- 1 Method for polishing a semiconductor wafer The invention relates to a
method for the double-side polishing of a semiconductor wafer. The prior
art discloses the polishing of both sides of a semiconductor wafer by
means of a polishing pad with supply of a polishing agent as stock
removal polishing (DSP step), and in the other case the final polishing

only of the\fiant siflerGeoppPent sige’s) Using a-sefirtnolishingdad as
so-called haze-free polishing (CMP step, "finishing"), but also new
so-called "fixed abrasive polishing" (FAP) technologies, in which the
séh#icohduetot waferis palistiedton apolishingjpadowhicheontains; e-side

however aakrasivedpaterigh Bonded-in, dhe polishing pad

("fixed-abrasive pad"). A polishing step in which such an FAP polishing

pad is used is referred to hereinafter for short as FAP step. WO 99/55491
Al sEribesra td-stdgeé polishing Wicthed, . ésmprisinga frstbAp ides of
polishing stepiand asubsequent secend MR palishing stepa in thecase th
0 P, the -palishing pad. contai bonded Siv. rial, in .this.
cégé\éég ingt eoéa?eggfl a%?)ggqs%egg£gra§€/e%rﬁ§?eﬁﬁah§§§§é%u e%“iﬁsth% "9
fOPR Of & SRiFry’betiéen-the-Semitshdictoramster-aitd the olisiiRg paaird
Suchyva tw-stage pdishing methied is(Useduingparticulas ial<liminateing  a

scratches left by the FAD,step an.the jpolished sukface. of:-thesubstyater. ; 1,

EP.1 717 001 Al s.one example of the fact that FAP steps are also used

wheh plishing seniCordudtsr waferd whichhavdSiot Sef ad ang -+ <ed
component strieetures forpled (GBHeir sarface Dyrimgthe polishingwdf the
syieh i semigconductor yafers, itis prisaarilyjmportant to, preduce gt least paq
qmgfggﬂ%é%%%§ggwﬂﬂggéver, an abrasive maierial bonded in
the polishing pad ("fixed-abrasive pad™). A polishing
step in which such an FAP polishing pad 1is used is

referred to hereinafter for short as FAP step.

WO 99/55491 Al describes a two-stage polishing method,
comprising a first FAP polishing step and a subsequent
second CMP polishing step. In the case -of CMP, the
peolishing pad contains no bonded abrasive material. In
this case, as in the case of a DSP step, abrasive
material is introduced in the form of a slurry between
the semiconductor wafer and the polishing pad. Such a
two-stage polishing method 1s wused in particular to
eliminate scratches left by the FAP step on the

polished surface of the substrate.

Ep 1 717 001 Al is cne example of the fact that FAP
steps are alsc used when polishing semiconductor wafers
which have not yet had any component structures formed
on their surface. During the polishing of such
semiconductor wafers, 1t 1is primarily important to
produce at least one lateral surface which is
particularly planar and which has a minimal

microroughness and nanotopography.



particularly planar and which has a minimal microroughness and
nanotopography. - 2 US2002/00609967 Al relates to CMP methods for
leveling topographic surfaces during the production of electronic
components. The primary endeavor is tp alleviate the disadvantage of
comparatively low removal rates when using FAP polishing pads. A

e ishi eps is proposed wherein polishing is effected . |
e R o B o it A NG S ereSurky a7
stpseqiemiyissing 88 FXFEgrad in@ehjurttion With a polishiig-agem  of
selution: bm this casecthemrder, of thesteps-isghosen ihactargatedis o
manney in order.to i_%ff%%%%wﬁt@%ovgk rate, Jhe nolishing of wafers,, .,
composed of matenalhavm a hgmogeneous comOPosmo , €.g. silicon

wateRsS is FBEist8s6d thérehn. W 63/672228°%R1% foo, Ikewigs didefsses T

amethadifoy levelingdopagraphie sprfaees duringrtherproguctioarofng is
elactignic. corponents. l@é@%ﬁa@a@, the-central paint of{he inventionds y, 5
the endpoint recognition in CMP methods. As is known, endpoint ,
réCognii '&?%v&l@%&%nc‘ﬁh&%ﬁéf pGiifing '4nd FENGE the maferfa refloval™F
ivealtimely dastiion befara regiohs arecreimovetwhiclyare: specificaliynot In
intendedda %,por:{;sft@d- &w\éolfstﬁg@_ mﬁ@odsfg%pﬁ!isai_gg ??Eete%%{ Layer 5
is proposed for_this purpose._In the first step, polishing is effected wusin
SoEEAP ot bab, wherdin he pOTSHAG SGRE optlnall dock pr 22
does nBPeorthin fec dbrasive J5ariciesaA Itk second polishing srepiire 2
whieh qaolishing isdikewise effeeted using ansEARPqad, therusepfais not
pelishing agent with free abrasive particles s, in contrast, essential.

