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 Tor 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 components, whether microprocessors 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 waras:ie<onsideshovhgreabatmbesof cHmposentsnidedogic vhirs-or memory
chips, can be accommodated on an individual substrate. This is related to the fact that a multiplicity of
the component,manyfaglyiers ;29 processing siehs are.aimed at fhe enfite substrate, buj there are
also the m&wdua?steps Yor struc?urlng?he substrates 1.e. pr daucmg the component structures which
subsequently IE5F6REIRTAAJURF Ehips, 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 produetiarcosts pef<ampanensio ssven: eansiterableexient, andisitherefore of

immense eCOWQQ?é&ﬂQ%%@H%%éQé"QW%ﬂBg&e%fiiﬂxtQ‘éi%%%tr te diameter,entails great and
sometlme§0en%g£%gew, hitherto unkcnowntteggel%amprgplems Lastly allltg_lgh%ré)c@egsmg steps, whether

, have a ciameter ©
they are purely . H '
epitaxially processed semiconductor wafers with a diameter of

présent,’ po

300 mm are used for the most demanding applications in the
electronics industry. Silicon wafers with diameters of 200 mm

.(jf' are giadually being replaced by 300 mm wafers.

‘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
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 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
: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 indiwvidual chips, and therefore the production costs for
‘both groups of processing steps are determined very
30 particularly by the substrate size. The substrate sizs
influences the production costs per cémponent to a very

considerable extent, and is therefore of immense econowmic

importance.

35 However increaging the substrate diameter entalls great and

sometimes entirely new, hitherto unknown technical problems.

Lastly all the processing steps, whether they are purely



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 of a  conductor wafer as the last essential processing step when the wafer
is intendéd for the production of memory chip-s, or in principle as the penultimate essential processing
step which precedes epitaxy of the semiconductor wafer, when the wafer is intended to be used as a
so-called epi wafer for the production 15 of microprocessors. 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 helewsThey essentially invalveimedificatians;of the epnventionallyiused methods of
double-sided polishing (DSP) and ehemical mechanica) palisting (GMIT)iieh in ong.ease comprise
polishing both sides of a semiconductor Wafercp ,means of a Zﬁf)o |sh|r11:r% a Whtll}g sup| Q/mg a
polishing agent s 3o ck diTkhing (BEH Eép) 8RtiA e SRt case inish polishing 8f%n%/ the
frontside (the "eapénent sile”s While dang'a 'Softstp6IchiRg PaG ds*sb-cftie *Raze-free polishing
(CMP step, "firighing!3, hut;alsexelatively=tewso-catted "fixed abrasive 30 polishing" (FAP)
technologies in which the semiconductor wafer is polished on a polishing pad but the latter contains an

abrasive fixed fn the polishing pad,(‘fixed:abrasive pacty, A polishing step, in which such an FAP pad
is used, will be ref(_-:-lrf)redS to Be ow as an FAP steE for brevity. 35 WO 99/55491 Al des_cgbes a two-stage
polishing HiethSH Wi & firsCEAP B6Rshing &R p-aRd & 555%/‘581%%? SREBHY EMP8lishing step. For
CMP, the polishingypdidtoes rattcontaih fixedt abrasivé At rra D S8ty abrssive ¢ inffoduced here
in the form of asuspension betweendheisenmicenductorwaferandtheing step which
precedes epitaxy of -the semiconductor wafer, when the wafer is
(jj intended to be used as a so-called epl wafer for the production

15 of microprocessors.

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

20  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

25 polishing pad while supplying a polishing agent as stock

(;J 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

30 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.

35
WO 99/554%1 Al describes a two-stage polishing method with a
first FAP polishing gstep and a subseqguent second CMP polishing
step. For CMP, the polishing pad doés not contain fixed



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 polishedﬁsu'rface 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 aimed at producing at least one side surface which is particularly flat, and which has the
smallest possible microroughness and nanotopography. 15 US 2002/00609967 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 gombinpation with,a-pejighing.agentsusnension and.subsequenthswith andAP pad in
conjuncion witp. 2 polishing agent.salutian, Je sefence ol stansis delibaratglysselected in order to
increase the remoyafD‘S rate. e“pdﬁshing of wafers made of a material with a homogeneous
compositioh, faexample Sfcon WrRrE, 5 Rt diE88IReu HatBh "EkBRise SWiSG3/074228 Al also
discloses a methodifor BO: pldrarisingtopographical stuHaces BariftHe proddétion BF electronic
components. Here; ihedactissofibhe: kvention-fesidesiinithe endpoirddetection of the CMP method. As
is known, endpoint detection involves ending the polishing and therefore the material removal promptly

before it causes,the tamayg) of 25 regions, whidh are nol n fagtntendedoibe pelished, To this end, a
two-stage method is proposed for pollsmhlng a copper layer. In the first steg poghshlng is carried out with

an FAP pdfishigepad i iviieh Casteite PoRERiy al@nt optionaly/ingy 7= tace

component structures have not yet been formed. The polishing of
such semiconductor wafers is primarily aimed at producing at
least ohe side surface which is particularly flat, and which
(jl has the smallest possible microroughness and nanotopography.
15 .
US 2002/00609967 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 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
conjgnction with a polishing agent solution. The sequence of
steps ié deliberately selected in order to increase the removal
25 rate. Thé pelishing of wafers made of a material with a
(:; homogeneous composition, for example silicon wafers, is not

‘disclosed thersin.

