2009P00080DE / Ki Method for the Double Sided Polishing of a Sem conduct or
“Wafer The invention relates to a nethod for the double sided polishing of
a sem con ihn particular, the invention is intended for
‘doubl e si %@%} QG@%?PQ ZK silicon wafers in the next technol ogy
generati ons, pr| marily wafers which have a dianmeter of 450 mm At present,
mai nly pol i shed 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 t heyhdr onyetigm rcad@t%mt@oﬁdmetb@dlfmm’tthw dautiizs sfideda | ong tine
been cust Bﬁié(h%izl_; focuys Qmitheqgavakl-ahle.substrate area, or in other words
to conS| how 20 great a number of conponents, i.e. logic chips or nenory
chi ps, > can be accommodat ed on an individual substrate. This is related to
the fact rhapaciadltdml iveiet ¥ nobnt hencosponesiadmnufaciohes’ §: REQCESSI Ny
steps are d. at t ntire substrate, but there are also the |nd| VI dual
steps for®? ?H stlﬁecgﬂ‘bgﬁgﬁﬁsl%?%le %% FRR g “CKe IBBRPBHEN
struct urasxmmysu@g@msewhwm padet @ aﬁimne*mit i HuE0 ehi.psr pndsédhier efore
the prod r _ho [ Qu roc ssm step are d t erm ned
very par tqilq%ur?l}r fp%%ﬁss}’teheogu%gfga eggjl“ o ngT ga% uaences t he
produbt i dﬁl@@ﬁﬁ:teef pér 3@6nponene teed f/texythiO r@m‘mld@maatblllegeapghiqamg s
Lher efor e of i dBRLE LEABAN: gk BPOY | AL rol fakRag) Dgolis, slibstrate
i anet er entalls great and sonetines entirely new hi thert o unknown
t'echni cal %ﬁWﬂﬂ%ﬁn?f 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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- 2009P00080DE /Ki 2 Lastly all the processing steps, whether they are purely
“mechani cal (sawi ng, grinding, |apping), chem cal (etching, cleaning) or
cheni cal - geGEPOG@EODE PRture (polishing) as well as the thermal processes
(epitaxy, annealing), require thorough 5 revision, in part also with
respect to the machi nes and systens (equi pnent) used for them The present

i nvention focuses on the polishing of a sem conductor wafer as the | ast
essential processing step when 10 the wafer is intended for the production
of menory chi or in principle as the penultimte essential processing
step mhichaﬁﬁgﬁeﬁ%% W thpopests ine siaber , Winkidmet ehasafeare insireavended to be

used as ansonsalded gl eo:hani hhe PLogUcy) orbfcgmr&der@tqa hgpr ocessor s.
u

15 In the fabrjcation of seniconduc ers, artic y critical

to achlev%l%a%%ﬁ?|cﬁ%ﬂﬂh%P%ﬁ@édméﬁééngéé%e%ﬁyﬂﬁWP#%maHQ%%S@ﬁnﬁt anW%%%nce of

| ess t hanz or tigguitledn 2 gradkkest r@@ eggﬁyofaﬁrt&mgqr a@dﬁme papesapol ogy.
20 The. nanot pppl ogy, i S C nve ntlongkn% $ressed as t variation PV (=
"peak to VAT, BheEd CoR LSGudr SERT Sertt W%m he3f aY&E®t 2 mm
X 2 mm 2bedhiepterun "nanDtfopokagy’. or "nanot opography” is defined by SEM
(Sem conduct or Equi pnent and Materials International) as nmeaning the

pl anari zation deviation of the entire wafer frontside in the spati al

vavel engt e apipes coft finoren@i2nt §o20sam ¢ ather atoldeirielsatifon | engt h) and

W thin thgenfdded 4 'w%%e%oagr Egu(;ﬂg@ C%é%ﬁaﬁcﬁfo%%isgégg F% vfrna L heThe

propertles sti ulate Int t spe I catl on nust
nanot Ypol oy W%f%&ﬁjrl@c’}eﬁﬁeﬁulfpy ’Slé%lrﬁ"ﬁ%gicttﬁé)f?emﬁ PemAEe fhEDE f aze Wi t h

measur emghtifdi@)ids @f dief E@h@mmﬁa@@ Sk W th Qveldear s nottepe,i0f it he
{Qrface heléﬂgdggﬂgﬁ?ya%gso%pthe 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



35 valley) found in these neasurenent fields is allowed to exceed the
maxi mum val ue required for the entire wafer. The 2009P00080DE /Ki 3

measur er [ i e defined specification-dependently and, for
exanple??%gg?qup%pﬁggﬂgg x 5 mR2 and 10 x 10 mm2. In general, the final
nanot opol ogy of a sem conductor wafer i85 5 generated by a polishing
process. In order to inprove the planarity of a sem conductor wafer

equi pnment and net hods for simultaneously polishing the frontside and

backsi de of the sem conductor wafer have been provided and further
devel opeduedDirSmeral Ifded ldoghbessadeddetd nshi g (SRR tisnddspenbed: 1§ or

exanpl e, .in,US 3691694. According to ar egbodi.nent of bl e .si ded
polishinjﬂ§§' é%%ﬁiggllﬁ 562033ﬁ5 f?néeg?go%dﬁ%t5?“%gg§€%qpnmﬁetal or
plastic "carrier plates” or "tenplates”, which have suitably dinmensioned

recesses,are. jmved eR.a-paLh &?n%‘??;gﬁﬁfg}:_ﬁle% @en{mwhge%@g%mf%
a

paraneters between two rotating p ates covere h a polishing
pad i A t FEEPHESECcOYOR ROPSFNSRY NPT RPPSS | Srraierhécebrpeveshied. The

doubl e sigethRaltyshisng sERRcLAdEONYENSd anal Iée?ﬁ%fnfén%d afHt mdOn¥hs he

pol i shing pad of ho eneous, porous polyner foamw th a hardness of from
B0 to 90 (SHorEnRPUSSY HBLArPbed Fot €9 ROPEPEEE648988T. Chhere, it is
di scl oseddnhiatonidhetpel ivalikpgrped Beherpng ided heduppethpel dsheéngogd.ate is
permeated by a network of channels and the polishing pad adhering to the

| ower 25 polishing plate has a snooth surface w thout such a texture. This
nmeasufe iS-iqatlérdedoohltheidae pahisi:onensiitFe Henogeneobnsddi Soxi bution of