WO 03/074228 Al, too, likewise discloses a method for
leveling topographic surfaces during the production of
electronic components. In this case, the central point
cf the invention 1is the endpcint recognition in CMP
methods. As 1s known, endpoint recognition involves
ending the polishing and hence the material removal in
a timely fashion before regions are removed which are
specifically not intended to be polished. A two-stage
method for polishing a copper layer is proposed for
this purpose. In the first step, polishing is effected
using an FAP pclishing pad, wherein the polishing agent
optionally does or does not contain free abrasive
particles. In the second polishing step, in which
polishing 1s likewise effected using an FAP pad, the
use of a polishing agent with free abrasive particles

is, in contrast, essential.

DE 102z 007 035 266 Al describes a method for polishing
a substrate composed of semiconductor material,
comprising two polishing steps of the FAP type, which
differ 1in that, in one polishing step, a polishing
agent slurry containing noen-bonded abrasive material as

a solid is introduced between the substrate and the



DE 102 007 035 266 Al describes a method for polishing a substrate
composed of semiconductor material, comprising two polishing steps of
the FAP type, which differ in that, in one polishing step, a polishing agent
slurry containing non-bonded abrasive material as a solid is introduced
between the substrate and the - 3 polishing pad, while in the second

olishing step the .polisplin agent slurry is replaced by a polishing agent
SBiioR thatis 128 of Solite" The conventisral paliding Mok, F b ©1e
pafticbfarithe BSPrPolishingr leadto srRufavorable eddecsymmeny, mgent
patticutarde a-se-ealled edge rol-offs, that s to say to an edge decrease
relative to the thickness of the semiconductor wafer. In principle, the
semiconductor wafers are pressed with the aid of a polishing head with
tHeiE latePal Erface loelisRed 2gaifst thepolishity patt lyirgesa the
pbkshipg plate. 1A pplishing head alsauinfhdes stretairergrng witieh rv, in
epgclpses the substrate latsrally,andiprevenis it from sliding oftie, 5

polishing head during the polishing. Therefore, in order to prevent the
trah¥verSe force§ Whictt 6E&THiTing e poiishing from pushing theewarer ©
frone theepolishirtyleead; the Wafers are held in position by such retainer
rings. These devices are described in various patents (US 6293 850B1;

US 6033207; EP 109963341, LS 8944590). The retginer fings are . .,
pressed more or less fifmly Brto the polishing pad- In Modefn polishing’ ™
heads,ahat laferdl sbffaéé bt tie seaticontiibtor Waker whigl irenfots face
from the pelishing. pad bears-eit an-elasticgnembrane Whieh transmitsthe »

polishing plate.

A polishing head alsc includes a retainer ring, which
encloses the substrate laterally and prevents it from
sliding off the polishing head during the polishing.
Therefore, 1n order to prevent the transverse forces
which occur during the polishing from pushing the wafer
frem the polishing head, the wafers are held in
position by such retainer rings. These devices are
described in various patents (us 5283 85081,
Us 0033292; EP 1029633A1; US 5944590).

The retainer rings are pressed more or less firmly onto

the polishing pad.

In modern polishing heads, that lateral surface of the
semiconductor wafer which is remote from the polishing
pad bears on an elastic membrane which transmits the
polishing pressure exerted. The membrane is part of a
chamber system, subdivided if appropriate, which can
form a gas or liguid cushion (membrane carrier, zone

carrier).