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

30 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

35 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



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, describes a method for polishing a
substrate’'made of semiconductor material, comprising two polishing steps of the FAP type which differ
from ane another in that a polishing agent suspension containing fixed abrasive as a solid substance is
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 below as an 20 umbrella term for polishing agent

suspensions apd polishi solution Il the methods known in the prior art have a crucial
disadvantage wgtf&re%spe%% t%gsﬁt%ﬁ%oﬁgﬁﬁﬂﬁ%v%ﬁé#ﬁlcﬁ)ﬁ%gé %g%sffeﬁ%n%f%o%ueﬁg?&ded polishing
methods and the FAP polisHity Mt 30 Botl SideL6f tHe' serhicondikisiwaierare pdlished
simultaneoushyf{whith-fedds (6 ArPasfavbrablesedgé syrmmeteylindcorventionahdduble-sided polishing
a so-called "edde roll-off' hetan ledge reduction telative to the thickness of the semiconductor wafer.
Experiments have shown that this problem 35 is even further exacerbated when polishing wafers with

larger diametets, i, for example the aforementioned wafers with a 450 mm diameter. The larger
substrates ent%lﬁr}%%ncrease in the%?lp erential E)%Iighiﬁré r%rﬁoz\)‘/% at the J\‘/\/Oéffei\rTuenajgeé antfin the g region
a

of the wafer, so that the adge Foll-offis & 2BrdiBaAcad. 5 higis Hroblermatie infpafticular owing to the
fact that dEcordfiig 6 thermté fidtitiallyligreetso-calfetr Roadinappol ishing a '

substrate made of semiconductor material, comprising two
polishing steps of the FAP type which differ from one another
. in that a polishing agent suspension containing fixed abrasive
(j as a solid substance is introduced between the substrate and
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 below as an
20 umbrella term for polishing agent suspensions and polishing

agent solutions.

25 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.

30 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

33 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



(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 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 nanotonography of the semiconductor wafer. The nanotopography is
conventionally.@xpres 1S height v riatiﬁor% PV (= "pgak_to;_valliyj'), based on square measurement
windows with an area o 2%%% %@m%rf%l. %%réaafgih, ﬁowégafbuh}aelohﬁQEQE?ﬁéf fie prévious polishing
30 methods are not Sufficient {6 $ATeR) the increased requirements of the semiconductor wafers.
Lastly, besides the edge geometry and the nanotopography, the global and local planarities are also of
crucial importahee fér35amaking the nextand: subseguent technolagy generations possible_ One
particu arly crificat propertydsihe logal p@qﬁrgyaorllpc ggg&nggygﬂgd_s%@jac nductor wafer on its

frontside. Modef steppet technology, demands optimal local planarities in su régions of the frontside
of the semiconductor wafer, 5 expressed f&?‘é*@r% e 28 SEOR (Site FBhE SR féferenced least

squares/range'ﬂ_:?rﬁganit%%ngf ﬁ"irjéj pOSfiVEafa Hegative BRvidtons from effontside, defined by least
squares MiniMiZation FoF Eeomorentstrfase (measure ment-windowr: isite' of defined dimension).
The maximun¥idealsplanarity can be used for producing components and reduce

the so-called "edge exclusion® which is not available for

components.

c

15 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 |

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

entirely.

Another quantity, which is subzfect to ever more stringent
requirements according to the ITRS Roadmap, is the

nanoi rap! £ th i 1 &
Ltopegrapny of the semiconductor wafer. The nanctopography

Tt
Lre

(V 15 conventionally expressed as a height variation BV (= "peak
- " .
to valley"), based on sguare measurement windows with an areas
of 2 mm x 2 mm.
Here again, 1t was found long age that the previous pelishing
30 methods are not sufficient to satisfv 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

35 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,



10 value SFQ_Pmax indicates the highest SFQR value for the component surfaces taken into account
on a semiconductor wafer. The maximum local planarity value is conventionally determined by taking
an edge exclusion of 2 mm into account. An area on a 15 semiconductor wafer inside a nominal edge -
exclusion is conventionally 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.éExceeding this value leads to focusing problems

for the stepper, and therefore to loss of the relevant component. Currently, the semiconductor wafers
available on thg, ket G pand to the 45 nm technology generation (linewidth = 45 30 rim) which
is gradually bei Qgﬁi&% %?“ghé‘ai%‘éﬁf@’efé%@a ?35%’?%?:%8%@;&5&@&% this“extent the
component manufacturers are alko GraaUAly Bhangirt tREF device progessés accordingly. The 22 nm
technology gefi&rafi6A=WHIER viillfollew this SEXreddy i developments itshas beeaforind 35 that the
conventional gelistingametkods aredndeed-netsufficiesnt for satisfyingtherequirgments of the 22 mm
design rule. Embogiments ofdhepresent invention seekta provide.a Ngw Jalishing method which
bosh satisfes fhe requirements.of future technology generations and is suital_:ﬁe for the new generation
of 450 mm wafers. Description of the Invention 10li an aspect 6f e fivvétisH, hdfe is provided a

method for polidhifig both sides ¥t % SEtitoHdUctor WafEr camprising the ¥olewiny steps in the order

e o [ 4 foatan 3 st ST = ;
Specmedy) value BFQRu.; indicates the highest STOR value “or the component
surfaces taken into account on a semiconductor wafer.

