2009PO008ODE / Ki Met hod for the Double Sided Polishing of a Sem conduct or
“Wafer The invention relates to a nethod for the doubl e sided polishing of

a‘senicongyﬁ? q@@%gt) ?Elln particular, the invention is intended for

‘doubl e si Ing of 'silicon wafers in the next technol ogy

generati ons, prlnarlly waf ers whi ch have a dianeter of 450 mm At present,
mai nly polished or epitaxially coated silicon wafers with a 10 di aneter of
300 mMmm are used for the nost demandi ng applications in the el ectronics
industry. Silicon wafers with a substrate dianeter of 450 nmare in

devel opnentietiied disweriheaPonbdsoRidhg Pdkishiet rahix Scmidustingtde SWaBs

| arger 15 substrates for the production of their components, whether

m croprocessors or nmenory chips, resides in the enornmous econom ¢ advant age
whi ch the?hﬁr%#ﬁ%ﬁﬁlQHlRQ%§t§@n¢@oﬁdm@tb©dlﬁdUsﬁh%/dQUHt§SSﬁdﬁda long tine

been cust quyhiééngpQ§fgﬁukggdg&gbkagg§e§pbstrate area, or in other words
to conS| how 20 great a nunber of conponents, i.e. |logic chips or nenory

ChIpS can be accommobdat ed on an individual substrate. This is related to

the fact rhapasciadidml iseiet ¥ nobnt henCoPONEM BT -AGMEEE' §:QEACESSI NY

steps are d. at t ntire substrate, but there are also the |nd|V|duaI
steps for®? gi% %#l%qgﬁbgﬁgﬁFﬁsl%Stﬁeépeﬁﬁ(ﬁﬁﬁHQQ CPKe IEBRPDMENI
structuragxmmammusungquemhhyhlBadet@ ﬁi&meiuh\Uﬂhﬁﬂo @, paL pﬁﬁséﬁewefore
t he produgcti r _ho Lou roc SSIn step are d er m ned
very parﬁﬁ%dﬁg?&Rﬁﬁ%hﬁheogu%gfga egg% = thgag J%nces t he
pr odudt | ol asftey gdr 306nponent teed ﬁ@xyuﬁﬂfmnﬂsKﬁﬂm&ﬁhageapghiqazﬂnhs s

%h?refOrQu?ftﬂéngy¥ﬂ%r%99@9”EﬁthPP§Pa@fficon wafers with a substrate

diameter of 450 mm are in development.

An essential reason why the electronics industry desires larger

15  substrates for the production of their components, whether
microprocessors or memory chips, resides in the enormous
eccnomic advantage which they promise. In the semiconductor
industry it has for a long time besen customary to focus on the
avallable substrate area, or in other words to consider how

20  great a number of components, i1.e. logic chips or memory chips,
can be accommodated on an individual substrate. This is related
to the fact that a multiplicity of the compeonent manufacturer's

processing steps are aimed at the entire substrate, but there

M

are also the individual steps for structuring the substrates

25 1.e. producing the component structures which subsequently lead
to the individual chips, and therefore the production costs for
both groups of processing steps are determined very
particularly by the substrate size. The substrate size
influences the production costs per component to a very

30 considerable extent, and is therefore of immense economic

importance.

However increasing the substrate diameter entails great and
sometimes entirely new, hitherto unknown technicel problems.
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- However increasing the substrate dianeter entails great and sonetines
“entirely new, hitherto unknown technical problens. 2009P00080DE /Ki 2

Lastly al ROOOPEROSOERE NI iSt eps, whether they are purely nechani cal

‘(sawi ng, grinding, lapping), chemcal (gtching, cleaning) or

chem cal -nmechanical in nature (polishing) as well as the thermal processes
(epitaxy, annealing), require thorough 5 revision, in part also with
respect to the nmachi nes and systens (equi pnent) used for them The present
i nvention focuses on the polishing of a sem conductor wafer as the | ast
essenti al LprbEBsai hotha aromsesing shepnaf ehetlel ntrendedf ureAy producti on

of menory,,ehiPsicor | rHNCiRk t he I 8L, essent i pLOcessi ng
step whi crﬁ pr ecedes ée%“ﬁg?g gglﬁﬁgﬁ\?\éf g?}?&v’\&h@e&' 'E%ieénmgiaecf%gr qlte[g%:hﬁ? hded to be
used as aSiR2EHtYled it oREicEl " FEFLERECHE obuca B of (Bfoder e cRBpYoEkssor s.
15 I'n theafabid caldQmk 107 9eMI:c0BAUEHOF s 00 EXisned TirdP Patldgubarhy-&kd i cal
to achjeve a, sufficient l%n%ﬁ()d edrg1e geometry, in the region at a distance of
| ess than"Bf &ty o #2 FEM'Ehe BATRSTE thehfafes 5t BBInAKItFHOI ogy.
20 The nanetrojpotcogy) itssecomwenthenal |y expressed as a height variation PV (=
"peak to valley"), based on square neasurenent wi ndows with an area of 2 mm
X 2 mm 25 The term "nanot opol ogy" or "nanotopography" is defined by SEM
(Seni condiiet arr <y tprievenandnMiber as sot rither natliiehdlny af meani ng t he

planariZa@éﬁﬁbékaﬂd%kko%a%%rtgg Eg%iigsﬂwgégegﬂf%Qt%&%@eg@ikaes§851&ﬁgn
wavel ength range of fromO.2 to nm
i0 ~ the wafer is intended for the production of memory chips, or in
principle as the penultimate essential processing step which
(: precedes epitaxy of the wafer, when the wafer is intended to be
used as a so-called epi wafer for the production'of modern
microprocessors.
15
In the fabrication of semiconductor wafers, it is particularly
critical to achieve a sufficiently good edge geometry in the
region at a distance of less than or egual to 2 mm from the
edge of the wafer and the nanctopology.
20
The nanotopology is ceonventicnally expressed as a height
variation PV (= "peak to valley"), based on sguare measurement

windows with an area of 2 mm x 2 mm.

25 The term "nanotopoclogy" or "nanctocpography" is defined by SEMI

(Semiconductor Egquipment and Materials International)} as
meaning the planarization deviation of the entire wafer
frontside in the spatial wavelength range of from 0.2 to 20 mm
{lateral correlation length) and within the "fixed quality

30 area” (FQA; a surface region for which the properties
stipulated in the product specification must be fulfilled). The
nanoteopolegy is measured by fully scanning the entire wafer
surface with measurement fields of different size and with
overlap. Not cne of the surface height variations (peak to

35 valley) found in these measurement fields is allowed to exceed

the maximum value required for the entire wafer. The



(lateral correlation length) and within the "fixed quality 30 area" (FQA, a
surface region for which the-properties stipulated in the product

specific EQMR} illed). The nanotopol ogy is nmeasured by fully
scanning%%gg9 ntir 6§¥§y$jsurface W th asurenent fields of different size
and with overlap. Not one of the surfacé height variations (peak to 35
val l ey) found in these neasurenent fields is allowed to exceed the maxi num
value required for the entire wafer. The 2009P00080DE /Ki 3 neasurenent

field sizes are defined specification-dependently and, for exanple, over 2
X 2. me, MEas&iama&taﬁdela %1t8smaRe @éﬁiﬁﬁﬁwgﬁecﬂﬂumdﬁlnakdapanuepolpgy of a

senicondgﬁg rﬁ%@ m%l ggga&eddg & pgllsglmﬂz cf%ﬁ?x 1 order to

i nprove the. planarlt *a”Séfi conductor wafer, eqU|pnent and met hods f or
S|nultaneously pollshlng the frontside and backsi de of the seniconductor

waf er %@{éx&@ovk%d;gﬂng?éﬁ%ipﬁﬁ’g Qzlfiﬁdau 5%91;%%118@@-%9 gopbl & si ded

pollshlng I s descr 3691694 ccordlng to an
enbodinefiesiradsebPy g gedi EBIL%hPJ?@C%%S delseransed ite Errzo8s16ia,

sem condyctofa Makens &N sertabn@icPbAStd Loy C@ddl%fmel?ﬂ“ataﬁ@ n@Eholignplat es”,
whi ch have SU|tab%§éﬁ%nggiloned recesses, are noved on a path 15
n

predeterﬁﬁﬁﬁ} hE-pRDCERS ﬁ%ﬁﬁﬁﬁﬁﬁ?§ﬂﬁbFﬁ€§ﬁl? OFO?%ﬁlng

pol i shi ngepliatsiveaver edrart bz te pedds by ipad! iand ferpheseaseeDipad.
polishing sol, and are thereby polished. The doubl e sided polishing step is
conventionally carried out 20 with a polishing pad of honbgeneous, porous
pol yrer f{Searnalileld aohbﬂdne$Se@fp¢liﬁhiﬁbt(DﬁH) (ShdeschA)pbeds descri bed for

CXampl o \elEal0004508 ChgoTheK e ddcdddl 36l dseduthtnthe polialing pad

hering t he upper polishing per mea channel s
and t he Md@hp@élph@lnadherﬁﬁ@crﬂdoamem &Aer20831581, semlconductor

wafers in metal oxr plastic "carrier plates™ or "templates",

which have suitably dimensioned recesses, are moved on a path
15 predetermined by machine and process parameters between two

rotating polishing plates covered with a polishing pad in.the

presence of a2 polishing sol, and are thereby polished.