The pressure chambers are preferably arranged

concentrically or in segmented fashion, and a specific



polishing pressure exerted. The membrane is part of a chamber system,
subdivided if appropriate, which can form a gas or liquid cushion
(membrane carrier, zone carrier). The pressure chambers are preferably
arranged concentrically or in segmepted fashion, and a specific - 4
pressure can be applied to them separately from one another. The

poliskéiggjpressg%e i%gna%%g;nsmitte% totg]e rear sideﬁboﬁza uppggtc)%ate

via' iastic bearing surfac e preSsure chambers 16 which préssure”™®

it Epplied. ThiS appliesfoFéRamplees $He multEplate! poishing Ariaghiret ed
AMAT Reflestien froneApglied Materals, ics whiefl gompsses a8 S-zene ng
r cargier with a differently adjustable pressure.profile. In th ,
A AL SIS sl e R BRI A o
pohEHinG AgerttbetwesrtheStbstitte ahdftHe Holishing pad Bid wite1ate
rotatioslof the potishingtwead antkthe pélishirg-plate: TheeGermanapplied

applicatioysnot praviously, published s pearing the fle reference nemprane
102008053610.5 discloses a method far. the double-side polishing of a
s“éﬁﬁc?&r%c‘i’dr%a?er?%:brﬁ%ﬁ%% e ToHAInG $téps i tha Statel~ Brer -

a) polishing of a rear side of the semiconductor wafer on a polishing pad
which-gentains an abrastve materialsbonded.in $he pelishing pad, whereineq
a hgoclighigg agent Osglué:lion (tzqaltg%frge 0;!1 so!jlq_s ig ir;t{g%deurgze bet_ween the _
rear side o Fﬁleysemlcond%ct“or walfegan§?he pol?s“hlng pa EﬁI‘InSgL1 S(i'trahe
palishing sfep; By stoek removasdlisking of the-fiontsidedfitie  of  the
spolicanducionwaier ana polishing pad whichcentains an abrasive
material bonded in the polishing pad,

The German application - not previously published -
bhearing the file reference 102008053610.% discloses a
method for the double-side polishing of a semiconductor
wafer, comprising the following steps in the stated
order:

aj polishing of a rear side of the semiconductor wafer
en a polishing pad which contains an abrasive material
bonded in the polishing pad, wherein & polishing agent
solution that is free of solids is introduced between
the rear side of the semiconductor wafar and the
polishing pad during the polishing step;

b} stock removal polishing of the front side of the
semiconductor wafer on a polishing pad which contains
an abrasive material bonded 1in the polishing pad,
wherein a polishing agent sclution that is free of
h

semiconductor wafer and the peolishing pad during the

t—h
ot
®

sollids 1s introduced between the front side o

polishing step;

c) removal of the microroughness from the front side of
the semiconductor wafer by polishing cof the front side
of the semiconductor wafer on a polishing pad, wherein
a polishing agent slurry coeontaining abrasive materials

is introduced between the front side of the



wherein a polishing agent solution that is free of solids is introduced
between the front side of the semiconductor wafer and the polishing pad
during the polishing step; ¢) removal of the microroughness from the front
side of the semiconductor wafer by polishing of the front side of the
semiconductor wafer on a polishing pad, wherein a polishing agent slurry
conipining abrasiye materials. sintioguced betueen fhe front sde of the.§ .
semiconductor wafer and the polishing pa%l dLu“Flné"‘tHg p%ﬁs ing step,gd) )
final palishindy 6f-8i’front side of the semiconductor wafer by polishing of
thie front sideg of thesemicenductor waferen a pplishing padiwhichf  the
CQ%@%H%@Q&%?&V%@%%“%?O’19891!Eﬁ@%&o'%'”\gh@a"fX‘é!}%e'@f‘de of
polishing agent slurry containi g abrasive materials is introduced

belifeer? FE-rEMCSiAE Gt the' Sefmicontiiictd? wafér ard thedpolBRfhg paY- o
duringathespotishirg stepl Stepsa) andd) obthisiarethiod aré#APclishing
F{S’H%D!“g SePse 13tep g C%Q‘E% k@?n‘%f"_r“ea_%%ttm t@%f%ﬁ_ny()f AFAR: ning
polishing step, that is to say using a polishing pad comprising fixedly .