) The maximum local planarity value is conventionally determined
(: by taking an edge exclusion of 2 mm into account. An area on a

15 semiconductor wafer inside a nominal edge exclusion is
conventionally referred to as "fixed guallty area”, abbreviated
to FQA. Those sites which lie with a part of their area outside
The FQA, but whose centers lie inside the 'QA, are referred to
as "partial sites®.

20
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

25 wvalue leads to focusing problems for the stepper, and therefors

(: to loss of the relevant componant.

Currently, the semiconductor wafers available on the market

correspond te the 45 nm technology generation (linewidth = 45
30 nm) which is gradually besing 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
35 that the conventional polishing methods are indeed not

- sufficient for satisfying the requirements of the 22 mm design

rmie.



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 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

contain$ 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;  c) removal of the microroughness and microdamage from the 25 frontside of the
semiconductor wafer by polishing the fron s de of the semiconductor wafer on a polishing pad, a

polishing agent solution which contains abrasives bbing introduced between the frontside of the
semiconduct ;n\g/gé?nrlgr%d t %Polishing pad during the polishing step; 30 d) finish polishing of the
frontside of the semicondu {0F WarsP LY palismiseecthe rontside of the semiconductor wafer on a
polishing Pad Whith' céfiteifis Trr-abrasive fixeebin-thespelishing pad, a polishing agent solution which

contains‘abrasivesbeingintiedyced hetweenthe. frantside of gggﬁsgemicpqddbté?‘ﬁafcéf and 35 the
polishing pad-iing ibe palishing step.. The inventor has discoveréd that orify S&4uential polishing of

the front- and backside of the semiconductor wafer is suitable

Pescription of the Invention

10 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 o
(j polishing pad which contains an abrasive fixed in the pZA?sk‘n
15 pad, a polishing agent solution which ig free cf solids bn'nn ’
introduced betwsen the backgide of the semiconductor wa"&hlhg
the polishing pad during the polishing srep; e
b} stock polishing of the frontside of the semliconductor £
on a polishing pad which contaings an abrasive fixed ;n ihfaLEr
20 polishing pad, a polishing agent solution which ig fre ) ;
solids being introduced between the Erontside o*ﬁth; o
semiconductor w x 1 1 Lshi ] A
. or wafer and the polishing pad during the polishing
c) removal of the microroughness and mi:rodamage Irom i
(: 25 frontside of the semiconductor wafer by bolishing che ;;i tsid
. of the semiconductor wafer on a polishing pad, a Doiis;innLSlue
agent solution which contains abrasives being int;oduﬂnd ;
between the frontside of the semiconductor wafer and ;;m
polishing pad during the pelishing step; )
3 d) finish pelishing of the frontside of the semiconductor ws
by polishing the frontside of the semiconductor wa;er T
polishing pad which containg no abrasive fimed inp ;he ;ii?sfin
?ad, & polishing agent solution which contains abrasivesnbn; )
introduced between the frontside of the semiconductor wafe;l:gd
icon fer an

35 the polishing pad during the polishing step

The LTIV entor ‘h.&. = i hd =lie . -
4 8 = Ied LI‘ 1 8 .a :
FEx ti Covers :;.t [o3 9] edus oL Sb .Pg Of
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for this. The hitherto used batch polishing methods which polish a plurality of semiconductor wafers,
held on. carrier 5 discs, simultaneously and on both sides are entirely insufficient for this and need to
be replaced by single-disc processing. This single-disc processing of the front- and backside of the W
semiconductor wafertakes place sequentially according to the invention and preferably on the same
polishing machine, and it comprises both polishing steps which correspond to stock polishing (as in
conventional DSP) and polishing steps which correspond to haze-free polishing (as in conventional
CMR). 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 thé semiconductor wafer, the latter variant offering
the advantage of making do with much less polishing 20 equipment than previously in conventional
sequences which always eonfain a-RSR stepand. a-&EMR step.; especiallydecause polishing machines

for single-disc,processing. are much smaller than the currently used large batch types and also have a

much smaller sbace reqitjgégielrgent,cj%nga}her%fore %nt%;'}l entirely new 25 fabrication pfé"nt planning with
ferward-looking festructiiiy of the fabricatior ings- DHHEF 16T the PariaRt With the second polishing
machine, requirsHfdrfrocessifig theWafef baekdide, foche sohiigitetlymotemffecthigly, it is
conceivable treguiE aipalishing 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, 19 & subseguent ste, thealready, backsidespolished wafers are polished on

the frontsjde on another BS”ShL?g machine of the same type, for example"FOJf y 35 Igt, In which case

the polishing Steps-deserived ufs e‘i”’rrpci):f.’F“l}’fé{5 D)o G afE Siiployal ' SeGEERTaIThE ddifcomitant

simplifications S tHe t&BricattoR setieticss o the same polishing machine, and it

comprizges both polishing steps which correspond to stock
i polishing {as in conventicnal DSP) and polishing steps which
(: carréspond to haze-free polishing {as in conventional CMP).
15 .
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
20 equipment 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
25 fabricaticn plant planning with forward-looking restructuring
Cﬂ 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
30 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
35 lot, in which case the polishing steps descrikbed under points

b} to d} are emploved sequentially.