%m(gépfg'vé%?a?‘%éggg%}lcg%hﬁg?%5%?‘%‘%%%%%3Eﬁﬁ%*“@%dﬁﬂg%gﬁéﬁ%ﬁtﬁﬁ{ g pad
en t he sugiser PROipbEnshhAagdptarEres i1 fARd ERleBlpokeshragdhasobeen
conpl et ed;a 0% dauhkeasi ded, poli shing r tihe sam-corduct orpaigfods placed
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
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.
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in a recess of a carrier pl ate so that the backside of the sem conduct or
“waf er restss on the | ower polishing plate. 2009P00080DE /1(1 4 Besi des DSP,

in the priggpgg¥¥ﬁ§%§ﬁ$g CWP polishing is also necessary in order to

el imnat€ ce the surfac& roughness. In CWP, a softer
polishing pad is used than in DSP. Furthernore only one side of the

sem conductor wafer is 5 polished by neans of CWP, nanely the side on which
conponents are subsequently intended to be fabricated. The prior art also
refers to finish polishing. CWP nethods are disclosed, for exanple, in US
2002- 007 70381 red 0IP ,US2@08- 3057221t 180 W2 OH b 541 pAll idRsali besabso

t wo- st ag olishi method with-a first "fixed-abrasi pol i shi ng")

pol i shi ngn‘""g?éeépssal?s‘{] %Lgn é’";%ig@ri SRi ﬁé"rﬁ’é%agmet{&g@oértassiaéledd Fﬁgé%&ei KherSustare
subsequentowwHEyE RS -CNIR. CMEheni eaftaechahi dalnpaadshisngsedpbhashimgiSRep. I n
VP (aS 14 H8Rmd 12 CONLT BRL LOGEAP: PO StG:or iR R J,3BLDO; 45 pad
contains no fixed abrasive substance. re, as in a DSP step, abrasive
subst dnce - H1eE for MeensacsuSPBnsiaris i1 rodisced boiakepompenaity con

waf er and tchenpRldsRinnd yPade-S4eh 8o tvo-Shiage-peld shihagppethogh-4 s;used in
particular to elimnate scratches which the FAP step has | eft behind on the

20 pol i sHEF AT f8c & 10 SPhBO Subltiat MGG Patest CABRLPEaEi on°DE 102 007
035 266 Alzadeser,i besuvsd wetbedofpo3palinshimgisa sugsbsate2of silicon
material, conprising two polishing steps of the FAP type which differ in 25
t hat a polishing agent suspension which contains unbound abrasive substance
as a I$ol i i9¢/i5Arddddedebet een & hewstlistgeate ldsd ihhbempohoghiinh pad i n one

oL e AP Lo B UESEROn LG S b ol seen

solids. B®@iishing 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.



It has been found that the nethods of double sided polishing followed by a
finishing CVWP polish, which are kno inthe prior art, wll not neet
future requirenments for edge geonetrg and nanot opol ogy and are unsuitable
for progesshngeMader sxivh il govRMbSthahed doANRE &lodbRf sitad éiamhipé 4% peed
therefore exists to provide a nethod for the double sided polishing of a
sem consmitaodustaf erfer Hat sebeksaddocsaduices onapf theabovammtiohed preblems.
abovenenti oned problens. According to an aspect of the invention, there is
provi ded a nmethod for the double sided polishing of a sem conductor wafer,
conpri SA&QJchﬁ% kS Bh B&hedt b GBLSIABRfthéBes pRMde@nduehod fwahedotifle didelir st step
by using a polishing pad with fixed abrasive, and_5|nultaneously ol i shi ng
a backspaishiog heaseemisondiréarorvalel eFOMPERNG POISE iy fpasideae! coat ai ns no

abrasive, .but, during whic ol 4 shi.ng agent . contaj nj brasive .

i nt r oduEBHCHEPGRE Y e h F‘lirsghsl er?gb%éi%f ng haag (ﬁ%:stgﬁiga arﬁgw %icl)n%e)% e&g?%b%ag #@e and

t he backsulcohsly poligeni & onduil of thiadetlicondubsegutn tvithnvgilishog pall tidne

sem conductor wafer, and then in a second. step polishing the backside of
the senfawbritiudorbiAgiver bt thriag pehichhp neplisainet REE! coMaRNg *YREUC dbr asi ve
and STl bARCAURL R BRI 08 th WhalS hxd BRI LANHLCIRLiqoRTer Wi th
a polishing pa at contalns 'no Tixed abrasive, a polishing agent

cont ai nthagerakbadicue ek gubsatiad irvedidedfithe gertitenquetdr stufeag aphthet hab
contains no fixed abrasive and t frontside of the sem conductor wafer.
Enbodi niérend SFP peisshing thaelﬁlff%ﬁgﬁﬁﬁﬁmca%é%t%%?w&ﬁ@1 B Rag et ioubl o

si ded pol.i.shi i Wl : I..Sihj ke pl ace
S e R e L e R e

backsi deifer emthsi paishiffzepadethanenhdd wafixobubasieetpolsbmgargentormatabsP st ep
and the subsequent separate CMP.step.. .Enbodinents of t invention,can be
o 11 oD o ak UG DAY FLE POOh ik S b U eRuat Toh RERHg J0F