The double sided polishing step is conventionally carried out

20 with a polishing pad of homogeneous, porcus polymer foam with a
hardness of from 60 to 80 (Shore A), as described for example
in DE 10004578Cl. There, it is disclosed that the polishing pad

. adhering to the upper polishing plate is permeated by a network
(T of channels and the polishing pad adhering to the lower

25 polishing plate has a smooth surface without such a texture.
This measure is intended on the one hand to ensure homogeneous
distribution of the poclishing agent being used during the
polishing, and on the cther hand to prevent the semiconducior
wafer from sticking to the upper polishing pad when the upper

30 polishing plate is lifted after polishing has been completed.

For double sided polishing, the semiconductor wafer is placed
in a recess of a carrier plate so that the backside of the
semiconductor wafer rests on the lower polishing plate.

35 ' |



25 poli s'hi'ng pl ate has a snooth surface wi thout such a texture. This
“nmeasure i s intended on the one hand to ensure honpbgeneous distribution of
t he pol i shi M i -used during the polishing, and on the other hand
to preven‘?}op% se %@% ctor wafer fromsticking to the upper polishing pad
when the upper 30 polishing plate is lifted after pol i shing has been
conpl eted. For double sided polishing, the sem conductor wafer is placed in
a recess of a carrier plate so that the backside of the sem conductor wafer
rests on the I ower polishing plate. 2009P00080DE /1(1 4 Besides DSP, in
t he pri orBegidesn-IH,| ech EMR palbshang $6-@d BiedenEs paly shingr deraleo
el i m nat e _def ect d reduce the.surface, roughness. In CVP . a soi er
pol i shi ngnepcaefslcas&uggld THEn iR f)g . u?? h%‘?lér)r%res &ﬁﬁ% r&ﬁgcgi Egeo?ut% €
sem condutstughngafser Iirs OBiPpoki shétebypokbrtsigf @GP isnasellythhe sideShn which
conponent;s, 4L .sHpsequant Ly.i ot goded 10 he fabr] : prior art also
refers to finish poli glhi@’ng. © metﬁodkge are ¢ |‘s_([:ﬂlq%t§§%, vgggr&%rrpl e, in US
2002- 607 #39-"afd Y BSapg08L0UB7 20amaly WHDE5491 Ahidbsephpenents
t wo- st agey ROl sl MR Rodn et Re@ £bnsd FARi(CHdeedralr gsive potishing”)
pol i shi n%siep using a %O|Ishl ng pad wth abrasive fixed init, and a
subsequent® & 160 Renr P2 g cHEN ARG 129Ki ASTLPBPEsni®g step. In
CWP (as igxabpR)e, iim centrastobo76AP ped ishiurg,2olkeopobirshing 15 pad
contains no fixed abrasive substance. Here, as in a DSP step, abrasive
substance in the formof a suspension is introduced between the silicon
waf eridand@a B¢ /56l4idhirdgdpadr 118ee he et vaveststaag e idkhshngenesdodiis aused in
particul ar; tQ ehi-m Rat, c i-ch..t:he KA .ep.has t, ind on the
%0 pol | shed Curfhcd. af ERe BtRerare fi bt poT s BRiRES L8 Lu IREy T

- polishing pad with abrasive fizxed in it, and a subsequent

second CMP ("chemical-mechanical polishing”) polishing step. In
CMP (a&s in DSP), in contrast to FAP pclishing, the polishing

15  pad contains no fixed abkhrasive substance. Here, as in a DSP
step, abrasive substance in the form 6f a suspension is
introduced between the silicon wafer and the polishing pad.
Such a two-stage polishing method is used in particular to
eliminate scratches which the FAP step has left behind on the

200 polished surface of the substrate.

German Patent Applicaticn DE 102 007 035 266 Al describes a
(_ methed for polishing a substrate of silicon material,
T comprising two polishing steps of the FEP type which differ in
25 that a peolishing agent suspension which contains unbound
abrasive substance as a solid 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 pelishing agent solution which is free of solids.
30
It has been found that the methods of double sided polishing
followed by a finishing CMP polish, which are known in the
prior art, will not meeit future requirements for adge_geometry
and nanotopology and are unsuitabie for processing wafers with

35 substrate diameters of 450 mm.



German Pat ent Application DE 102 007 035 266 Al describes a nethod for
polishing a substrate of silicon natﬁrial, conprising two polishing steps
of the FAP type which differ in 25 that a polishing agent suspensi on which
contai ng MRBOWRL AR 884 SoSPRIRNS Endfiod B0!thdl dodblentitadypashiRetegn t he
substrate and the polishing pad in one polishing step, while in the second
pol i shisgisndpctoheafsoklias kiekg taagldntss sulsptnse ohthesboephantiededgroblepsl i shi ng
agent solution which is free of solids. 30 It has been found that the

met hods of doubl e sided polishing followed by a finishing CVW polish, which
are Knoxecokding i€ aR bbbt 8f the i dnliom Qher@BEprofitled lemE@ad ifsreRE abshlé @ideg@dge
geonetry and nanot opol ogy and are unsuitable for processing wafers with 35
subst r apadisbingmef e s sghicaBdngen waelA paBpritingr pélohmgexd sftantside ppbvihde a

met hod for. the doubl.e sided polishipg of a.sem con t.or fer t seeks
to addr%?éco&gu?tgﬁs%af%n% %1% 3 tﬁsgepa ovenerit P %ﬁ%ﬁl gpﬁ%!b gﬁsf?xeg\\é\%ﬁs&fehgg{lo an
aspect @hulthRohfly pblisiany a bidkRleios thy euideduaonehitedithar pdiRkindeabkiet si ded
polishing of a sem conductor wafer, conprising polishing a frontside of the
sem conkitisy DRafkiesive Rut jduging swBishby pRlishEZa apaiti SHIHBINEadPRFYR i xed

abr asi Viﬁ%r %gd %'e%}l%qgg&gﬁjh dld'tﬁet}'c'agtaﬁls%c ddd%rﬁivet q tﬁg%&gﬁg% tor
wafer Wth & pol'i'shi'ng pad that contains no abrasive, but during ich a
pol i shi thg sagrbhdentaii, gagbsabiicas inversicn éfithe edniceniusetrweder, birbthpolis shi ng pad

t hat contains no fixed_ abrasive d the backsi de, of .fhe sen conduct or
waf er, %ﬁ%ﬁ%ﬁ?hﬁhiﬂﬂe%%égk%ge C_ef?f eé@ﬁi@@%ﬁﬁwt%%fewf ra,wilﬁ@nsﬁ’é_ i g
second step PeLishiRG.d he Qﬂ%ﬁ%ﬁ Q519 poliiSing G0 AOMAME lPlinddBtoMulefor

pol i shing pad that contains fixed abrasive and sinultaneously polishing the
f r ont si eefeofvithhrepdeshinpoprdutbttorontmrdiseno fiktdalarapod,i spolngingagetthamntgongai ns no

fixed ahrasive, a.polishing agepnt cant.aini brgsi ve i ng.introdyced

bet wee PRV ot RE TR RO nah b moariice Rt Fhed 80 any 2aitoet JhEheSt ont si de
of the gem.eRNMIUFHRY sevb&iduclerhagi:ments of the invention thus provide a
conbi ned si mul t aneous doubl e sided polishing process, in that FAP polishing

and CWP polishing take place sinmultaneously first on the frontside/backside

and th n..the backsi de/frontside. The new,nethod n_obvia t

convent PBRITBES SF & Snanie Sl Sinyitne "SHpTR ShiRPe Rt otent s of
the i nvedishiag 58feshSnCBa! FAP (RULhiR aBXICNIP NBligikbE RaRNIladeofimugnddaubl e si ded
pol i shing of sem conductor wafers, for exanple on _a commercially avail able
doubl e Sisten thpofrostidedariendsd sl Gen vRehabsdonletfgnisids. dheprrepetisidtaps,
Rendsbur,g . . Thy [.Shi i i i with pin

interloé ﬁﬁgﬁ%gﬁgﬁéﬁ%% é@sgggbﬁﬁ%g%Eﬁﬁ%gpgﬁfﬁ&gggg%ﬂfggﬁTive the carrier

pl ates. The equi pnment may be configured for one or nore carrier plates.