The concomitant simplifications of the fabrication sequena&g



9 furthermore allow additional cost savings, 5 The present invention makes it possible to achieve an
improvement in the edge geometry of the polished semiconductor wafer by improving the edge roll-off,
in particular by improving the partial sites. With respect to the nanotopology or nanotopography, values
are achieved which already satisfy. IA the 22 nm design rule requirements. This is possible because
the two sides of the semiconductor wafer can be adapted to one another in a controlled way owing to
the, sequentialpolishing, for example in order to positively 15 influence the geometry in the edge
region. The method according to the invention is not anticipated by the prior art, because the method
described in US 2002/0060.9957 Al requires exactly?the opposite sequence with respect to the EAP 20
steps on the frontside (cf, steps b) and c) of the method according to the invention), Starting from this

publication, in grderioreashthepresent.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 méthod deSEHBE theP&irears BxERBivyRTitA the DIBHIRG G EhiBPer, and it is regarded as
unimportant th¥eiie 3enFhethier tHee pofishing atrert corftairiscorddésivct centaindbe abrasive particles
in the first polishing: step.incthersimaplest case: theipolishing agent:salutioaraggording to steps a) and
b) of the presentinventionidwater; preferably 35,dejonized water (D) with the ysyal, purity for use in
the semicond%%tolg i@l%llégtrg. r1@0 ﬁuchvaslsggiuryecar o.n@aﬁ;g éN&ZZ%QS \ Pgt%ssium 1ca_rponate (K2003),
sodium hydroxide g\lr:‘OHI)J, got‘ ss%;'mw ﬁy&roxixe (I&Sl , ammonium hydar‘o&iféaENETWOH),
tetramethylammsnitim By drokide: (FMAH) GF aryments -

This is possible because the two sides of the semiconductor
wafer can be adapted to one another in a controlled way owing
(; to the sequential polishing, for example in order to positively

15 influence the geometry in the edge region.

The method according to the invention is not anticipated by the
prior art, because the method described in U8 2002/00600087 A1
reguires exactly the opposite sequence with respect to the AP
26  steps on the frontside {(¢f. 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 bevond the teaching disclosed
therein. There are not howevar 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
3  whether the polishing agent contains or does not contain fres

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
35 deionized water (DIW) with the usual purity for use in the

semiceonductor industry.

The polishing agent solution mey howsver also contain compounds



mixtures thereof. The use of potassium carbonate is more particularly preferred. in this case, the pH of
~ the polishing agent solution preferably lies in a range of from 10 to 12 and the proportion of said
compounds in the polishing agent 10 solution is preferably from 0.01 to 10% by weight, particularly
preferably from 0;01 to 0.2% by weight. The polishing agent solution may furthermore contain one or
more further additives, for example surface-active additives 15 such as wetting agents and surfactants,
stabilizers acting as protective colloids, preservatives, biocides, alcohols and seduestrants. Between
steps b) and c), a further EAP step is preferably 20 carried out by using a polishing agent suspension
as in step c¢), but with an FAP pad. The proportion ofthe 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, partcutarlyspreferably-fzont0:2% ta % by, weight= Ihe:sizesdistributionigt:the abrasive
particles is prefgrably shaped manomedally. 30 The ayerage particle size)is fram,n {0,300 nm,

particularly preforably.fiom 19,80 nm . The abrasive consists, of.a material which mechianicaly
removes 35 the substrate material, pre erabe ohe oF more of the oxides of the eléments aluminum,

cerium or silicGn*AP6IsHiNG Egent SUSpEAEI WIICH ToRtEins¢hIsigafly & 1°disperse silica is
particularly preferied-{siticasolef: Table -1 and-the assoeiated dedtriptiomeGlahzpx! b
agent sclution preferably lies 1n a range of from 10 to 12 and
the proportion of said compounds in the poliszhing agent
it sclution 1s preferably from ¢.01 to 10% by weight, particularly

preferably from 0.01 to 0.2% by weight.

The polishing agent solution may furthermore contain one or
(j& more further additives, for example surface-active additives
15 such zs wetting agents and surfactants, stabilizers acting as
protective colloids, preservatives, biocides, alcchols and

seguestrants.

Between steps b) and c), a further FAP step is preferably
20 carried 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
25 to the invention 1s preferably from 0.25 to 2Z0% by weight,
(;, particularly preferably from 0.25 to 1% Dy wailght.

The sirze distribution of the abrasive particles is preferably
shaped monomodally.