sem con@uelQfsi e SsentiOnR¥@RIRlron a comercial ly avail abl e doubl e si ded

pol i shing machi ne of the AC2000 type from Peter Wlters, Rendsburg
(CGermany). This polishing machine is equipped with pin interlocking of the

out er d.inner, wheels.in ord to drive the.carrier. plates. .The. equi pnent
may e BORPPRERSIor S BB ave Bl B opupdh SrElPfantowls

pl ur al i $3tisBfngGRbEISS! inkthat BAP ipdlipies ahd €MP golishigs iigheice dimaliglbputly such as
t he one described for example in 2009P00080DE /Ki. 6 DE-100 07 390 Al in
whi ch t fist enrthe Epnigidsthasksidn endothen op| tha bedsidedentsidt die nememeBddanof t he
equi pnent. . i t i I.shi te and an upper
po|ishiﬂa“%ggﬁéggﬁﬁﬁgﬁgg?%pggééﬁ§ﬁF§?%$§ﬁ%%g ‘#%?gﬁg%‘%g and are covered
with a polishing pad. During the polishing, the sem conductor wafers lie in
the recesses of the carrier plates and between the two polishing plates,

whi ch rBRAPEMEAE SBEINENHAR PR GF ATTISE| 9 PN PRESou e Bh [refmdRhbIFe a
poli shi pg.p ?g%heifrl gﬁ?&%%ﬂéﬁoy witPR! S dexaliifle G b &:meﬂ!n%bﬂz Q@S0 set

in notion, via rotating pin rings which engagé in teeth on

t he ci r gaublerdnd eolithinhensding ef thpl ACE800 Ayiiey fomaPetea W élaars, pRatdsbwrgnpri ses
recesses to hald three sem conductor wafers. On the circunference of the

, I ecessg&rmany;.

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



15 there are inl ays which are intended to protect the fragile edges of the
<*sem conductor wafers, including in particular fromnetals being rel eased -

fromthe i y. The carrier plate body may for exanple consi st
of netal ﬁ@@?ﬁi@@i?ﬁg fiber-reinforced plastic, or nmetal which is
coated with 20 "di anond-1i ke carbon" (DEC layer). Steels are however
preferred, stainless chrone steel being particularly preferred. The

recesses are preferably configured to hold an odd number of sem conduct or
wafers with a dianeter of at |east 200 mm preferably 300 mm nore

particul apky1ps ef erafy vi1450 miandiRe tdveknesses.of frampa0g to 1000 pm
The poli sh%%rg%a ent used cont ai ns abrasive. The si ze d| stribution of

t he abras? ‘clr8g Fense” p?%f“éh‘%tﬂ%%d ABRORBARPTSAT The
aver age pﬁdﬁzﬁpﬁ:&lﬁsswzadmﬁsxf lp@mléhmg 3@9&@éﬂamﬁréﬂ Gifpaid pomﬁgﬁeﬁ@bibyatfé om 5
to 50 nm 09300(180%\}/ R agg br asi %Slglr stance consi stsd &, mat erial
whi ch mec‘ﬁancf a1y “révoved ttﬁE % Pt & et et aaln Bré&f EPEBF S oRE-br® rmor e
of the oxp@bssm&gt pedel énenhg ahanpmlighioer,) urherssxiilcoadnctdhewgpfaporti on -
of the ab [ b o) te p ' [ r erably
fromO. ZSIJt'aE§ %bt%lé @%%%grgtel cu% J);/) %)% eIPier atﬁlgae%r l{%l %%%8&1 éhgﬁj

i s parti cee-erinEngr @fléﬁiﬁﬁlrewbéchséo*éaﬁ@ oifljthGI%ﬁﬂiﬁ speegadctdasipobshana he

pol i shi ng, agent,SYsPeRekOHn: Fer r@ér@m% MQQU%OﬂehhﬁQﬁggyagents
Levasil (r) 200 from Bayer AG and anzox 3900(r

fromFujim
enpl oyed. SUBP sl - pEPiesmaﬁgléﬁeﬁ%api!%f@f%m%ﬁ%@rﬁ%mﬁsmﬁaapﬁr v}é%eg@a%ﬂafs
sodi um caxrim&a{t@t(lng%) ripgtagsl ¢in Gafpnate 462003, taedi um hydr oxi de

e AR . g i o 2 (VoY

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.



20 The polishing agent suspension may however contain one or nore further
“addi tives, for exanple surface-active additives such as wetting agents and

surfacta 9pgqg } cting as protective colloids, preservatives,
nggpcoho s#%@? e

-bi oci des, sequestrants. 25.In a method according to the

i nvention, a polishing pad is used whi ch contains abrasive substance bound
in the polishing pad (FAP or FA pad). 30 Suitabl e abrasive substances
conprise for exanple particles of oxides of the elenments cerium al um num
silicon or zirconiumand particles of hard substances such as silicon
car bi de, Do orbmrstiviede viisd adicanoods 1 s20CHPEG00G3EE /2K w8ich" post s") have,

for exa : f I S\ cyl.l i_gal _or n Cl.0Ss
secti on%g%khéeﬂgtﬁ?ggp%fe ghf));{/r(réa%m!ﬂ S %%%%%nel é‘errég‘i ag"rhs P ggf%g‘%%gge%lé? Ied
descri pt is?ee off $deh opdlkeshpAgtpade’ emantcontiaimied. f opréxanpt esiiicond
92/ 13680 Al and US 2005/ 227590 Al . It is nore particularly preferred to
use a polishing pad with 10 cerjium oxide abrasive fixed in it, as described
for eXanpl® i BSTE6O2127 132, aPrIhEvyrSains tiness 16f thReP AP YIS SHIFG pads
used (sizaugferddionf kxedrabeasbye/ padit icleskare preker pblyigraatigy than or
equal 15 to:p.l Rn1%nd Igsg than, or_equal to 1.0 m

preferably from 0.25 to 1 wt.%.