Equi prent with a plurality of carrier plates is, preferred for die higher
t hr oughbBwbodigels @sthe H@@ﬁ@n Ga% OF BTGt oaxeghing SIHIPTRYD §B0Be SoBe/ Ki

sided polishing of semiconductor wafers, for example on a commercially available
double sided polishing machine of the AC2000 type from Peter Wolters, Rendsburg
(Germany).

This polishing machine is equipped with pin interlocking of the outer and inner wheels in
order to drive the carrier plates. The equipment may be configured for one or more carrier
plates. Equipment with a plurality of carrier plates is preferred for the higher throughput,

such as the one described for example in



6 DE-100 07 390 Al in which the carrier pl ates nove on a planetary path
<rabout the center of the equipnent. The equi pnment conprises a | ower -

pol i shi ng er polishing plate, which are freely rotatable
hori zont aﬂﬂb@mﬁiﬁzﬁed with a polishing pad. During the polishing,
the seniconductor wafers lie in the recésses of the carrier plates and
between the two polishing plates, which rotate and exert a particul ar

pol i shing pressure on themwhile a polishing agent is continuously
supplied. The carrier plates are also set in notion, preferably 10 via

rotating pkn1dd NOs Wy ¢h ergadechniheetir-onet her sidcwfer epcg of the
carrier plates. A typical carrier plate conprises recesses to hold three

seni conduBt T e FEtior e EPPchRfRF BNt OIS tHEULFEesséhe FEUINEHE are
inl ays wheehpsrs:d nt aaded peipsdtegtplie: faagide £ages pofl i thengepi fanduct or

wafers, including in _particular fromnetals heing released fromthe carrier
D ate. hody Fhe ear e St e BEUS R T St b CoorerebPenbrat 2
ceramfc, mia:'se?:ﬁicgg foieldier -Dugiinforoedppl astiny, orharetealicahidohtbos wafded with -
20 "di among; |4 ke carhons (RLG.! @%(Sré rﬁeere'éﬁ Y& @%‘W&Ew%ﬁf%é o

stai nl ess chrome steel being particularly reterred. The Fecesses are

pr ef er abl JoEarifinguped te6 - hohdchnr bt nurbbressir s énivesndacler matersing th a
di amet er ofealudLast <200 way 1Br f g5 ably; 30Q fuy. o %oﬂ%ﬁ.ﬁh&&é%' y
preferably 450 mm and 25 thi cknesses of from 500 to 1000 pm e polishing
agent usethRIOeAl- ndRELFASTHEY Plateqraidde Qlissly ilButiesacdf PRl s ve

subst ancevparidtelesg $i30rprgkerably shapgd onemdabhytndhe aver age
particle sjize is from5 t% 300_am Partlcul arly preferably from5 to 50 nm
2009PO00GOTE FRI= 77 of The carrier plates.

A typical carrier plate comprises recesses to hold three
semiconductor wafers. On the circumference of the recesses,

15  there are inlays which are intended to protect the fragile
edges of the semiconductor wafers, including in particular from
metals being released from the carrier plate kody. The carrier

lplate body may for example consist of metal, ceramic, plastic,
fiber-reinforced plastic, or metal which is ccated with

20 "diamond-like carbon™ (DLC laver). Steels are however
preferred, stainless chrome steel being particularly preferred.
The recesses are preferably configured to hold an odd number of

- semiconductor wafers with a diameter of at least 200 mm,
preferably 300 mm, more particularly preferably 450 mm and
25 thicknesses of from 500 to 1000 pm.

The polishing agent used contains abrasive.

The size distribution of the abrasive substance particles is

30 preferably shaped monomodally.

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

preferably from 5 to 50 nm.



The. abr asi ve substance consists of a material which nechanically renoves
"the substrate material, preferably one or nore of the oxides of the

el enent s gbgg?ﬂgng%ﬂﬁgaﬁggor silicon. The proportion of the abrasive

-substance™I'n agent suspen§ion is preferably fromO0.25 to 20
w.% particularly preferably from0.25 to 1 w.% It is particularly
preferable to use colloidally dispersed 10 silica as the polishing agent
suspensi on. For exanpl e, the aqueous polishing agents Levasil(r) 200 from
Bayer AG and d anzox 3900(r) from Fujim may be enployed. 15 The poli shing
agent prefTlee alddneciont anbstaddet coesistuclvfas sediamadambhanhat e (Na2C33) ,

pot assi u t i oxi ( i dr.oxi de
(KO« ambea U yaros cae CREoD S S e P amaan BECRoaront det ThR - 20
The pol i sherr) Hgeme sespeRsrdnthayehwesver acomtiaivm, overdumnor es fifadrer
additives, for exanple surface-active additives such as wetting agents and
surfactants, stabilizers acting as protective colloids, preservatives,

bi oci des, TRt GBS t4RE §E6qhB8t FRAI SL V25 UNFL@NRSt hEd CABCBP Ui Pyl 1D adrat

i nventi onsusbePPiicshiiBgppadei-spusetricly scert aionsakr agh¥ei suhstiance bound

in the pohlﬁping ag BFAE 25 FA pad)., 30 Suitable abrasive substances
conpri se Hor" EX: &%I TH8r ' €Pek®of Wxittes of the el ements cerium al um num

silicon or zirconiumand particles of hard substances such as silicon
car bi de, f¥”f¥1pgg%ghg$a%99 g%gggggkle 1o use colloldally dispersed

10 silica as the polishing agent suspension.

(: For example, the agueocus polishing agents Levasil® 200 from

Bayer AG and Glanzox 3900® from Fujimi may be employed.

15 The polishing agent preferably contains additives such as
sodium carbonate (NaCCi), potassium carbonate (K:COi3}, sodium
hydroxide {NaOH), potassium hydroxide (KOH), ammonium hydroxide
(NH40H), tetramethylammonium hydroxide (TMAH).

200 The polishing agent suspension may however contain one or more
further additives, for example surface-active additives such as
wetting agents and surfactants, stabilizers acting as
protective colloids, preservatives, biococides, alcchols and

(5 seguestrants.

25
In a method according to the invention, a polishing pad is used
which contains abrasive substance bound in the polishing pad
{FAP or FA pad).

30 Suitable abrasive substances comprise for example particles of
oxides of the elements cerium, aluminum, silicon or zirconium
-and particies of hard substances such as silicon carbide, boron

nitride and diamond.

35 Particularly suitable polishing pads have a surface topography

imparted by replicated microstructures. These microstructures



2009P00080ODE /Ki 8 ("posts") have, for exanple, the shape of colums with
“a cylindrical or polygonal cross -section or the shape of pyramds or

pyram d f pagtoms) etail ed descriptions of such polishing pads are
-contained? fof'ex%%%#g?ggﬁ WO 92/ 13680 Al and US 2005/ 227590 Al . It is
nore particularly preferred to use a polishing pad with 10 cerium oxi de
abrasive fixed in it, as described for exanple in US 6602117 131. The
grain sizes of the FAP polishing pads used (size of the fixed
abrasive/particles) are preferably greater than or equal 15 to 0.1 pm and
| ess than{bpoegeal havel, Xan eAapgrite,cltbesshaepofod. deDuthpmith garticul arly

preferred. A bariic i ~1-Q, LS £e td H!arly I ed.
20 One po??sﬁ?ng ﬁf3§g§f§g' SF%%e&gﬁ%?hQ%%%ﬁagﬁ£FA%%%§gg gfégggg 745

pol i shi ng@pl Y eakk rimstamsonvent i onal CVP pol i shing pad. 25 The CWP
pol i shing pads used are polishing pads wth a porous matrix. The polishing

pad preferably consists of a thernoplastic or.
5 More’'detailed descriptions of such polishing pads are

contained, for example, in WO 92/1368C Al and
Us 2005/227550 &l1.

It is more particularly preferred to use a pelishing pad with
10 cerium oxide abrasive fixed in it, as described for example in

Us 6602117 B1.