FERUBA BETASiee SIEh ) 1S ) EAPCHE pBISHIG Steb “This mBthod -4
edkegriepessibledo dmprove the franctogodriaphy ol thdsersicoaductor ing

wafer and the edge -gegmetry thereof. The DSP step provided in the prior
art can be obviated. On searching for a further improvement in the edge

geometry of the semiconductor wafers polished according to this method,
tiie fivenfors Have Pecoyhized that Sparicurarly if e EaselsfPAp steps.
potishing stepsrusiiUso be carried ocut in the form of an FAP
polishing step, that is to say using a polishing pad
comprising £ixedly bonded abrasives. Step d} 1s a
typical CMP pclishing step.

This method makes it possible to improve the
nanotopography of the semiconductor wafer and the edge
geometry theresof. The DSP step provided in the priocr

art can be obviated.

On searching for & further improvement in the edge
geometry of the semicconductor wafers polished according
to this methed, the inventcors have recognized that,
particularly in the case of FAP polishing steps using
comparatively hard and stiff FAP peolishing pads, the
polishing machines and wafer holding systems usually
used are in part disadvantageous. This 1s due to the
fact that the hard FAP pclishing pads scarcely "yield™,
i.e. react only inadequately to pressure from outside
{(pressure in AMAT 5-zone carrier, retainer ring contact

pressure; .

This gave rise tco the stated object of the present

invention.

The object is achleved by means of a first method

according to Zhe invention for the single-side



comparatively hard and stiff FAP polishing pads, the polishing machines
and wafer holding systems usually used are in part disadvantageous.
This is due to the fact that the hard FAP polishing pads scarcely "yield",
I.e. react only inadequately to pressure fram outside (pressure in AMAT
5-zone carrier, retainer ring contact pressure). This gave rise to the stated
object of the present invention. The gbject.is achieved by means of a first
e e breing o the IveTun or H g SIS - poltehmeg B a9
sefidsridiuttor KafePEomprisifiy polishity of 6Fe Sideiefther wafer by
seadeenductor waber:byh means=ef apdlishing:pathwbich ds:fixedcariashing
Rolishing plate angwhich CB%‘&%‘H?JH@'yﬂg@ﬁﬂf?r%%}ﬁ%erﬁate%l?asive
while a polishing agent is introduced. between that side of the

Bfiédndittor waferwhichds t1&Be pofdhad arid fie polishing pabrcduced
whergipcthe Semticondletor vaferds keld duringithe polishirgeby whearrs is
of & heldingsystem. whichis fixgd-on M@%&ﬁﬁd whigh coppprisesa ¢ne
lined cutout of the size of the semlcoqduct r wafer thbe received, in the b
CHTBUT BY Eans of Adhesion by theside thEtisTot to'be Jotshed &t °Y
tHe 2afiep is guided Sdel thay feesemidorniducto? wafere@mporarilycarrier
pé@j@ctsw\ﬁtth? parof sitsssurface ]p%wndcm@cﬁwfagle ot-the p@iii%féin@ padne
during th ishing. abject of.the inyention is also_achieved |

et e P o i L s e S
gohigRiAg ot ‘a sémitbhdbittor Wafef, "omptising thedbllowig &teps irr the e
stated cirder; a) polishingof ackear side of the semidendustoriwafehat  the

semiconductor wafer temporarily projects with a part of
its surface beyond the surface of the polishing pad

during the polishing.

The object of the invention is also achieved by means
cf a second method according to the invention for the
double-side polishing of a semiconductor wafer,
comprising the following steps in the stated order:

a) polishing of a rear side of the semiconductor wafer
by means of a polishing pad which is fixed on a
polishing plate and which contains fixedly bonded
abrasive materials, wherein a polishing agent solution
that is free o©f scolids is introduced between the rear
side of the semiconductor wafer and the polishing pad
during the polishing step;

b} stock removal polishing of the front side of the
semiconductor wafer by means of a polishing pad which
is fixed on a polishing plate and which contains
fixedly bonded abrasive materials, wherein a polishing
agent solution that is free of solids i1s introduced
between the front side of the semiconductor wafer and
the peolishing pad during the polishing step:

c) removal of the microrocughness from the front side of
the semiconductor wafer by polishing of the front =ide

