamond.

The method as claimed in claim 1, wherein a

polishing pad which contains no fixed abrasives is used in

step <.

The method zs claimed in claim 1, wherein a

polishing pad which contains fixed abrasive ils used in

step ).

The method as claimed in claim 15, wherein a polishing pad

with abrasives is used according to Claim 13.

The method as claimed in claim 1, wherein

rhe semiconducter wafer is a silicon wafer with a diameter

hydroxide (KOH) , apmonium hydroxide (NH,GH) ,
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14. The method as claimed in claim 1, wherein a polishing pad which
contains no fixed abrasives is used in 25step c). 15. The method as
claimed in claim 1, wherein a polishing:pad which contains fixed abrasive
is used in step c¢). 30 16. The method as claimed in claim 15, wherein a
polishing pad with abrasives is used according to Claim 13. 17. The
mt_atg%d %c@{ngg IH&%II:Y] 1, wherein 35the semlconductor_v_vafer IS a
silicon wafer with a diameter 23 of 300 mm or more. 18. A silicon wafer
haying a diameter of 300 mm or more, whiCh comprises a front-and

_backside polished o15ea methdd Saccordimpetoselaint 1 2R affort sideere, whith

nanotopology - expressed as THA:Z (SEML3tandard Md3) -akfraanl to
10 nm. 19, The silicon wafer according to claim 18, havinq a front side
according to claim 1 and a front side nanotopoiogy -

expressed as THA-Z (SEMI Standard M43) -of from 1 to 10

nm.

The silicon wafer according to claim 18, having a front side

nanotopoleogy —expressed as THA-2 —from 1 to 5 nm.

The silicon wafer according to claim 18 or 1%, having a

diameter of 450 mm.
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10nanotopology -expressed as THA-2 -from 1 to 5 nm. 20. The silicon
wafer according to claim 18 or 19, having a diameter of 450 mm. Abstract
Method for Polishing both sides of a Semiconductor Wafer The invention

- relates to a method for polishing both sides of a semiconductor wafer,

comprising the following steps in the order specified: a) polishing of a
backside of the semiconductor 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 th&!backside of the semiconductor
wafer and the polishing pad during the polishing step; b) stock polishing
of the frontside of the semiconduciggwafer on 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
semiCondtcthr vatar Sittie Bolithifig Bad dufing e FoIHitGSEpT<e)
removal of the microroughness and microdamage from the frontside of the
semiconduictonwafen bypalishingdhe-frontsidedhe semicanductor svafers =

on:a holishing pagh & polishing-agent soltion which, contains abrasiyes
%@é%% irsltrgggzcg%il):et\/_veen the fr.ont.side of the sgmiconduqtor wafer and

e polls%lng‘pa during the polishing step; d) final polishing of the
FroritSide” 8t te SErficoidiitor Water sy polsRrGHHE frortEide-oPthe
Bemmiebhtucior water breapolishing pac-wiid eohtains no abrasive fixetng
padhe palishieg pad -a;pelisbing agent solution which.contains abrasihes,
beingdntroduced hefveen the frontside of the semicondyctor wafer.and,  »
the polishing pad dyring the polishing step: 9. 2.,
b} stock polishing of the Frontside of the semiconductor waler
on polishing pad which contains an abrssive Ffixed in the
polishing pad, a polishing agent golubtion which is free of
golids being iﬂtroduéed between the frontside of the
gemiconductor wafer and the polishing pad during the polishing
step;
¢} removal of the microroughnsss and microdamage from the
frontside of the semicenductor wafer by polishing the frontsids
the semlconducter wafer on a polishing pad, a polishing agent
solution which contains abrasives being introduced betwsan the
frontgide of the gemiconductor wafer and the polishing pad
during the polishing step;
4} final polishing of the frontside of the semiconductor wafar
by polishing the frontside of the semiconductor wafer on a
polishing pad which contains no abrasive fixed in the polisghing
pad, a polishing agent soluticn which contains abrasives being
introduced between the frontside of the semiconductor wafer and

the polishing pad during the polishing step.

Fig. 1