The grain sizes of the FAP polishing pads used (size of the

fizxed abrasive/particles) are preferably greater than or egual
15 to 0.1 pm and less than or egual to 1.0 um.

A particle size of 0.1-0.6 pm is particularly preferred.

A particle size of 0.1-0.25 pm is more particularly preferred.

20
One polishing plate is equipped with such an FAP pad.
(m, The second polishing plate carries a conventional CMP polishing
~ pad.
25

The CMP polishing pads used are polishing pads with a porous

matrix.

The polishing pad preferably consists of a thermoplastic or
3¢ thermcosetting polymer. A multiplicity of substances may be
envisaged for the material, for example polyursthane,

polycarbonate, polyamide, polvacrylate, polyester etc.

The polishing pad preferably contains solid, microporous

35  polyurethane.



30 thernosetting polyner. A multiplicity of substances may be envi saged for
“the material, for exanple polyurethane, polycarbonate, polyam de,

pol yacryl The polishing pad preferably contains
solid, nlgbgggqghgﬁggﬁ%égburethane 2009P00080DE /[Ki 9 1t is also
preferable to use polishing pads made of foamed plates or felt or fiber
substrates, which are inpregnated with polyners. 5 Coated/i npregnated

pol-i shi ng pads may al so be configured so that there are a different pore
di stribution and different pore sizes in the substrate than in the coating.

The pol i shings pads mﬂé@awlasa:@nusal b¥1i :lsl@-img PaderfLiated ro1Qeq! N or der

to control the por Ly of t he poljshin fillers may be introduced
into the Potishity ﬁ% FEl8Pb§t5@g?$aﬁﬁ§“§bFF%hﬂﬁﬁrﬁaaétaﬁer?%r
exanpl e, p&&yﬁﬁ%ﬂ 3100 fron1RodeI Inc. or the pads of the DCP series and the
pads of the I C10007", Polytex' mor StJBATM brands from Rohm & Hass. The
sem conductor wafer is preferably a wafer of silicon, silicon-germani um
silicon droxidy inpideigpeneni priidehbdng gakds umﬁ(hiaarcsemi @b@nﬁﬁl@u@ebem so-cal |l ed

I11-V senjgondychor smTQedw@ogné dﬂ;%fé’nd %\Asta%' ¥ Lo | Sore

preferred, for exanple crystallize oc ral ski oati ng
process. 5559 iigoAhfi ﬁﬁbﬁtFﬁQQ)th§QlD$ %ﬁe(qgﬂgﬂﬁkystal ori entation |s
particularly preferred.

The polishing pads may be substantially flat, or perforated.
10
In order to contrel the porosity of the polishing pad, fillers

- . may be introduced into the polishing pad.

Commercially available polishing pads are, for example, the SBM
15 3100 from Rodel Inc. or the pads of the DCP series and the pads
of the ICL000™, Polytex™ or SUBA™ brands from Rohm & Hass.

The semiconductor wafer is preferably a wafer of siliicon,
silicon~germanium, silicon diecxide, silicon nitride or gallium

20 arsenide and other so-called III-V semiconductors.

The use of silicon in monocrystalline form is preferred, for

- example crystallized by a Czochralski or floating zone process.

25 Silicon with a (100), (110) or (111) crystal orientation is

particularly preferred.

Thé starting product of the claimed method is a multiplicity of
semiconductor wafers which, in the known way, have been cut

30 from a crystal, have had their edges rounded and optionally
have been subjected to further process steps. The semiconductor
wafers may have a lapped, ground, etched, polished, epitaxially

coated or otherwise coated surface.

35 As mentioned above, when carrying out polishing according to

the invention on a double sided polishing machine, for example



The.starting product df the clained nmethod is a nultiplicity of
sem conduct or wafers which, in the known way, have been cut 30 froma

crystal, { ges rounded and optionally have been subjected to
further p?gﬁgggﬁngggn% sem conductor wafers may have a | apped, ground,
etched, polished, epitaxially coated or ‘bt herwi se coated surface. 35 As
nment i oned above, when carrying out polishing according to the invention on

a doubl e sided polishing nachine, for exanple 2009P00080DE /K 10 of the
AC 2000 type from Peter Witers / Rendsburg, the single sided finish

pol i shi ngofCRy Rdi Zd0d st gl igakoryter WbELprE0y REddHANDE QRVisahgdeSi nce
bot h the Qoéi h%ﬂ?.wgic d Lernig&& thﬁ' eonetr ?and t hat, whi.ch determ nes
t he surface“guat ¥y ark’ i"dd ‘otit £ 4 thoﬁso L19e o Hadiien@T % n the
prior artartheastise lkoandtfdaisshcpobbshi fige (BSPL sinthCM2)i havedeeennearri ed
out separ I e n.different. palishing machines. Only

t he frontglltlﬁe %(%nqétq{?ép%Cge%%ggo%ggggorgeag%%%n %stkbﬁesnu%qes &ﬁwyn‘%}éﬁs of
CVP i rf t heapriet arh .fulnwogerneotaphi eferanhbpti mal wafer geometry, here
above all the edge geonetry (edge roll-off elimnation), sinultaneous 15
doubl e sided polishing with planetary kinematics and the conbined used of

fi xed- abr 88 V&& &k VR G50l itERi BEOPKAS S f &r i ale\mtiddds:9si (MEE Bhd CMP)

fixed- abrigsry eoqal ishiNeProeesspapkes: |t possidd adarebvizatie.a conponent
conta|n|q$,€£llca sol..in order to obtajn the necessary polishing renoval,
owi ng to THe Hartr 0P85t PFERAFTS c ot gubr bl & Wit 9n °dvéPRang, and it

al so =@ | oyentdiencedger egifer akst beesepdTDACMCtOF waker ofoche del therately
influenceg%bfygg ernore, the CVWP polishing may readily be integrated in the
%?fscope of  Si mult'aneous doubl e sided polishing by one of the polishing
pt-ates being equi pped with a CVWP polishing pad, on which the CW step takes

bl ace. | oAuble siiatacliol bl oad e | e Lghyd akes 20

the edge geometry (edge roll-off elimination), simultaneous

15 double sided pclishing with planetary kinematics and the

. combined used of fixed;abxasive and CMP polishing pads offer

advantages since the fixed-abrasive polishing process makes it
possible to obviate a component containing silica sol in order
to obtain the necessary polishing removal, owing to the hard

20  pad optionally configurable with an overhang, and it also
allows the edge region of the semiconductor wafer to be

deliberately influenced.

— FPurthermore, the CMP polishing may readily be integraeted in the
25  scope of simultaneous double sided polishing by one of the
polishing plates being equipped with a CMP polishing pad, on
which the CMP step takes place.

The double sided polishing according to the invention takes
30 place in two polishing substeps, between which the wafer is

turned cover.

The fact that the entire polishing process is carried out on
one type of polishing machine leads to a considerable
35 simplification of the entire process sequence and to a saving

on space reguirements.



The,fact that the entire polishing process is carried out on one type of
.-pol i shing machine | eads to a considerable 35 sinplification of the entire
process s 65§E&ﬁgﬁﬂﬁ9%g@2ésaVing on space requirenents. 2009P00080DE / Ki
11 Edge hg I arried out before the double sided polishing
according to the invention, between thelltwo polishing substeps of the
doubl e sided polishing or even after the 5 conpl ete doubl e sided poli shing.
For this, the edge of a centrally rotating silicon wafer is pressed with a
particular force (application pressure) against a centrally rotating
polishing drum Such an edge polishing 10 nethod is known from US
5,989,105, in which the polishing drumconsists of an alum num all oy and
carri es &3 RHIIFGIBEIMaThES STRT EHIF e PaEO TG MIENEPBRAL| §19¢%ed on a

f1at wgf G_C:Kc%lm@lﬁ%ﬁg, a@ﬁ%@?@ﬁb' @QhﬂhélPineH‘ﬁf &gg%&m@t@hepﬁ%l {:\?anéf\;ﬁ{sﬁ{inlq o
protrudes fromthe chuck, so that it is freely accessible for the polishing
15 drum ﬁ?ﬁé&?p@oﬁ§eﬁg?oHQFbéﬁgiﬁ?ﬁﬁiggiﬁﬁf KGdEVEBt AEnBRt 8Py affect in
parti cul aroridietleocahbgeortetiey palidteiregdge regi on of the sem conduct or
wafer. This is related to the fact that with the 20 relatively "soft edge
pol i shing pads" used (it is conventional to use relatively soft polishing
pads on Wxhhdisli thsselygesodpplded)raliot rorlay itthe sedgeont sefdr iiss pol i shed
but al so Quteripart an.-th ide r S| :
senicondégﬁzr mafér, mh?ch£n§§j%€q%§% aﬁ%@%ﬁ%ga?%%ﬁhg?§s§§f%ggﬁ; %gdge

bei ng "i mmsedéde it 8°tReLpG| Pkl sy sadirom -whiich anpeilos hhekl et

suspemsi atredaRBl kedwnTheogffe0t, oo thiss s spechlkcal by1ihatndalenial is
renoved not only in the regjon of the edge per se but also in the adjacent
(e9i on off ¥¥e *FrofiE sPHeArBIT kS| d@d carries a polishing pad. Thc

silicon wafer is conventicnally fixed on a flat wafer holder, a
so~called chuck. The edge of the silicon wafer protrudes from
the chuck, so that it is freely accessible for the polishing

15 drum.