It is particularly preferable to use colloidally 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



A particle size of 0.1-0.6 pmis particularly preferred. A particle size of
"0.1-0.25 pmis nore particularly preferred. 20 One polishing plate is

equi pped :pad. The second polishing plate carries a
-conventio%g$ﬂ%§gyg%?pggﬁﬁg pad. 25 The QWP polishing pads used are
polishing pads with a porous matrix. The polishing pad preferably consists
of a thernoplastic or 30 thernosetting polyner. A nultiplicity of
substances may be envi saged for the nmaterial, for exanple pol yurethane,

pol ycar bonat e, pol yam de, polyacryl ate, polyester etc. The pol i shing
pad preferfabbytebntiaves sold dxamipdregpahoush8be pof yow Birremeri thi2@09P00080DE

IKi 9 It Ls,alsp pref S l.i Shi.hg e f s or
felt or f%%e? SLﬁé%#éf£§?h§ﬁ%%ﬁﬁa?§8%ﬁp§ggﬂﬁ?gggaﬁ?@Qﬁ%ﬁ%ﬁ%gghﬁgrgkgag
Coat ed/ i nP¥ egred®ir polusshingg pads may al so be configured so that there are
a different pore distribution and different pore sizes in the substrate

than in the coating. The polishing pads may be substantially flat, or
perfor%le%?re 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.



10 .In order to control the porosity of the polishing pad, fillers may be
“introduced into the polishing pad. Cormercially avail abl e polishing pads

are, for .3100 from Rodel Inc. or the pads of the DCP
.series an269%@%§§33ﬁ§¥§ | C10007", Pol ytex' mor StJBATM brands from Rohm

& Hass. The semi conductor wafer is préferably a wafer of silicon,
silicon-germanium silicon dioxide, silicon nitride or gallium 20 arsenide
and other so-called Il1-V sem conductors. The use of silicon in

nonocrystalline formis preferred, for exanple crystallized by a

Czochr al skt 0§ 10AtiNEFZ0RAPEECESS. p3DShhi P pMd i 130)cabhdd0) or
(111) crysial orhp tion is_particularl% preterred. The starting product
of the ciR&retf it Hod 5 §¥a*mifti FRPEFEFToF seM CoridifctiSPrRaraFgwii €h, in

t he knowpabymedrave been cut 30 froma crystal, have had their edges
rounded and optionally have been subjected to further process steps. The
sem conduct or wafers may have a | apped, ground, etched, polished,

epi t 2 al T95 tewhtiewregnether wodésbbay edadu s s 186 bAs crerdtigoned above, when

carrying j,Sshi CEoLALn o} I it | n d L de
polishindgﬁgéﬁ?%%% Fg% gxé%%?%“g%%O%%%%d%%%ﬁ?%qggﬁ§% g%dt%ggk§¥§%gdgF§%e
from Pet #1345 tiér e RERESBAEG, thae L1nghe tatddof-i ni sh pol i shing (CW?)
which is obligatory in the prior art can be obviated since both the
pol i shing which determ nes the geonetry and that which determnes the

sur f ace %UE?Wp}lépéngaPﬁﬁédmﬁﬁtb?u???ﬁ%ﬁPQﬁﬁ§1&y§@a5ﬁ RECRPRECT2T% A t he pri or
art, the stock and finish polishing (DSP and CVM?) have been carried out
separatel.,y from one anothe d on different polishi machi_nes,_  Only the
(ront of AT "CRE 16 CEREONART oo T (s BReRoRoFTeREdEDY neaHE ST VP

i'm the.pmiayr bartintroduced 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



In oerder to achieve an optinmal wafer geonetry, here above all the edge
geonetry (edge roll-off elimnation), simultaneous 15 doubl e sided

pol i shi ng~w ok Y ki nemati cs and the conbi ned used of fixed-abrasive
and CwP pgﬁggm‘gﬁgg@é er advantages since the fixed-abrasive polishing
process nmakes it possible to obviate a 6%nponent containing silica sol in
order to obtain the necessary polishing renoval, owing to the hard 20 pad
optionally configurable with an overhang, and it also allows the edge
regi on of the sem conductor wafer to be deliberately influenced.
FyrtPernbbe,tm@e%§mébq%?%fﬁg FgomgyeﬁgadeYtgfsiﬂtg@ﬂfﬁﬁﬁ%érntyFeSQQg%gppe of
si mul t aneou opbl e _.si . pal.ishi one of the, polishing plates being
equi pped afﬁﬁgaf%ﬁ#FQKﬁ? gpQ&&%&nXRhFEthh%b QBp Fakde prace.  The
doubl e sided ot ilshicigriadear diinget bothethaveal i o dakes 30 pltacainBst wo

pol i shin b teh th fer is turned over. The fact that

t he enti?E§%o$%éﬁ?%ﬁpg%%gggg%?gﬁggﬁr?% Fiteh The e s qﬁgﬁﬁgﬁiﬁﬁe
machi ne | eadsied artconsilderablae3sypenpfitécation of the entire process
sequence and to a saving on space requirenents. 2009P00080DE /Ki 11 Edge
polishing_may be carried out before the double sided polishing according to
t he i nvent? ome Botivide®the thfo SpeFkshrAgl subsk apsl igthinge (@SFbradsiYaY

pol i shi nghove eyvgdh afd-ariddhevs cepplbetel doshhe sided 30ld:shipgqrnFor this,
t he edge centrally notatlng?5|llcon wafer is pressed with a particul ar

f :
force (aﬁ%%?ﬁ%ﬁ??ﬁ1ﬁﬂ%&ﬁﬁ&P@)mﬁﬁ Rt - Orbnt el 13 Fdsdcieng SpéPeshi ng drum
Such #n esigel poldisiionyg wEFerehhedbésn kpoOMsHsOM USEA2389,,185p A whéch the
polishin £géun§§psists of an alum num alloy and carries a polishing pad
Tge silicon Wafer is conventionally fixed on a flat wafer holder, a
so-cal l ed chuck. The edge of the silicon wafer protrudes fromthe chuck, so

that it is, foeely accessihle for the, palishy Whometry, here above all

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.