30
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
33 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 pH of the polishing agent suspension preferably lies in a range of from 9 to 11,5, and is preferably
adjusted by additives selected from sodium carbonate (Na2CO3), potassium carbonate (K9005),
sodium hydroxide (NaOH), potassium hydroxide 10 (NOB), ammonium hydroxide (IMMOH),
tetramethylammonium hydroxide (TMAH) or any mixtures of these compounds. The use of potassium
carbonate is more particularly preferred. 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 segueStrants. 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. 25Rartictdarly suitable substrates arel semieonduetor wafersamaste, of:silicon and

substrates derygd therefrom. Ihe silicon.semiconductar.waferis:frontside;to be polished may be in a
state as it ;s obtained 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 semi€oRbuttor WarérrRas atrsady? BRercBEHSHEd °A SUldtraf: Whicheis dérived from a
silicon semicongugtor3siwafer? is intéhded tommean i pasticidar substrates with a layer structure, for
example semieanductorswaers-with & layerdeposited-y:-means of epitaxypSQE substrates ("Silicon

On Insulator’) and spQLsubstates (Sirained.Silican On Insulator) and corresponding :ate products
(for examBIe SQ&{T = "Slllcon-gﬁ;eirlmgnlum On,!\%%% %or") thereof. 5 The intermediate products also

. ROH. apmonium b roxide ) | stramethy.lammoniu
include donor semiconductor wafers, from whic ayefs are transferred onto other substrates,

particularly in tHE'E01irSE of Prodlicing SUTSbSFaR S In'Gtaet (6Pt B feusable!Stishecessary to

potassium carbonate 1z more particularly preferred.

(:‘ The polishing agent sclution may furthermore contain cone or
15 more further additives, for example surface-actlive additives
such as wetting agents and surfactants, stabilizers acting as

protective colloids, preservatives, biocides, alcohols and

seguestrants.

20 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.

23 Particularly suitable substrates are semiconductor wafers nade
(J 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
30 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

35 wafer, ls 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)



N smooth the donor semiconductor wafer's surface exposed by the layer transfer, which is
comparatively rough and has a characteristic step in the edge region. The substrates' surfaces to be
polished need not consist ofsilicon, or only of silicon. They may, for example, be layers consisting of a
[1I-V compound semiconductor such as gallium arsenide or an alloy of silicon and germanium
(Six0e2.,). Other examples are layers of indium phosphide, gallium nitride 20 and aluminum-gallium
arsenide. Such lavers are currently of great interest in particular for the production of "Light Emitting
Diodes" (= LEDs). The surface of SixGes, layers is often characterized by a 25 pattern, known as
"cross hatch" and caused by dislocations, and as a file 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 acearding-to-the invention, then:the, polishing. agent syspension ordhe:pelishing agent
solution, or both,;may.contain an gxidizing agent a5.a further additive.  Suitable oxidizing agents are

hydrogen Qeroxide (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 the ' polished surface. S
Substrates with'#¥ |drgeeditRétdr for estaniplesikcon seritonducter wafers vt acdiameter of 300 mm
or in particularwith e digmeterof. 4501rm -are: pelished:indiiduatly accordmng to the invention. The
separate polisbingssteps:(at least d-uiarly in the course of producing S0I

substrates. In order for it to be reusable, it is necessary to

10 smooth the donor semiconductor wafer's surface exposad by the
layer transfer, which is comparativelv rough and has a

characteristic step in the adge region.

(v The substrates’ surfaces to be polished need not consist of
15 silicon, or only of silicon. They may, for example, be layers
congisting of a ITI-V compound semiconductor such as gallium
arsenide or an ailoyvof sllicon and germanium {(Si 8.} .
Other examples are layers of indium phosphide, gallium nitride
20 and aluminum-gallium arsenide. Such lavers are currently of
great interest in particular for the production of "Light

Emitting'ﬁiedas“ {= LEDs) .

The surface of S5i,Ge;., layvers is often characterized by a
I5  pattern, known as "cross hatch”™ and caused by dislocations, and
QM 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
30 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
35 (O3} . Their addition converts germanium into & water—soluble

compound,

Without their addition, particles that coatain germanium may be



10 according to steps a), b), c) and d) of the method according to the invention) are carried out
sequentially on both the front-and the backside. The invention does not relate to simultaneous ‘
polishing of the15 front- and the backside at the same time (DSP). According to the invention, only one
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 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 heatfs, the semiconductor wafer's side surface facing
away from the polishing pad bears on a resilient membrane which transmits the polishing pressure
being exerted. 80-1he membrane.ds a&-componeni-of an opfionall-subdivided ehamber system, which
forms a gas or liguid,cushignNevertheless, there are polishing heads in use in which a resilient
backing ("l%acklng pad") is used instead of the 35 membrane. This resilient backing is generally applied
on a solidly manufactured plate ("backing plate"). Between the backing pad and the wafer backside, an
air,cushion may“h& 8ptidnaly e geeratet et variols z6HesorT thé Wafer | 4 backside.
Furthermore, there arecalsoolishing=hedads in usesmewhichythe Water is polisheekwitkrtheraid of a
so-called 5 "template’, d.esdyt- means of @ backing-plate and.a retainerding whichds,applied on a

resilient backiqu('g}%clgggé;&qgghﬁéetg%%%@g, }V\J@i’%pggga &eefinﬁed( g%ickness, i(,[':,-used so that the

wafer maiir%tainsﬁigs positlor% in ttge carrier qurlng the gglishingﬁ."[he tﬁlcmkneSSig?t tb.rﬁs__retaiir_ler ring may
be selected 10756 that itis Sittier thicker tHalr the wifer perSe FWhilhiE He S iied 4% So-called
"recessed waféf*- oF thmherin Which TasEthe térnd pibfettiriy wafer i$usedthTherpolishing of the
substrate is carriedout whilesupplying a 15 polishing agent between the substrate and the polishing
pad and by rotating the polishing head and the polishing plate.