These conventional edge polishing methods detrimentally affect
in particular the local geometry in the edge region of the
semiconductor wafer. This is related to the fact that with the
20 relatively "soft edge polishing pads™ used (it is conventional
to use relatively soft polishing pads on which silica sol is
applied), not only the edge itself is polished but alsoc an

outer part on the frontside and/or backside of the

Y
(o

semiconducteor wafer, which may be explained by the hard silicon

25 edge being "immersed® into the pelishing pad on which a
pélishing agent suspension is applied. The effect of this is
specifically that material is removed not only in the regicn of
the edge per se but also in the adjacent region on the
frontside and/or backside.

30
Preferably, the edge polishing of the semiconductor wafer in
the method according to the invention is carried out by fixing
the semiconductor wafer on a centrally rotating chuck, bringing
together the semiconductor wafer and a centrally rotating

35 polishing drum which is inclined relative to the chuck and

carries a pelishing pad containing fixed abrasive, and pressing



30 Preferably, the edge polishing of the sem conductor wafer in the nethod
*‘according to the invention is carried out by fixing the sem conductor wafer

on a cent y uck, bringing together the sem conductor wafer
2OUP RSP (K

-and a centr 5 polishing drumwhich is inclined relative to
the chuck and carries a polishing pad containing fixed abrasive, and
pressing 2009P00080ODE /1(.1 12 together the sem conductor wafer and the
pol i shing drum whi |l e continuously supplying a polishing agent sol ution,
whi ch contains no solids. 5 The polishing agent solution is preferably
wat er or aogEtus Idlautdemisootivther coapatindsd siodi woldarhanateutNa2003) ,

pot assi u . t ._sodi hy,dr oxi de (.Na .pat assi um hydr oxi de
(KO - Ao R o cad ridofy S Y o iRy ar ok he. ¢ TMAH) . or
any m xt w@staimer eof solddfhe proportion of said conpounds in the polishing
agent solution is preferably from0.01 to 10 wt.% The pH of the

polishinqpagent‘soLution is preferably from 10 to 1512.
3 he polishing agent solution is preferably water or aguecus

solutions of the compounds sodium carbonate (Na,C0s3), potassium
carbonate (K:COs3), scdium hydroxide {(NaOH), potassium hydroxide
(KOH), ammonium hydroxide (NH,CH}, tetramethylammonium
hydroxide (TMAH), or any mixtures thereof.

10
The proportion of said compounds in the polishing agent

(:' solution is preferably from 0.01 to 10 wt.%.

The pHE of the polishing agent solution is preferably from 10 to
15 12,

The polishing pad, which is used for the edge polishing and is
fastened on the polishing drum, preferably contains abrasive
substances selected from particles of oxides of the elements

20 cerium, aluminum, silicon or zirconium, or particles of hard
substances such a silicon carbide, boron nitride or diamond. It
is particularly preferable tc use a polishing pad with cerium

oxide abrasive fixed in it, as described for example in
(w UsS 6602117 Bl.

25
The average particle size of the abrasive is preferably 0.1-1
um, particularly preferably 0.1-0.6 pm and more particularly

preferably 0.1-0.25 um.

30 Two-stage edge polishing is preferably carried out, a first
edge polish taking place between the two substeps 0of the double
sided polishing and the second edge polish taking place afier
the end of the entire double sided polishing, which allows the
edge polishing to be tuned more finely by being. split and

35 therefore makes it possible toc affect the waferx édge geometzry

as little as possible, especially as it is known that the edge



The. pol i shing pad, which is used for the edge polishing and is fastened on
“the polishing drum preferably contains - -abrasive substances selected from

particle é@ X} Jﬁ%@hﬁe el ements 20 cerium alum num silicon or
.zircoMtjgé) ﬁgQﬁS@ } hard substances such a silicon carbide, boron
nitride or diamond. It is particularly preferable to use a polishing pad
with cerium oxide abrasive fixed in it, as described for exanple in US

6602117 BlI. 25 The average particle size of the abrasive is preferably
0.1-1 pm particularly preferably 0.1-0.6 pmand nore particularly

pr ef er ablys1Q.535 8285081 1 304dWPa 84 206 LAgmReIHyShinngnks 1 pref esagd y carried
out, a first, edgg Eolish taklng | ace between the two substeps of the
S

doubl e siTfé&d°po PRigSERACPRE SR itE Edge pol i sh taking place after the
end of the entire double sided polishing, which allows the edge polishing

to be tuned nore.fin by being.split. .and .35 theref.ore na it possible
to affec?mfﬁggﬁg%gf ggéesé%%n t%ﬁﬁgéﬂ%ﬁé ésagaﬁgégﬁng?mgggg%ialIy as it
i s knéwn stpatiythe edgeli2B08P00080DE Ysikient3 opokicshienging uabtas degyr ades t he
geonetry in the | ocal edge region of the sem conductor wafer. Preferably,
the second edge polish is carried out while 5 supplying a polishing agent
suspensi Gfec EPRPHF hGR abFf abhe eabrEfe Y5t spoeteanest 1phehabpasieislubst ances

in the pQljeshi BYs @ﬂg%n_swpfﬁéﬁ'&%@_ prefenabky cbrom Qe 256, to 20 wt. % 10
The abrasive subs?ances in the polishing agent suspension are preferably
selected fromone or nore of the groups consisting of oxides of the

el emept s TleUBLRYBI vECELUBL OficSt | irC@he polishing agent suspension are
(:. preferably selected from cone or more of the groups consisting

of oxides of the elements aluminum, cerium or silicon.

Preferably, the polishing agent suspension is colleoidally

15  dispersed silica.

The pH of the polishing agent suspension is preferably from 9
to 11i.5.

20. Preferably, the pH of the polishing agent suspensicn is
adjusted by introducing additives selected from the group
consisting of sodium carbonate (NazCOs3}, potassium carbonate

- " {KC03), sodium hydroxide (NaOH), potassium hydroxide (KOH),
(“' ammonium hydroxide (NH.OH), tetramethylammonium hydrozide

25 {TMAE), or any mixtures of these compounds.

The invention makes it possible to deliberately influence the
outer edge region and to improve the lcocal geometry in the
marginal reglon {lesgs than or egual to 2Z mm EE, in particular

30 less than or egual to 1 mm).

The method furthermore leads to a simplified process sequence.

The entire polishing process is shortened by the stock

polishing and finish polishing processes taking place on one
35 polishing machine. The CMP pdlishing process provided in the

prior art is obviated, which offers cost advantages.



Preferably, the polishing agent suspension is colloidally 15 di spersed
-silica. The pH of the polishing agent suspension is preferably from9 to

11.5. 20 r H of the polishing agent suspension is adjusted
by introdgéﬁégoﬁgk%pp&£g§£elected fromthe group consisting of sodium
carbonate (Na2003), potassi um carbonat €4(K2003), sodi um hydroxi de (NaOH),
pot assi um hydr oxi de (KOH), anmoni um hydr oxi de (NH4COH), tetranet hyl anmoni um
hydr oxi de 25 (TMAH), or any m xtures of these conpounds. The invention
makes it possible to deliberately influence the outer edge region and to

i nprove the |ocal geonetry in the marginal region (less than or equal to 2
mm EE, in_particular 30 | ess than or equal to 1 nm. The nethod furthernore

| eads to %ﬁﬁﬁﬁ i fied process sequence. The entire polishing process is
shortened by the stock polishing and finish polishing processes taking

pl ace on one. 35 palishi chin The C@P al i shin rocess provided in
Pha. pri o ats Bng: APRUL BRTEH: B11RS ELP 150 anEagBe L SBoM9P00080DE | K
14 Exanplmrocess, which produces the majority of the required setpoint
material removal from & silicon wafer in a first step and
carries out the finish polishing of the silicon wafer in a

second step:

10 First, the frontside is polished on the upper FAP polishing
pad.

Simultanecusly, the backside is polished by the CMP polishing
pad.