15 drum These conventional edge polishing nethods detrinentally affect in
~particular the |ocal geonetry in the edge region of the sem conductor -

waf er. Thi§ kS A, to.the fact that with the 20 relatively "soft edge
polishingigggéodﬂgﬁiﬁ% s conventional to use relatively soft polishing
pads on which silica sol is applied), ndt only the edge itself is polished
but also an outer part on the frontside and/or backside of the

sem conduct or wafer, which nay be explained by the hard silicon 25 edge
being "imersed” into the polishing pad on which a polishing agent
suspension is applied. The effect of this is specifically that material is
renoved not only in the region of the edge per se but also in the adjacent
regi on orFd%fe HYdtidigeNandPrer chatiad dit Jo st éhgbPyrbifesedd® pol i shing
of the seddignduet eccwabiehgl Aot Nige MBtNeM :26C0NEHRNG h0 thBer L BVENL i O S
carried ou Q% fixing thg seficqqggﬁtoriﬁﬁqer on a centrally rotating
chuck, twﬁﬁﬁﬁ 55t 8§ethEr APHRLS et CEhRCHT i & &HG a2EeRtriity rotating
35 polsi shiamglchtemdnhibth ssdedchbéniethine).ati ve to the chuck and carries a
pol i shing pad containing fixed abrasive, and pressing 2009P00080DE /1(.1

12 together the sem conductor wafer and the polishing drumwhile
cont i nuousiy tddgpl yhrgedygpodt shigapagenty seitattiioy, swhiichncenfal nss no

ol Ut ond”of R danpauReS: S6d i carboriare raze0d P Rerasdl i onat e
(K2003), 3&@niFehydr RFdelimarH)isiyorassivom FyeghorndedgKopyligdmmsni um
hydr oxi denclMNadOhls, khel.haRBbAYS&MMIHUMOS, in which the polishing drum
consists of an aluminum alloy and carries a polishing pad. The
(; silicon wafer is conventionally 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



hydroxi de (TMAH), or any m xtures thereof. 10 The proportion of said
*“conmpounds in the polishing agent solution is preferably fromO0.01 to 10

Wt . % P@jp ﬁg | i shing agent solution is preferably from10 to
-1512. Thezggﬁ S |0ngg{}pad,/g\%hi ch is used f.or the edge polishing and is

fastened on the polishing drum preferably contains abrasive substances
sel ected fromparticles of oxides of the elenents 20 cerium al um num
silicon or zirconium or particles of hard substances such a silicon
carbide, boron nitride or dianond. It is particularly preferable to use a
pol i shi ngtpastheirt theerdanmcooxiddetabrasfee drikethd pditishasigdesani dedid or

exanpl e i 7 Bl h rage particle size of the abrasive is
preferabI€Q%&fl-q%c&gs%rLlJy F’)E»%p ilggf%r %yg%%ea%’rn Iafedl%l-s(?iélzcﬁr%nan‘c‘i Jr‘r%fr%le

parti cul agdntapref exoalsiofi@s1-0. 25 pm 30 Two-stage edge polishing is
preferably carried out, a first edge polish taking place between the two
substeps of the doubl e sided polishing and the second edge polish taking

pl ace “af t i€ tive iehd "6f agretefrlreldoubt emATad ol WehielgCTwadescdt | ows t he
edge pol isdlidid dn@ ke tuBedoiBbEnds Nebyi Yy ReiG3R! i tadng,)35bhgLef@re
makes it possible to ﬁffect t he wgfer edge eonetry as little as possible,
especi al | ROPES dEXrhdwn (WA FheYaags: %O§Mfﬂmma%luT3h§8FP§h¢%g
usual |y degmdesaxibeigeohptityxidet e joacal sedgameegy vantdn e Sem conduct or

vafer. Pref&aRly (bhigx5ec9nd.89d8; poliah 43,5811 ed out while

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



5 supplying a polishing agent suspension containing abrasive. The
" proportion of the abrasive substances-in the polishing .agent suspension is

pr ef er abl @%ﬁ@bg ﬁ % 10 The abrasive substances in the
.polishin (5 § i%ﬁgqgh are preferably selected fromone or nore of the
groups consisting of oxides of the el emfénts alunminum ceriumor silicon.
Preferably, the polishing agent suspension is colloidally 15 dispersed

silica. The pH of the polishing agent suspension is preferably from9 to
11.5. 20 Preferably, the pH of the polishing agent suspension is adjusted

by introduciing;addibi¥esysebesisss fiamdimegroupncensi sbtay &gsodi um
carbonate (Na20 ot assi um car bonat e (Kzoégu sodi um hydr oxi de ( NaOH)

03)
potaSS|uﬁFWV@Po?FdEhgKEFchgﬂﬂ¥ﬁﬁ?ﬁnW?fﬁFbx|de (NHAOH) , tetramet hyl amoni um
hydr oxi de 25 (TMAH), or any m xtures of these conpounds. The invention

makes it p el i bera eI |nflue ce the oguter ed region and to

i nprove tﬁg 658%?Y Bﬁ% ec?nét Fﬁﬁﬁa “Fe F%ﬁl eggtt%ﬁﬁﬁgr equal to 2
mm EES |mq@@ﬂwuoglarpamlbbssgt&gﬂnﬂnsuammmsipo monnﬁlnihe aptdodrd.urt her nor e
| eads to a sinplified process sequence. The entire polishing process is.
shortened by the stock polishing and finish polishing processes taking

pl ace on Tder35rporichi ag§ Fee hilived s Mee sChPEparEShithgtpe oeebsS!pivli ded in

the prior,@hk b8s9bNEabR; s Woi&he0fif18r $16RSh . 2dvant ages: . s 2009PO008ODE / Ki