of the semiconductor wafer by means of a polishin ad
e



by means of a polishing pad which is fixed on a polishing plate and which
contains fixedly bonded abrasive materials, wherein a polishing agent
solution that is free of solids is introduced between the rear side of the
semiconductor wafer and the polishing pad during the polishing step; b)
stock removal polishing of the front side of the semiconductor wafer by
means, of a.polishin d which s fixed on.a,polishing plate and which
cg%lt:écfsnhs fi)%esdly %(ijng[;% abrasive mgfgcﬁlélngﬁ%reiﬁ g%o%éhinéjh z%?n noA
sBRHAiBA THATs HBRIHT sblids ivinfeddiced: betived thelfrontisidesfthes 1
semtcangluctar Wadervanrg, the polishing pad duringsthe polishing stepicrtor
r e micr ss_fram the, front side.o semiconductor. .
e by Dol of Dot SA 1 e SEmToonaicto st o) meary
oft& poli padPP Wieh iCfixe@ on a Pofishing piate, whéfsin a ©f  the
pefishingagentslurry edntaining abrasive hnaterials ishintréduced side of
between dhe fontside of the.semicanductor, wafer, and.the, pelishing pad, - 4
during the polishing step; d) flnagl %gjls,hlng of the front side of the o
SEEShduEtor WATSF B/ aTisRing o Bid HORSIUE of Mb Y icbndaasr L7
water Iy imansof angdlishirfgipadanlsiet is fixed bha polishirg plate apd d,
which-eantains RE abeasiveymatgdakbonded inthe.palishing pad, abrasive
wherein a E)t?slisgié]g a gg%alu{rjr%jcogta{%g%gb@gg/e Anaterials,is -
introdiiced between the Front side of the: semiconductor wafer and the
pofigHifg paddtitihg te Polishirty sté wherels tHe sensigonddetor waferhe
apteastduag steps; a) to ¢) , is held by means of a holding system,

which. is fixed.an a carier.and which comprisesalingd .. i ring steps

ay to c¢), 1s held by means of a holding system, which

the

is fixed on a carrier and which comprises a lined
cutout o¢of the size of the semiconductor wafer to be
received, in the cutout by means of adhesion by the
side that 1s not tco be polished, and the carrier is
gulded such that the semiconductor wafer temporarily
projects with a part of its surface beyond the surface
of the polishing pad during the polishing.

Such holding systems having cutouts for zreceiving a

semiconductor wafer are also referred fto as templates.

The invention prevides for carrying out polishing by
means of polishing pads comprising fixedly Dbonded
abrasives in a polishing machine with a carrier system

with a template and workpiece excursion.

Preferably, the cutout in the template is delimited by
a ring 1in which the semiconductor wafer 1s held and
guided. However, in contrast tTo conventional retainer
rings, this ring is not pressed against the polishing
pad with a contact pressure. Moreover, the holding

system comprises no pressure chambers whatsoever to



cutout of the size of the semiconductor wafer to be received, in the cutout
by means of adhesion by the side that is not to be polished, and the
carrier is guided such that the semiconductor wafer temporarily projects
with a part of its surface beyond the surface of the polishing pad during
the polishing. Such holding systems having cutouts for receiving a
semiconductor waer.are glo referred o as [pmplates., The invention,
provu(j:es for carrying out polishlr?gplcl)y méans of polisShing pads corinporlsing ©
fixedly Porded 1abrasives inalsolishing maehife with a carrier system

with a template and workpiece excursion. Preferably, the cutout in the

templats, is delimited by, a ing,jp which %qhaef%erm'%%”dn%‘?{orclf"e%f% SNed,
and gwdeé. However, In contrast to conventional retainer rings, this ring
iRt préssét d§ainsttheolishingt pad WitheF contaétpre8gureneans — of
Matkeewer;the holding system comprises no pressure chambers
whatsoever to - 8 which pressure is applied. The object cannot be

achieved with such holding systems. Moreover, the semiconductor wafer

is A6t cefented Bnto™ e HoTlihg Fystent But Fihérheld by medfis EMOte
atlhesioh.TEhatsidesofithe seavicorgluptor wafewhichéds rfemote afromabert

pelishing:padis preferahlyheld o @ support padiar op adearing.surface e
T}Q\ies P:%% formin%the b_earincgf%%rfacelig oftgg glslprreferged to as a .