15
Inversion of the wafer takes place between the first and second

steps.

In the second step, the frontside is finish-polished on the
20 lower CMP polishing pad while the backside is simultaneocusly
finish-polished on the upper FAP polishing pad.

Both steps take place on the same double sided pelishing
(w' machine with plansetary kinematics.
25
The result is a finish-polished wafer with an cptimal edge
geometry, improved nanotopological properties and with a

variable backside roughness.

30 The upper polishing plate is covered with a fixed-abrasive
polishing pad, and the lower polishing plate is covered with a

typical finish polishing pad.

The FAP pelishing pad may be tailored to control the wafer edge

35 gecmetry at its =dge, so that a wafer overhang is obtained.



Conduct of a split free-floating double sided polishing 5 process, which
~produces the majority of the required setpoint material renoval froma

silicon j i tep and carries out the finish polishing of the
-silicon $Z¢QPHQQQ§QL£%Z%istep: I\/IFirsti the frontside is polished on the
upper FAP polishing pad. Sinultaneouslyf t he backside is polished by the
CWP polishing pad. 15 Inversion of the wafer takes place between the first
and second steps. In the second step, the frontside is finish-polished on
the 20 | ower CVP polishing pad while the backside is sinultaneously
finish- pOTméfmfba)l’rd]JledfﬁpeénFAR@ﬁ@bjzsﬂsé Ngeackd Badnsisteep®ibakBnpl ace on

t he sane doub()lﬁ3 |%%glpollsh h%ne mﬂ%h1$ anet klﬂﬁg&tlc 25 The
result is ®17RISH 31 RESH=HA T 6? Tal® 8§ ﬁeo ﬁproved
nanot opol ogi cal propertles and mnth a vari abl e backsi de roughness 30 The
upper pohhﬁgf ng plate is covered with a fixed-abrasive polishing pad, and
the | ower i'shing plate is covered with a typical finish polishing pad.
2009P60080DE / Ki

Polishing the wafer frontside by means of FAP polishing and
simultanecusly polishing the wafer backside by means of CMP

polishing.

10  The first substep begins with the polishing process being
started at the beginning of the polishing with polishing slurry
(i based on colloidal silica sol {for example Levasil® 200 from
Bayer AG) and alkaline pcelishing solution (for example KyCOz +
KCOH} in the conventional way, 1.e. similarly to the
15 conventional polishing process of DSP polishing, in order to

initiate a stock polishing process on the CMP polishing pad.

As the CMP polishing pad {("finishing pad"), it is preferable to
use the SPM 3100 from Rodel Inc.

20
After the polilshing process has bheen started, the exiernally
supplied silica sol is turned off 3o that the two polishing

pads now cnly receive alkaline pelishing solution.

25 In order to optimally configure the material removal on the
soft CMP pad after turning off the external siiica sel, in
particular potassium silicate {(K»5i03) may also be used besides

preferably potassium carbonate (KzCO;) and KOH.

30 Carbonate, hydroxide, silicate compounds, the cations of which
come from the 1°° main group ©f the periodic table (for example

sodium, lithium), mayv alsc be envisaged besides ammonium.

For example, potassium silicate is the potassium salt of
35 silica. The pH of K,SiC; is comparable with the pH of K,CO; for

similar concentrations of azlkzll {pH range: 11 - 12.5).



15 The edge roll-off can thereby be reduced considerably. An inproved | ocal
“geonetry is obtained at the edge of the wafer. Step 1. 5 Polishing the

wafer fro i f FAP polishing and simultaneously polishing the
~waf er bacggﬁggqggﬁ#ggﬁgﬂgﬁ CwP polishinigs.h 10 The first substep begins with
t he polishing process being started at e beginning of the polishing with
polishing slurry based on colloidal silica sol (for exanple LevasilO 200
from Bayer AG and al kaline polishing solution (for exanple K2003 + KOH) in
t he conventional way, i.e. simlarly to the 15 conventional polishing
process of DSP polishing, in order to initiate a stock polishing process on

the CVP pgl i shi d..As th i shi d ("finishi d" it
or of or abl &Y PR T GiRi3 186 T oty RiATel S rck - 4G At € enatpOr FbTHG
process hastdeee'stavitted sitheaexber nalt yisuppldigdesitdd caisokinsat urned of f
S0 Lt thgstin poldcsiae-padsonpi ol dn LSl NE ALKl Lag . ROLLEDL NG,

on the

solution. 25 |In order to optina config the materi-al renova

soft CVP PP af & addmiiAglofiO1he external silica sol, in particular
potassiumsilicate (K25i ) may al so be used besi des preferably potassium
carbonate:gKZCIB) and KOH. 30 Carbonate, hydroxide, silicate conpounds, the
cations Jf- i & PESHeCREEm EREIFh TR $F o i atlhé SpEEREARE - t W (f or

exanp: e S@m'ﬂﬁﬁp_dﬂdtsh!tll:bm:heﬁﬁ;{j@fﬁ@y be> eirwi@agﬁdltta@s;s@%oaﬁm i été&ihaﬁor f
exanpl e, potassiumsilicate is the potassiumsalt of 35 silica,, The pHo
K2Si C3 i§g?5ﬁﬁara%#§ RPﬁﬁSﬁﬁﬁgp?F%ff%Qﬂﬂl?%ﬁﬂ'%5QRH?5rW65ﬁc@n?+ Fons of
al kalio (pHlI,afjenzbk 3902*5for example being used here since it has

— better smoothing properties than other silica sols.

This results in a hydrophilic surface of the semiconductor
wafer, on which no uncontrolled etching takes place so that a

15 smooth surface is achieved.

*Glanzox 3300 is the product name of a polishing agent

suspension which is provided as a concentrate by Fujimi

Incorperated, Japan. The undiluted solution has a pH of 10.5
20 and contains about 9 wt.% of collcidal Si0, with an average

particle size of from 30 to 40 nm.
Intermediate step: "Wafer flipping"

25  Turning over the wafer, inverting the semiconductor wafer
Step 2:
Polishing the backside by means of FAP pelishing and

30  simultaneously polishing the frontside by means of CMP
polishing (finish pelishing) in order to reduce the defect
rate, the FAP-induced microdamage (FAP) and to adjust the

surface roughness of the frontside.

35 The duration of this second substep should be selected so that

on the one hand the desired result is achieved on the frontside



2009P00080DE /Ki 16 By neans of adding little potassiumsilicate, once it
" has been "started" (with silica sol), it is possible to maintain a

chem cal - g?gqj BipeK;pol i shing process without external supply of
=co||oidalggi . qg%%r agggrticular targ material renoval is reached,

whi ch corresponds to the majority (> 50 9% of the setpoint material

renmoval , the polishing runis in turn stopped with a silica 10 sol, d anzox
3900* for exanple being used here since it has better snpothing properties
than other silica sols. This results in a hydrophilic surface of the

sem conduct of iwmefrerrolgishalli shrscahcand rol | Bk ettdhimdanadkes ptageatsolyt hat a

15 snoot hask £ €84S AC gg\%ﬁpgﬁgapgogb?%g%d's the product nane of a

pol i shi ng agent suspensi on IS prov as a concentrate by Fujim
I ncor porated, Japan. The undiluted solution has a pH of 10.5 20 and

contai ns @bost F\ar¥019f ceel boi dah S D% middn.anavenadesparticke size of
from30 tqg 40 nm Internediate step: "Wafer flipping" 25 Turning over the
vaf er iﬁ%%??%%ﬂf {REPEEfTEonduct or wafer Step 2: Polishing the backside by
means of FAP polishing and 30 sinultaneously polishing the frontside by

reans of SRR B0 paly Sl dn orter Lo cetuge Lhe delect
of the frihk giade.shing of the backside, the following procedure is
preferably adopted:
10
Over the plane surface of its backside, the semiconductor wafer
<:. preferably has an average surface roughness R; in a wide range
of from 0.3 to 4.5 nm, expressed in terms of spatial
wavelengths less ﬁham or equal to 250 pm. Suitable for
15 deterxmining the surface roughness is a Chapman Surface Profiler
MP 2000 with a 250 ym filter (spatial wavelengths longer than
250 mm = waviness data, c¢f. Chapman Technical Note-TG-1, Rev-
01-09).