10 The abrasive substances in the pclishing 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.



14 Exanpl e Conduct of a split free-floating double sided polishing 5
- process, which produces the nmajority of the required setpoint materi al

renoval f id fer in a first step and carries out the finish
pol i shi ngéggb?ﬁ)@ldsg(ﬁﬁgo fer in a second step: MFirst, the frontside is
pol i shed on the upper FAP polishing pad?# Sinultaneously, the backside is
polished by the CW 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

si mul t aneousl y finish-polished on the upper FAP polishing pad. Both steps
take place on _the sane doubl e sided polishing machine with planetary

ki nemat i C&*®®5-SThe result is a finish-polished wafer with an optimal edge
geonetry, inproved nanotopol ogical properties and with a vari abl e backsi de

roughness %gi he _upper li.shin | ate i qvere%@ ith.a fixed-abrasive
bol Pohi ng- BETtand BhePrbaerFoT TS o bIGrE IS “Caver B AFERS. & ypi cal
fini sh paoisidssg padch produces the majority of the reguired 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.



2009P00080ODE /Ki 15 The edge roll-off can thereby be reduced considerably.
~An i nproved | ocal geonetry is obtained at the edge of the wafer. Step 1. 5

Pol i shin i de by neans of FAP polishing and sinul taneously
-polishingzﬁﬂggﬁgqgotggﬂgide by neans of, CMP polishing. 10 The first

substep begins with the polishing procesSs being started at the begi nning of
the polishing with polishing slurry based on colloidal silica sol (for
exanpl e Levasil 0 200 from Bayer AG and al kal i ne polishing solution (for
exanpl e K2003 + KOH) in the conventional way, i.e. simlarly to the 15
conventi oried §id NG gFroeass bk rOSP }p@lﬁréchid‘lcgi cidm;mée’rabug inhtiate a
st ock pollshln rocess an t he. CMWP O|IShI As. t he pol Lshi ng pad
("fini shifiy pa ﬁf §68P8F£¥abFeg?%Fﬂ% gﬁpq%ﬁiw%ﬁﬁﬁoorr5ﬁm 3@% “1nc. 20
After the pollshlng process has been started, the externally supplied
silica sal % turned off so that the two pollshlng pads now only receive

0

al kaline p |ng solution. 25 In order to optimally configure the
mat er ival reanaI on the soft CWP pad after turning off the external silica

sol, in partigulRr dpet gsskumesihicate kﬁy*(%@ag%) J@m@ %%l@%hgﬁﬁdaxl?@s' des
preferably potaSS|un1carbonate (K2C3) Car bonat e, " hydr oxi de,

silicate %%ﬁﬁ%ﬁﬂﬂﬁ?“stHepéé%?8h§go?b%WW%ﬁﬁfxﬁﬁ?Wﬁ%ﬂ% e MEANFRPR GFBup of the
peri odi ¢ galhitfqr exanple sodium lithium, nmay al so be envisaged besides
ammoni um For exanple, potassiumsilicate is the potassiumsalt of 35
silica. The pH of K2SiG3 is conparable with the pH of K2CO3 for simlar
conceunt r @tHeorts reft alhkalkep(péhiangelitillihe Eh1S)shing 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).



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

chem cal - pol i shing process wthout external supply of

.col | oi dal 2@9%?06@%@%?%&“ cular tar gFt material renoval is reached,

whi ch corresponds to the majority (> 50 /() of the setpoint materi al

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

sem conductor wafer, on whi ch no uncontrol |l ed etching takes place so that a
15 snoot

rf *g 3900 1 duct, f
pol i shi ngﬁ%geenarggulsif)e%gﬁ:)ev FERCi ggé‘g%?/}r%as]e%sl ahcgdﬁ%’%ﬁt%(r:éfcgggg fg—%?r?m
| ncor por at &tk r Fapan.wiTie siddickused) sol utiorpdwasita pHcofnai@rsigOaand
contai ns ahouit- g \Mec%]aol %9' Egbgﬁl %ﬁfﬁa}’ﬂi %ﬁ%bp%ve%Qggﬂ,?r LLele, s ze of

from30 to 40 nm _Interned ate st urning over the
waf er 3 | nif8RIhP T feldenteéndibétor wafer Step 2: Polishing the backside by
means of FAP pol i shing and 30 sinultaneously polishing the frontside by
means of oI i shi n H’I(lfl ni sh pol i shi ng) in order to reduce the defect
rate, th(-,A - iPnd@GEEd TR e 0HARRYe TFAP) I End B VAd] tst “ERENSHr e R oughness

of the fran:Sisgends to the majority (> 50 %) of the setpoint material
removal, the polishing run is in turn stopped with a silica
10 sol, Glanzox 3900% for 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



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

silica so 0@9@1}(}0@@%@ s used as an 5 abrasive conponent. In order to
-achi eve the desired ac@de roughness during the FAP polishing of the

backsi de, 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 |l ess than or equal to 250 um Suitable for 15
det er mi ni frg fhelsurfcdéshegughnésse saad CGhrapnen Slrdradentr efi kecudt 000

wth a 250-.pmdi lden spatialrwayvel engt 1‘8&9‘” than 250 um = wavi ness
data, cf. eChapman Teésﬁ?li:%calo klot e- TG 1, %%{/i- 1-'09). 20 If a high backside