(

The invention doess not relate to simultaneous pollshing of the

15 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
20 of a "polishing head"”, with the side surface to be polished

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

25  off the polishing head 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.
30 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

35 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



In addition, the polishing head may also be moved in translation over the polishing pad so that more
comprehensive 20 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, 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 6fthe elements cerium, aluminum, silicon or
zirconium and particles of hard substances such as silicon carbide, boron nitride and diamond, 5

Particularly suitablespalishing-pads-have arswface tepagraphy imposed Qggarg@li@@tqg gl_i%ostructures.
These microstryctures (posts.).have, for.examnle, the. shape of columns With.a,cylindrical or

polygona[ gros&segtgqq:gg thg sha%gof Pyramigs 10 orpjyramiql frustums. Suph polisping pads are
commercially availablé, and are providad 167 eXarfips by 31 EorpS USA (of 8kanifle "ESP 001" from
3M). More detailéd d8scriptiohs*8PStER polishifg Padsare iBeoHtained® fok exarmplE,in WO 92/13680
Al and US 2005/227590:Ak1nstep.c)yaistockapolishingipad: is preferably useduA:polishing pad of the
SOBER" range fromRehm feHaasiisfolns its position in the carrier during the

pelishing. The thickness of this retainer ring mav be selected

10 so that it is eitner thicker than the wafer per se - which is
described as a sco-called "recessed wafer™ - ox‘thinner, in

which case the term projecting wafsr is used.

{: The polishing of the substrate is carried ocut while supplying a
15 polishing agent between the substrate and the polishing pad and

by rotating the polishing head and the polishing plate.

In additicon, the pelishing head may also be moved in
tranglation over the pcolishing pad so that more comprehensive

20 use of the polishing pad surface is achievad.

Furthermore, the methoed according to the invention may be
carried out equally well on single-plate and multi-plate
polishing machines.
25
(u It is preferable to use multi-plate polishing machines with
preferably two, more particularly preferably three polishing

rlates and polishing heads.

30 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

35 used In 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



20 example suitable for this, for example SUBA 1250 ("stock pad") or a typical CMP 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 according to the invention, i.e. a polishing pad which contains fixed abrasive
unlike stock and 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 p&l”rshing pad may be conditioned by means of
standard pad conditioning. For example, diamond dressers from KIWIS may be suitable for this. 16
Example An PAR padiom BM CerpsbSAnwas used fasthe exemplasy s embediment, with abrasive
particles fixed thereinimagle of cerdum oxide (Ce02) and with an average grain size of 0,55 pm ("ESP
001"). T5able 1 shows an example of the process sequence for frontside 10 polishing with all the
important parameters. A multi-plate polishing machine was used for the tests (AMAT Refiection from
Applied Materfdls “iric?). N Thé potishig FRacRine BoRTiis s 55 -2 ofie risifibFaiRe CaitFigr, which allows
the pressure profifesefithe carrier to: bedsetidifferently in5: zonébe Thenprocess:paramsters specified in
Table | are familissd0dthe have, for example, the shape of columns with a

cylindrical or polygonal cross saction or the shape of pyramids

10 or pyramid frustums.

Such polishing pads are commercially avallable, and are

provided for example by 3M Corp., USA {(for exampls "ESP 001%

{L from 3M). More detziled descriptions of such polishing pads are
15 contained, for example, in WO $2/13680 A} and US 20056/227590
Al.

In step c), a stock polishing pad is preferably used. B
polishing pad of the SUBA™ range from Rohm & Haas is forx

20 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

Z5  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,

3 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

35 polishing pad may be conditioned by means ¢f standard pad
cenditioning. For example, diamond dressers from KINIC may be

suitable for this.



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 (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 was subsequently carried out on the same polishing plate,
likewise with an FAP pad but by using a polishing a@g%nt suspension. 17 Table 1 5 t)Glanzox 3900 is
the product name of a polishing agent suspension which is available as a concentrate from Fujimi
Incorporated, japamEhe concentrate, with a pH of 10.5, 18 contains about 9% by weight of colloidal

SiO2 with an average paHicle size of from 30 4040 cm, The 8i02 content.indicated in Table 1 is

expressed,in s, o {he, polishing agent. e Nanomaper(r) insyyument fio KLA Tencor was used

to study the nanotopography. This mte?Fejrometer IS suifablé tor measuring pog?aphy in the range of
between -20nmeand% 28nFon ‘10 the Frontéide ot e8rticdRdaEforwale Diring the Hieasurement,
the semiconductdiivafét is placed on a soft flat wafer holder (chuck). The peak-to-valley (PV) values
obtained are filtered (Gaussian high-pass filter) and analyzed on circles with a 2 mm diameter (in

addition, also emsitcleswith 2 10 mm diameter).13 in respect of. peak:to-yalley deyiatiops. In the THA
analysis (If'(;hre[_%lplds lpfig.hg,agglygjs")t{lo_r detacgl_fshs%% %%I}:Aal mS@tQQQQrd M43, the 3-sigma PV value was
finally calculated from the distribution of all the PV valties™as a'§6-called THA value.