bac%ng Sacf.ul‘hlgagsléﬁatlon will also be Used in the d’éjsc%%tlgn Wé?k“"ng
@ follows TFheréford, dhat Side of 'the semicbi@luctor waksshich is nothe
teibe polished rprefeeably-daes not beak directly oatbedemplata-orsthes of
kyﬁgSgg%g%gkﬁﬁg%g@ﬂag¥@§@nﬁ@gﬁbqg not to be polished
preferably does not bear directly on the template or
the lower surface of the cutout in the template, but
rather on a separate pad with which the cutout in the
template 1s lined. Instead of a pad, the surface of the
cutout in the template can, of course, also be coated
with a suitable material, such that the term that shsall
be employed in this case 1s a backing pad léyer, rather
than a pad. Morecover, the template can be composed of
cne material and the surface of the template, in
particular the surface of the cutout, can be
correspondingly processed, thus resulting in  the
desired properties of the "backing pad". Thus, template
and backing pad can alsc be composed of one and the
same material and be configured in one piece. Suitable
materials for templates and backing pads are explained

below.

Preferably, the holding system is fixed on a support
plate or carrier baseplate, which has a planar, concave
cr particularly preferably a convex form and which is
connected to the polishing head. This means that thers
1s no difference relative to the priocr art, in which
the membrane carriers, zone carriers are likewise

applied on such support plates. The entire support



rather on a separate pad with which the cutout in the template is lined.
Instead of a pad, the surface of the cutout in the template can, of course,
also be coated with a suitable material, such that the term that shall be
employed in this case is a backing pad dayer, rather than a pad.

Moreover, the template can be composed of one material and the surface
of the template, in_ particular the surface of the cutout, can be 14 e
c%;rae%;?ongﬁély %?o%é%%ed% ?huéz1 resu t?r?gm fﬁlﬂ[ﬁé dzegf?rend pt}oSert?e%ide tﬁéng
"FaGiRng pad  Fhushiehpide AAEbatRhgDadidsm 188 Berconiptsetrbfon
one@nshthecsame materiat and heeonfigared inwneipiece: Huitablei shing

materialsJor iamplates and hacking pads,are %}%‘%8@? REIOW:. 5 often

Preferably, the holding system is fixed on a supy plate or carrier
badEplatE WHiER has A planal Toheade Rrafticularly preferably a

convex form and which is connected to the polishing head. This means

thattherg. 43 g differgnce selative %o the prigr an, in.which the mermbrane,
carrjers, zone carriers are likewise applied on such support plates. The

entire’ SUpport'o “piate-EAk &aSiliFbe disassembled from the polishing
machine such that the mounting of the holding system on the support
plate canitake placerautside the pelishirg snachine, whiclr isprefereed. £ 1 e
The support plate is often also referred to as."backing plate”. Th .
d%gignfgﬁgr% é%ockcéﬁ%galso c?m?stor%grsyei‘%‘f Jfﬁé %ﬁtou%%% ﬁ%ﬂ%%%ate%? .
Aceordii§iy Sthe tepthtéfthe Edfoit isFofresFEeified &8 peekerHepth. the
essentially corresponds to a thickness of the ring preferably surrounding
the cutout.

Suitable templates are disclosed for example in

Jp20031881l26, JP2003188127, US5267418 and US5548511.

There are commercially available templates for single-
side polishing machines which, depending on the
application, are composed of different materials and
are present with different sizes and are equipped with
different pocket depths, for example from Zeromicron®

Inc. or from PR Hoffman cor from Nagase & Co. Ltd.

By way of example, 1t is possible to produce templates
from epoxy-resin-reinforced fiberglass or from

polyethylene terephthalate (PET).

The template can be present in porous or non-porous

form.

The backing pad of the template or the template itself
preferably comprises a pressure~sensitive adhesive
(PSA) .