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

sizes of fefel.Lbpmrwnk] cpeekerablysbe ats8thox 3500 ksapkew backsi de _
roughness is desired, then FAP pads with 25 grain sizes of 0.1-0.25 pmw ||

pr ef erabl 3P e FOMPR6Rer to achieve the desired surface roughness on
t he backside, it nmay be advantageous to carry out additional single sided

polishes of the backside. This wl|, preferably be dope in 30 three steps,
each usi njgn aorpc%ri gﬁi ARG Eiggemklg%hd%%ﬁ’f%fﬁ?%% aSYan§tbst ante? din
t he pol i Sfhhgqadhand b$S phessadkaidd), alpolfighiongnpr essueguoatos t he

backsi de ,of itlzj]% i) i fer, a polishing agent which is free of solids
being int ro ucggybgta\%gg%@f he polishing pad and the backside of the 35

silicln wafer in the first step, while a polishing agent which contains

abrasi ve gxdist:aRcgsahs b0bEQAUCEd 1k thRsecRNd +88d 5 2009R00080DE, (4,

<:. 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



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 polishing agent

sol ution of polishing the backside of the silicon wafer
-in the ?Qogqq%cordtﬁgygg the invention is in the sinplest case water,
~preferably deionized water (DIW, wth e purity required for use in the
silicon industry. The polishing agent solution nmay however also contain
conpounds such as sodi um car bonate (Na2003), potassium carbonate

10(1(2003), sodium hydroxi de (NaOH), potassium hydroxide (KOH), ammoni um
hydr oxi detléi\tﬂaﬁapst,etar @Btishiagnpne sewiy drDXi s (CEMAHR aheafiyrat xéut es

t her eof rt.icular referr t.0. us tassi.um car pbonate. 15
In the secorf5 ste % n% ﬁ%ﬁgg?ﬁeg%a%f§%5 S%'ﬁhggélﬁﬁéoﬁ]mg?%r
pO|IShIng agent contalnlng abrasive is used. The abrasive substance

consi st s e M- Makeh<20.EPchan cald Ve raDuaS Be SURSLAALE cne

mat eri al , prefera uy oné or nore of the oxi m num

ceri um orP3F5iEm ° tﬁ&lﬁéﬁﬂﬁ@na@%ﬁ?zsUEdéﬁ%ﬁ%ﬁﬁ%ﬁi@ﬁcééﬁ#59n§oc%¢¢0|dalIy
di spersedisidritGad Sspant iedl anky1 psef efsLedady | pidre LB ;d st 6R: g

polishing the b i de e siljcon wafer, a pollshlng agent_ cont ai ni ng
abr asi veq’fas @ﬁ{%ke\ﬁlgg %g S| RUF hiY sERBHE G dPF ESfipdPell %l?h L3Fn first

and seconduﬂd&ﬂry tthe polishing @@@ﬁﬁLﬁdﬁdﬁi&kﬁdﬁ@e@ohéﬂﬁk8&150p§¢nﬁald3 5-5
30psi . onal lighing. machi nes hg% r carryln out. t hese
pol i shes, $§Q£g§§hﬁﬁg%tﬁ5 5T &Hi fig” |nea&? ce Sﬁ?@n1§??3§%ﬁ%gh
| nc. 10 {KsCO3) , sodium hydroxide (NaOH), potassium hydroxide (KOH),

N ammonium hydroxide (NH4OH), tetramethylammeonium hydroxide
(;, {(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



2009P00080DE /Ki 19 The polishing machine from Strasbaugh Inc. has a
- polishing plate with a-polishing pad and a polishing head, which processes

‘a senicoq? S%Er %ggﬁékgﬂgLy automatically. The polishing head is

-uni ver sal @ &%% 6nprises a fixed 5 base plate which is covered
with a "backing pad", and a mobile retai’ner ring. Air cushions, on which
the sem conductor wafer floats during the polishing, 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 nobile retainer ring can 10 be

pressuri zedk s MRS Ohadht AEPF £65 ech 2 b AOdRI- .SQaS at PoPL E81KESS the
pollshln%§$ad %pon contact with the sem conductor wafer, and keep it flat.

20 [ C ai ms)2%eL YiIAPEt R4 1 FBr e Aot & SYed P9 SRrfg BRLIE% sem conduct or
waf er, comurdesisRg z semicpabiusbongwatdr ahilsivdeabrdikecsgni,congkict or waf er
in a firsgﬂggﬁgnbyhgshngsaugggishi %gd\@éé1fi ed _abrasive, fnd

simul tan ou§1y pgilsﬁlng a"backs? I HE e oﬁﬁﬁgfé?eﬁa?e$ ¥¥th a

pol i shi ngeazad ctlkae woathi hs novalrd@siie bdtvadiringgpeli' chaad polanshilrg agent
contal i nGaNkas! veabs kit odleed betyean (i he al Lehi Bgnpad- 4haf, £ont al ns
no fixed abrasive and the backside of the sem conduct or waf er, Su sequent

i nver si orf lofateheugérbcbheur® brsiwei®er Cande ket vp thropghghekeond: dihep

pol i shi ng,dhe hackskderpb Lhe-sem ORI MaLEEW ER anpot iishifg,Rad that
contains fixed abrasive and sinultaneously polishing the frontside of the
seni cond "X Gr aR&Ef EF Rﬁtﬁrapﬁ%??%ﬁﬁrﬁjﬁﬁhdIgﬁhﬁmééﬁ?aFﬁEahﬁe¥i&@H5éﬁ¥hsive, a

pol i shi npeagerksaentabinbRgmakrass v e heimg dsitoduges ] hetyeess the qol i shing

pad that contains np fixed abrasive and the frontside of the senjcaonductor
for ™ FRRARRE RBe R ATMERIS B b camporaa Fhe BOTISHIH Hoont
nt ai ns walicasi wadsekept £d fIam one or nore of the groups consisting of
oxi des of the elenents alum num ceriumand silicon. 3. The nethod as

claimed in claim1, wherein the polishing agent is colloidally dispersed
silica.