A multi-plate polishing machine was used for the tests (AMAT
Reflection from Applisd Materials, Inc.).
15 Tne polishing machine comprises a S-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

20 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

25 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
30 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.

33 BSteps 3 and £ on plate Z and plate 3 correspond to conventicnal

CMP steps.



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 .vention
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 |mprovm'jg7the local 35 planarity of the so-called "partial

sitwill be explained below with the aid of Figure 1. 19 SFQR values occur in

one hand for a
after the wafer

the partial sites, on the

silicon with a di
according to the
polishing of the

Table 1):
step 2: 8 sec Gl

exclusively Glané%>§g§egollsh agent; i

amount.

vafarbeiore eakying out the methed according| todhednvention-angdinsthe other case
1as been polished according to the invention. A DSP- polished wafer of monocrystalline
Ameter of 300 mmwas studied: Thyorder to estaptishthe effectof the N-method
) invéntionon the edge %%%‘fﬁetry, tRESAME Wafer Wk SiibjectBd 16 cdfesponding
frontside,for which the falleing paraimsters were sxaplbyed (6f %fef sequences in
- plate ExwithRAPrpadistep| L 33$ez:/onlﬂy KZE)Oﬁ/soiumon'(O 2,% U Ay weiglit); subsequently
anz o (siliea sl plates.2 and 3 with haze-freespelishing pag. (GMR /SFM 3100") and
1,3%0)} cgse 33 sec. 20 A §|g[r)1|f|cant anr%vement by about 0.01
pm is found over tg&eggrge dg}s;gbuﬂon The SPQR."™ of the pa tlal sites is also improved by about this
Retainer ring 7.5 7.5 7.5 7.5
application ' ;
pressure [psdil z
Agent FaCOs Glangox Glanzox Clanzowx
.2 wt.% | 3300%) 3800%) 3900%)
0.8 wt.% G.8 wt.% 0.8 wt.%
Flow rate 0.5 0.5 1 0.5 0.5
[1/min} |
Polishing times 33 127 160 160
[s]
Flate/head speed | 119/123 |119/123 118/123 119/123
[rpm] /[xpm]
Type of pad - - in situ in situ
condi tioning
Application - - 4 P4
pressure of the
pad conditioning
unit [ih]
Pad conditioning | -~ - 100 100
speed [rpm]
Polishing pad FAP pad | FBP pad CMP pad CME pad
0.55pm | 0.55um SPM 3100 | 8PM 3100

Table 1

5 *j@lanzox E200 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,



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

from the frontsidg of the semigondugior wafes by.polishing the frontside of the %E\FEF%EUCW wafer on
a polishing pad,.a polishing agent solution which, ontain,s%br sjives being introduced between the
frontside of the semiconductor 25wafer and the f)gliénﬁih J‘[:)étd%’u&r‘inﬁatﬁ“(-':‘egcglislhp“lCrificht”e?:ft;g d) finish

polishing of the frontaide of te SEMitontuCtSr WATSF by polishiig the frBAtSia& S the semiconductor

wafer on a polishing pad which contains no abrasive fixed in the polishing pad, a polishing agent
solution which'B0conrtainsabrasivessheingeintradueed betweenthefrontside oftha.semiconductor

wafer and the pglishing pag-duting-thepalishing.step: oot er is suitaple for
measuring topography in the range of between -20nm and +20nm on
10 the frontside of a semiconductor wafer. During the measuremsnt,
the semiconductor wafer is placed on a soft flat wafer holder
{chuck). The peakx-to-valley {PV) values obtained are filtersad
N {Gaussian high~pass filter) and analyzed on cilrcles with a 2 mm
(; diameter {in addition, also on cirvcles with a 10 mm diameter)
15 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.

26 The wafers polished sccording 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

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

polishing process.

36 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 te 5 nm.
The improvement in the edge geometry by improving the local
35 planarity of the so-~called Ypartial sites™ will be explained

below with the aid of Figure 1.

Fig. I shows the distribution {freguency) with which particular



2. The method as claimed in claim 1, wherein the polishing 35agent solution according to steps a) and
b) is water or aqueous solutions of the compounds sodium carbonate (Na,CO3), potassium carbonate
(K2C03) , sodium hydroxide (NaOH), potassium hydroxide (KOH), ammonium hydroxide 21

(NH40H), tetramethylammonium hydroxide (TMAH) or any mixtures thereof. 3. The method as claimed
in claim 2, wherein the pH of the 5polishing 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. 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 contains an abrasive fixed in thé®polishing pad, a polishing agent solution which
contains abrasives being introduced between the front side of the semiconductor wafer and the

polishing pad duringA5the:-pelishing: step. & Ehe methad as claimeddnane of claims 1.to 3, wherein
the proportion of the ahrasive in fhe Rolishing agent.suspension according fp steps.g).and d) is from
5  and in the other case after the wafer has bsen polished

according to the inventicn.