20 If a high backside roughness in the aforementioned range is
desired, then FAP pads with grain sizes of 0.5-1.0 pm will

preferably be used.

<~' If a low backside roughness is desired, then FAP pads with

25 grain sizes of 0.1-0.25 pm will preferably be used.

In order to achieve the desired surface roughness on the
backside, it may be advantageous fo carry out additional single
sided polishes of the backside. This will preferably be done in
30 three steps, each using a polishing pad which contains an
abragive substance bound in the polishing pad and is pressed
with a polishing pressure ontco the backside of thé silicon
wafer, a polishing agent which is free of solids being
- introduced between the polishing pad and the backside of the
35  silicon wafer in the first step, while a polishing agent which

contains abrasive substances is introduced in the second and



2009P00080ODE /Ki 17 (= finish-polished surface) and on the other hand an
-raccurately defined backsi de roughness i s obtained. Here, primarily the

silica so i’S used as an 5 abrasive conponent. In order to
-achi eve t%Q€Ee5|rg§§§§gé§§de roughness g?ring t he FAP polishing of the
~ backside, the follow ng procedure is preferably adopted: 10 Over the plane
surface of its backside, the sem conductor wafer preferably has an average
surface roughness Re in a wide range of from0.3 to 4.5 nm expressed in

terms of spatial wavel engths |less than or equal to 250 um Suitable for 15
det er m ni pigi thes=aps,ace podlighnesspirssauthapietr ISurfsace nPraki FerstP2000

ith 25 [ i al I h . Q = [
Gat a, “of .- ChAbken FEch oSl ROPBeRa L Rev: O l00). 30 114 nF R backs! de

roughness in the aforementioned range is desired, then FAP pads with grain

sizes of fd-Jdo10 N e bg, used. £ ford@ ol0 j
roughness is %s_’elsiér}{amél\,@ taﬁg%l;cllz%l%igg%és{nwf? h 25 fglr"asitn gstie eg%o?logg%%#g?chpem w | |
pr ef erablRADE e P theorddicrd HRhpevEn tHe dedincsd asgrrdéadr baghtess on

thle_ bﬁcksixgmhﬂﬂomxf _agl @@lﬁa_@mg;gl@%@ @@?@w%?@@gtp%%irbbgggge%ﬂgi@d si ded
pol i shes of, the si is will preferably be done in three steps,
each usi H’bataelbo‘iq%ﬁi’n@’lggdtgﬁi BRT tonht BRHE- S0 P adinfe 18ubiBaftel Bdtind i n

the pol i shicwgpsipad ahe pelpeaisedagéetth opoliching PoessYEeaDAS Ocdheain
backsi de Cto

oi ng | RUPBIIRSY BAERoEh PhatpEl FOH A pac HenCt he BUAC A0 GPoPRESHS
silicén waf60s1 n 3dvEl U detdsxége WHBDE) a potzshing ragentxivlei ¢HOEONt ai ns
abrasive SHbSLARCESdr-Sxk AL QIHGRE | 2 B888G0R0ARM: um hyaroxide
(;, {(TMAH} or any mixtures therecf.
It is more particularly preferred to use potassium carbonate.
15
In the second step of polishing the backside of the silicon

wafer, a polishing agent containing abrasive is used. -
The zbrasive substance consists of a material which
20 mechanically removes the substrate material, preferably one or

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

A polishing agent suspension which contains colloidally

{M dispersed silica is particularly preferred.
25
In the third step of‘polishing the backside of the silicon
wafer, a polishing agent containing abrasive is used likewise
as in the second step. Compared with the first and second
steps, the polishing pressure is reduced from 8-15 psi to 0.35~5
0 psi.

Conventional polishing machines are suitable for carrying out
these polishes, for example the polishing machine "nHance 6EGY
from Strasbaugh Inc.

35



2009P00080ODE /Ki 18 third steps, a polishing pressure of 8-15 psi in the
- first and second steps -being reduced to 0.5-5 psi in the third step. The

‘polishin i kn the first step of polishing the backside of the
.silicon 3%@§§?i%ﬁﬁﬁﬁsﬁgﬁﬁéd according to the invention is in the sinplest
case water, preferably deionized water ®DIW, with the purity required for
use in the silicon industry. The polishing agent solution nay however al so
cont ai n conpounds such as sodi um carbonate (Na2003), potassium carbonate
10(1(2003), sodium hydroxi de (NaOH), potassium hydroxide (KOH), ammoni um
hydr oxi der{dNiOH)shitet kaeBt Ayl appR gt diaxige: ( TMaHL ph1asy:ad Xt ures

thereof. It is nmore particularl referred to uyse potasslum carbonate. 15
n the ScRIGHE 200D 6f CHOF BRI Bk He Bh EhBoerr | KB tat or &

pol i shi ngp@ageniseeont aicniipgnabeast vieafsr UBEd.y Hiecalraskyeysubisé ance

consi sts of .a,material, whic ani cal | noves t he substrat

. olishin ead 1s-uh'%0 e sy r& .
naterlalﬁ}pre er'ab y Oné or ‘fore” o ¥ﬁ%mg§i&%fﬂgfcﬁﬁgréFgﬁE%t l%ﬁ{mnum
ceri um orbasid ipdene Ahpohi $hi ngvagenhtwisus periSiagiinki chdtpontad ns rodddle dal |y
diSpersleQEEE%% Eﬁnearhkgu£ﬁéﬂ¥bﬁg9ﬂﬁ{Eﬁﬂch?%he semiconductor wafer

fleats during the peolishing, can be set up through holes in the

base plate in two concentric pressure zones: an inner pressure

zone and an outer pressure zone. The mobile retainer ring can

10 be pressurized by means of a compressed air bladder so as to
prestress the pelishing pad upon contact with the semiconductor

(j wafer, and keep it flat.



In the third step of polishing the backsipde of the silicon wafer, a

pol i shing agent containing abrasive is used |ikew se as in the second step.
Conmpared with the first and second steps, the polishing pressure is reduced
from8-15 psi to 0.5-5 30psi. Conventional polishing machines are suitable
for carrying out these polishes, for exanple the polishing machi ne "nHance
6EG' from Strasbaugh Inc. 2009P00080DE /Ki 19 The polishing nmachine from
Strasbaugh Inc. has a polishing platepish @ polishing pad and a polishing
head, which processes a sem conductor wafer fully automatically. The
polishing head is universally nounted and conprises a fixed 5 base plate
whi ch i sl.covehewetivwd fordhe bagiiie sgiegamiishiagdf a senbicorelucetravaier, compgsingi r

cushi ons, on ' t he m,co ctor wafer floats duri t he polishing, can
be set up thr%%ﬁ%o?e@gﬁﬁ'd%h(gfdg’fsgeg‘fcé}n u?ﬁ?rt‘%ﬂaﬁé%caeﬁ%lij{{eﬁﬁ%é'ﬁm %on_es:
an i nnerpofisisisg Usal Zaihe figsd a@ﬂamﬁ,eandarsaﬁanuzr%ozj@wepoﬁﬁhﬁ\gmbbé@(smﬁ ¥fnee ring
can 10 ben_ﬁressuri zeq by nmeans of a c;gpresse_d air bladder so as to

pr est r eSEMERNGYGIAr ¥¥ATRIGVIAE RAY8NE ARCdREL GRRtAINE kg AT LRI SUBPINETRY 2 and
keep it é:fdli@ﬁin gf\%r{tQ:éHtﬁﬁing ébra@iv@efs}1%rcfcﬁfceﬂh88tq}éﬁﬁlﬁesgigf?gﬂ |dta§2{|'{ég of a

sem con uctc_)rgwa er, conprising . polishing a frontSide o
sem condgetabrs pfixed abragiveiandtthe bagkdige abihegemigwidustorm@ferad with fi xed

abrasive, andydaylLANRUSHY PHe ShBOnA. BBk nke sem conduct of

wafer with a p ng pa contalrns no abrasive, but during which a
pol i shi ng ageint a csawoad nstep rafiskisg vieei isadksideo diidled shaticveenciohevafer msthi #ag pad

. : : ! . '
t hat cont ai ns nodfthxed hr a%«\a/g nd,t he cPack %de of sem co#gl%gidgrof

, t hF
waf er, PO ishihg pad that contains abrasive and simuitaneously polishing the
the semiconductor wafer with a polishing pad that contains no fixed abrasive, a
polishing agent containing abrasive being introduced between the polishing pad that

contains no fixed abrasive and the frontside of the semiconductor wafer.

2. The method as claimed in claim 1, wherein the polishing agent contains
abrasive selected from one or more of the groups consisting of oxides of the elements

aluminum, cerium and silicon.