4. The nmethod as clained in claim2 or 3g wherein the polishing agent
contains one or nore additives selected fromthe group consisting of sodium
carbonat e (Na2003), potassium carbonate (K2CO3), sodi um hydroxi de (NaOH),
pot assi um hydr oxi de (KOH), ammoni um hydr oxi de (NH4OH) and

t et ramet hyl ammoni um hydroxide (TMAH). 5. The nethod as cl ainmed in one of
clains 1 to 3, wherein the polishing pad with fixed abrasive contains
particles selected fromthe group cqpgig{sing of oxides of the elenents
cerium alumnum silicon and zirconiumor particles selected fromthe
group of hard substances consisting of silicon carbide, boron nitride and

di anond.1. 6. Ameethed vdhagoghiaisited patisbingiohassemibanrcrictorweden cbimphising pad

cont ai ns ceri i_d 1Cl 7. The net hod as.cl ai.med in ,one of clains
1o s wher (g PR St Spoieho By JerBRuf AtY o & ehe &

part : cl gwliviibd @ngangie@ra@ﬁé?e’tw s{ﬂﬁul@h@id \ ustyopﬁiéshir}y’fhaﬂéilis;ﬂﬁg hﬁ or
equal to 1.0 : e nmethod as clajnmed in one of clains 1 to 3, erein
the pol is§m‘?@P°{;‘]§t§’_r\)0|‘ﬂf%rhW%ﬁtp£ HAINA Pagdi thakcANriasinpeaHag Ve HEbsI M . 0.
The met hptlsigfg CAGHATEEhrtAnRRe aBfaskkeidntlodiRed. bUMRERI fhet gei_ssma% Hildhthapad

whi ch contains no fixed abrasive consists of a thernoplastic o

t her nos&rniaig pofiyerkabrasive antiibe heckwide abthelssimieandustos veifen, 9, wherein the

pol i shing pa | id, .mc t 11. The method as
clainmed in ogselfb%fg Eg%ﬁ;‘ﬁfr‘r‘zeq%bﬂé’@e %ﬁ?ﬂ@éﬁ%ﬁ@&é@?ﬁ%@ﬁﬁ%&t or wafer conprises
silicon, siliiooa-geondnstempdishing ohedbaokisdie, obithé cemidundutde vafegalithi am

arseni de Q m._conduct or s. ned, i n_one

r..other, J1l-V. se 12. The t hod .as cl aj )
of “cl ai METSNIFE P30 thaleQ)tRRE PR A sireant SEERERIRY posting the komtside of
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



of the sem conductor wafer takes place bgfore the first double sided
polishing or after the second doubl e sided polishing, or between the two
doubl e sided polishing steps. 13. The nethod as clainmed in claim12,
wherein two edge polishes are carried out, a first edge polish between the
two doubl e sided polishing steps and a second edge polish after the second
doubl e sided polishing. 14. The nmethod as claimed in claim13, wherein the

two edgenpal drh&se %ﬁa{a@%@méy@ﬁm L85& beEGrededr Adn fohéhﬂgi L1 SR @1 b dr&@gct or

wafer on a centrally rotating chuck, bringing toget the se
waf er arftiaa ocenvalde M0 pot ati ng pol i shi ng drumwhich is inclined relative to
the chuck and carries a polishing pad containing fixed abrasive, and

pressi ngg t ogethgy éﬂl{lg‘d S gﬁ@&l%gﬁé o‘l’\’@lgﬁ'ﬁs ??g at %epé?lh tﬁ@h&%hﬂ{ B msfallcﬁ

contlnuously supp ying a polishing agen
cl ai m 14conkdies eo fixed plotaisbieihag aapemuswhtdh contains no solids is used during
the first edge polish. 16. The nethod as clainmed in claim 14, wherein the

second gep I i Le. L wi ng a.palishing agent,.
suspenS| on coﬁbgﬂrﬁtpﬁgd % r {é“érﬁg%wg‘%%m lii%n%lj'ﬁgo éef'vﬁgﬁe"ggh%i)gﬁl?g@ W‘Hﬁ‘ghof

cl ai ms Igbntatheneifired hbragivei conisizgs pldliHcasbpiaett onhiehsogaling pbIpGedr um

cont ai ns abrasive substances sel ected from parti cles of the group of oxides

of the e]enen cer al,uni nur i.licon and rcopi um or sel ected from
a1 o1 o " The bR a5 oA B sl E.oendBin i PREFRS SheDofeaceldie.
bor on nlmramr@urwp@y@@ﬂme, 18. The method as clainmed in claim17, wherein
an average particle size of the abrasive is 0.1-1 pm 2009P00080DE /Ki 23
11. The method as claimed in one of claims 1 to 3, wherein the semiconductor wafer
comprises silicon, silicon-germanium, silicon dioxide, silicon nitride or gallium arsenide

or other -V semiconductors.

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.



Abstract Method for the Doubl e Sided Pop2shing of a Sem conductor Wafer The
invention relates to a nethod for the double sided polishing of a

sem conduct or wafer, conprising polishing a frontside of the sem conduct or
wafer in a first step by using a polishing pad with fixed abrasive, and

si mul t aneously polishing a backside of the sem conductor wafer with a
pol i shing pad that contains no abrasive, but during which a polishing agent

cont ai nifry abTas néthddSad Blalrst Fechd et vaRis ﬂine\m@@eirstniqunr@aﬂfqam fabened
backsi de of the sem conduct or waf er, subsequent i nversion o

S condiic8 POETES OrUahEORREN A3 VS BURTIENRSCTF BPd SR BPTLIRES BATIESTA of
the semd@ai QFtH%aEi%ﬁwéMké Qeﬁwﬂolaxmha& Rifoh Ny SRSl baiEttedlAR | Ve

and si mul taneously polishin e frontsid sem conductor wafer with
a pol i shianicigmdf thaagrowoot !aaard§uwatampﬁ@dom$tm Wfesilicenprarbidhi baroagéride and
cont ai nldpgmsgtﬁ asive being introduced between the polishing pad and the
frontsi dé& 'he sem conduct or wafer. No Figure.

18. The method as claimed in claim 17, wherein an average particle size of the

abrasive is 0.1-1 um,