A DEP~polished wafer of monocrystalline silicon with a diameter
of 300 mm was studied. In order to establish the effect of the
10 method according to the invention on the sdge geometry, the
same wafer was subjected to corresponding polishing of the
frontside, for which the following paramsters were employed
{cf. stTep saguences in Table 1)}:
(: - plate 1 with FAP pad: step 1: 33 sec only KpCOs; scolution (0.2%
15 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.

20 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

25 improving the local geometry in the edge region.



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 from 250.25 to 1% by
weight. 7.The method as claimed in claim 6, wherein the average particle size is from 5 to 300 nm.
308.The method as claimed in claim 7, wherein the average patrticle 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
35o0r more of the oxides of the elements aluminum, cerium or silicon. 22 10. The method as claimed in
claim 9, wherein the polishing agent suspension contains colloidally disperse silica. 11. The method as

claimed in claim 1, wherein 20
Patent olaims:
5 1. A method for polishing both sides of a semiconductor

wafer, comprising the following steps in the order
.apecified:
a) polishing of & backside of thé semiconductor wafer on a
polishing pad which contains an abrasive fixed in the
10 polishing pad, a pélishing agent solubtion 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
i3 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; ‘
20 ¢} 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
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 containg no abrasive fixed
in the polishing pad, a polishing agent solution which
30 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
35 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

-(NaOH), potagsium hydroxide (KOH}, ammonium hydroxide



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 the pH of the polishing agent suspension is adjusted by
10additives selected from sodium carbonate (Na2003), potassium carbonate (1=3), sodium hydroxide
(NaOH) potassium hydroxide(KOH),ammonium hydroxide(NINON), tetramethylammonium hydroxide
(TMAH) or any mixtures of these compounds. 15 13. The method as claimed in one of claims 1 to 12,
wherein the polishzt&gb%qs used in steps ) and ) contain abrasives seigcted from particles of oxides
of the elements cerium, aliminum, silicon or zirconium or 20particles of hard substances selected from
silicon nitride, boroaHitfeesor-gafiéid. 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 contgins fixed abrasive is used in $16p ), 30merein the pr of the
5 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 claims 1 to 3, wherein a

=N
o

10 further polishing step is carried out between steps D) 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

15 the 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 ¢y and d) is from

20 0.25 to Z0% by weight.

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

25 0.25 to 1% by weight.

7. The method as claimed in claim 6, wherein the average

particle size is from 5 to 300 nm.

30 8. The method as claimed in claim 7, wherein 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 cne

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

silicon.



16. The method as claimed in claim 15, wherein a polishing pad with abrasives is used according to
Claim 13. 17. The method as claimed in claim 1, wherein 35the semiconductor wafer 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 by a method 5according to claim 1 and a front side
nanotopology - expressed as THA-2 (SEMI Standard M43) -of from 1 to 10 nm. 19. The silicon

wafer according to clairrge%%, gaving a front side 10nangtapology. -expresged,as, TEW-2sfrom 1to 5 nm.

20. The silicon Wa@reaccord?ng 6 claim 18 or 19, having a diameter of 450 mm._Abstract Method for
Polishing both sides®fla Seatieondactor WakerFhé friventioh' relafes™ 0% Methbd for polishing both
sides of a semiconductor wafer, comprising the following steps in the order specified:

11. The method as claimed in claim 1, wherein

) the 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
the pH of the polishing agent suspension is adjusted by
10 additives selected from sodium carbonate (Na,C0sz},
potassium carbonate (xacos) » sodium hydroxide (NaOH),
potassium  hydroxide (KOH) , ammonium  hydroxide (NH,0RH),
tetramethylammonium hydroxide {TMAH) or any mixtures of
these compounds.

15
13. 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

20 particles of hard substances selected from silicon nitride,

boron nitride or diamond.

14. The method as claimed in claim 1, wherein a

polishing pad which contains no fixed abrasives is used in

25 step C.

15. The method as claimed in claim 1, wherein a
polishing pad which contains fixed abrasive ils used in
step ).

30
16. The method as claimed in claim 15, wherein a polishing pad

with abrasives is used according to Claim 13.

17. The method as claimed in claim 1, wherein

35 rhe semiconducter wafer is a silicon wafer with a diameter



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
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 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 segné'c%%u%gr(ypfﬁgggq the polishing pad during the polishing step; c) removal of the
microroughness and microdamage from the frontside of the semiconductor wafer by polishing the
frontside the semiconductor wafer on a polishing pad, a polishing agent solution which contains
abrasives heing introgucee-between:the: frontside: of therseraiconducteP wafer akd #9e polishingpad
during the polishing step; d) figa'f%'g@mef the froniside o the.sermiconduster-Wafer by polishing
the frontside of the Semiconductor wafer on a polishing pad which contains no abrasive fixed in the

polishing pad, a pelizhing dgeritsoldtdiwhich contding Hbrasives HaiRg Shroddded between the
frontside of the semiconductor wafernand thempalishing padduriig the pofishinglstep. Fig. 1

nm.
19. The silicon wafer according to claim 18, having a front side
10 nanotopology —expressed as THA-Z ~from 1 to 5 nm.
20. The silicon wafer according to claim 18 or 1%, having a

diameter of 450 mm.