3. The method as claimed in claim 1, wherein the polishing agent is colioidally

dispersed silica.

4. The method as claimed in claim 2 or 3, wherein the polishing agent contains one
or more additives selected from the group consisting of sodium carbonate (Na,COj3),
potassium carbonate {(K,CO3), sodium hydroxide (NaOH), potassium hydroxide (KOH),
ammonium hydroxide (NH4OH) and tetramethylammonium hydroxide (TMAH).

5. The method as claimed in one of claims 1 to 3, wherein the 'poiishing pad with
fixed abrasive contains particles selected from the group consisting of oxides of the
elements cerium, aluminum, silicon and zirconium or particles selected from the group

of hard substances consisting of silicon carbide, boron nitride and diamond.

8. The method as claimed in claim 5, wherein the polishing pad contains cerium

oxide particies.

7. The method as claimed in one of claims 1 to 3, wherein the polishing pad with



subsequent inversion of the sem conductgs wafer, and then ina
second step polishing the backside of the sem conductor wafer with a
polishing pad that contains fixed abrasive and sinultaneously polishing the
frontside of the sem conductor wafer with a polishing pad that contains no
fixed abrasive, a polishing agent containing abrasive being introduced

bet ween the polishing pad that contains no fixed abrasive and the frontside

of the sBEHCHINIGE B5ntMREHarticids wiAS &8 Igf)gre%%c{qbéﬁ %F‘éﬁhg'i elle Wa?d"{éﬁé ein

t he polishing agent contains abrasive s cte romorne or nore o
‘groups chasiosenwy tofl .(owindes of the el enents al umi num ceriumand silicon.
3. The nethod as clainmed in claim1l, wherein the polishing agent is

colloidakly di i, L6 i s. el ai. I Ly i .3,
wher ei n the palolatied & lefifled ifond BPGREAT 0 35 wRERTRNS bOERLACARE o
t he groupntansinsfikedabfasbediasm pambemnatex.( Na2003), pot assi um car bonat e

(K2CA), sodi um hydroxi de (NaOH), potassi um hydroxi de (KOH), amoni um

2t ol mi g n neanoy pERRARES i bATBERAN PORCUERI I oistirtied o fRea

abr asi vecartaitahosixghabiashvesonsisecofealthernoplabic gf temesnsigbolpgepf oxi des of
the el enments cerium alumnum silicon and zirconiumor particles selected

fromt he, group, of rd substances consistjng,of siljcon carhbide, boro

i or e iha oRaRoranod ¢d SREMIETE SRR chhf i ineh beisiinh S0 aeains vl

pol i shi ngicpasbreenp@yrete@el um oxi de particles. 7. The nethod as clained in
one of clains 1 to 3, wherein the polishing pad wth 21 fixed abrasive

contains, particles with size of greater than or equal to 0.1 pmand |ess
than or 1bﬁual %E%"fﬂﬁp%ﬂ‘f g]agr.‘? Hboq?e?%”@s? B divhageinhe semitordpgiopwatert o 3,
wher ei n ddngpri@ki sHRbAYsiREsh-YenedhiGRNERES dldidel SRR RIASE ¥ gAREmPaREkIYS
matrix. 9. The method as clained in one of clains 1 to 3, “wherein the

pol i shi r}f gier Wi semicondudt®s. no fi xed abrasive consists of a thernoplastic
or thernosetting pol ymer.

12. The method as claimed in one of claims 1 to 3, wherein at least one edge polish
of the semiconductor wafer takes place before the first double sided polishing or after

the second double sided polishing, or between the two double sided polishing steps.

183. The method as claimed in claim 12, wherein two edge polishes are carried out, a
first edge polish between the two double sided polishing steps and a second edge
polish after the second double sided polishing.

14. The method as claimed in claim 13, wherein the two edge polishes are
respectively carried out by fixing the semiconductor wafer on a centrally rotating chuck,
bringing together the semiconductor wafer and a centrally rotating polishing drum which
is inclined relative to the chuck and carries a polishing pad containing fixed abrasive,
and pressing together the semiconductor wafer and the polishing drum while

continuously supplying a polishing agent.

15. The method as claimed in claim 14, wherein a polishing agent which contains no

solids is used during the first edge polish.

16. The method as claimed in claim 14, wherein the second edge polish is carried

out while supplying a polishing agent suspension containing abrasive.



10. The method as clained in claim9, whgrein the polishing pad contains
solid, mcroporous polyurethane. 11. The nethod as clained in one of
claims 1 to 3, wherein the sem conductor wafer conprises silicon,
silicon-germanium silicon dioxide, silicon nitride or gallium arsenide or
other I11-V sem conductors. 12. The method as clainmed in one of clains 1
to 3, wherein at | east one edge polish of the sem conductor wafer takes

pl ace befpre Thendtidt aglobhed i Geslobelbinghtl Howheredf rer pdiRRinggRandsdasd| e

si ded polishing, or between the two double sided polishing steps. 13. The
met hod &% BERCHEHNG ArUET SPREAITS 2R5RTY R SHPS AR eSREe Pod @H’é@ﬁ""gﬁ’és é’g}‘*}ei Haulbut, a
first e i BRI, : ; LS S econd
edge polqllgs )@%‘ét 2{?&’%% sec5%13@@%%@|3Mﬁ3@a§6%§ﬁsﬁﬁngwﬁf%ﬁ él'rﬁgé?rgtaﬁggmzs

cl ai ned pattidémdhtheJrowrhet kdrd subvstanaes edegisingl dfsdilmonagasbidesiperon initttiy agdr ri ed
out by f}%% g the sem conductor wafer on a centrally rotating chuck,
bringinéJ og ?her the sem conductor wafer and a centrally rotating
polishing drumwhich is inclined relative to the chuck and carries a

pol i shi nM@.padToomeihod rg ¢akedi abcasnhve, vemtejpr es savegdeo getiicler sithef the

sem condyct ar mq§$q and the polishing drumwhile continuously supplying a
polishiﬁgwgﬂgﬁF.' 15MThe method as clainmed in claim14, wherein a
pol i shi ng agent which contains no solids is used during the first edge
polish. 16. The method as clainmed in claim 14, wherein the second edge
polish is carried out while supplying a polishing agent suspension
cont ai ni ng abr asi ve.



22 . 17. The nethod as clainmed in one of clains 14, wherein the polishing
" pad fastened on the polishing drum contai ns abfrasive substances sel ected

from part2006PH0ROEWVEYp of oxides of the elenments cerium al um num
silicon and zirconiumor selected fromparticles of the group of hard
substances consisting of silicon carbide, boron nitride and dianond. 18.
The nmethod as clainmed in claim 17, wh;&ein an average particle size of the
abrasive is 0.1-1 pm 2009P00080DE /Ki© 23 Abstract Method for the Double
Si ded Polishing of a Sem conductor Wafer The invention relates to a nethod
for the double sided polishing of a sem conductor wafer, conprising
polishing a frontside of the sem conggt-afer in a first step by using a

pol i shi ng pa j th fixed_abrasive, and simultaneously polishing a backside
of the ser%?e’c"g}?\égucfp’ﬁr LRET BP“%??hSédﬁﬁl Felishi 1 ht RaSewdRPRRHSERD atetsi ve,
‘but during which a polishing agent containing abrasive is introduced

bet ween the polishing pad and the backsi de of the sem conductor wafer,

subsequent inversion of the sem conductor wafer, and then in a second step
pol i shi ngtitshelrthaoksicae reflathe Senkcoadued ofomafrer dwivfll ea spakiishi ng pad t hat

cerm conduetor vater it fob sar ek B8 "BaEe Y Dl B8 P REAS dbr asi v,
pol i shi ngferyeraidsomtfaithiengembrasilvet pei vl ¢ ntimodudéd syesnepniy hes pof isshi ng
pad and the fdenlside of thhe:seq cOPJUCIOr WAf & Ne AFLBULey polishing
' & backside of the semiconducter wafer with a polishing pad that
contains no abrasive, but during which a polishing agent
Lv» containing abrasive is introduced between the polishing pad and
the backside of the semiconductor wafer, subseguent inversion
of the semiconductor wafer, and then in a second step polishing
- the backside of the semiconductor wafer with a polishing pad
that contains fixed abrasive and simultanecusly polishing the
frontside of the semiconductor wafer with a polishing pad that
contains no fixed abrasive, a polishing agent containing
abrasive being introduced between the polishing pad and the

frontside of the semiceonductor wafer.

No Figure.