The backing pad preferably comprises a soft material,

e.g. a polyurethane having a hardness of 20-90

=



Suitable templates are disclosed for example in JP2003188126,
JP2003188127, US5267418 and US5549511. There are commercially
available templates for single- side polishing. machines which, depending
on the application, are composed of different materials and are present
with different sizes and are equipped with different pocket depths, for

example from Zeromicron(r), Inc..or fram PR Hoffman or from Nagase

Co. L1d. By Way of g?aorﬁ;%ale,pit isTp%%s%%Ato"Lp?c\f(?urcect%rrhp%efesa?%ﬁeg o
epdky-resinyeirfsreaddiberglass or from polyethylene terephthalate

(PET). The template can be present in porous or non-porous form. The

b@g@@gﬁ%iﬂhe&? plate.qc the te%%'at% 't§%I£ipE[§fer§ ly %?@é’éiﬁgs 4nd
pressure-sensitive adhesive (PSA). The backing pad preferably
CBMTITISES a soft material, e.g. a polyurethane having a hardness of 20-90

- 10 according to Shore A. The PSA layer can be a_ppli_ed to said '
pﬂM%@ﬁﬁ@rErefea%bly,gge@%ﬁipgrpadaer@;f&@aiés viscous, and .elastic, . o
C

Furthermore, in particular acrylate or polyacrylate resins, acrylic rubber,
ShEnE Haset TobTs sudh 38 Bty Ens bBSopTane oy Sigrond (1Sy ®
bigcky Eopokynters cdatiisd pulstyer-withl keshy sempositions aké ) suitablé asc k
b@@ﬁ@ﬂﬁ@ﬂa@‘,atk%i@h%ﬂi%wr%%?@@mm%thi@éf§99|a§@ﬁ1§|§§m%rn%ucﬁre
?gstlﬁ%%%%@%utééngggg%?%?Eﬁ%?é%—e%e%fg}{-s block copolymers, and

a polar, hydrophilic resin such as polyvinyl alkyl ether,
polpvinyteyrotidone,ining a thermoplastic elastomer such as
styrens block copoelymers, polystyrene-
poly(ethylene/butylene) -polystyrene (3-EB-3) or S-I-8
block copeclymers, and a polar, hydrophilic resin such
as polyvinyl alkyl ether, polyvinvipyrrolidone,
polyethyloxazolidine, polyvinyl alcohol or polyacrylic
acid copolymer, natural resin or natural resin esters
or esters of polymerized natural resins are furthermore

suitable.

A template having & smooth or rcugh surface can be

chosen as required.

The template preferably has a retainer ring which
surrounds the cutout 1in the template and encloses the
semiceonductor wafer. This involves a type of retalner
ring which holds the semiconductor wafer 1in position
and presses 1t more or less firmly onto the polishing
rad 1in order to prevent the transverse forces which
occur during polishing from pushing the semiconductor
wafer from the polishing head, as described in
US 6293850 B1, US 6033292, EP 1029633 ARl or US 5944590,
but without provision of a retainer ring contact

pressure as in the prior art.



polyethyloxazolidine, polyvinyl alcohol or polyacrylic acid copolymer,
natural resin or natural resin esters or esters of polymerized natural
resins are furthermore suitable. A template having a smooth or rough
surface can be chosen as required. The template preferably has a
retainer ring which surrounds the cutout in the template and encloses the
sgmiconductorwafer, This Involves g type of retalner, fing whigh holds the,
semiconductor wafer in posﬁ}on and presses it more or less ff]rrr]ﬂy onto
the BISHIRy Padhih DEder b prévent thedErRVERse fOfCRSSTER Cocekly ©r

dufing petishing fromapushing thedsemicanductorpwates from the palishingd,
head, as.deseribed in, (1S 6293830 Bletaplsdcse Al 1029633 Al QL ¢
US 5944590, but without provision of a retainer ring contact pressure as
ir-fHe prioriart b 1P 1AL Slréady nfertioned abbve oaricts wiei hawd  the
pressuse chantberdwhich aresarrarngeskcanicentricatly ap«insegtented
fashion and to which pressure is applied, and which transmit said

pressure to the rear side of the support plate via elastic bearing surfaces
of e preSHiTe chambrs, BFE At Bermitted to bE Tisel™ The Bmplate o1 ¥

preferably: fited on thesvartier dasepldte inrsuth alway that it caasiakily be

bex exchanged. Preferahiy iitis adhesively-panded.onfo the, calriefnto the
baseplate. For Etlgig rpose, thEe temptlgte preferab%comprisesa

sélt-adhesive ayetr. he ‘semiconductor Waferis Held 6h thet Bgckiﬁﬁ%%giate

by eahs of adhesiphl fiftthisicasel depehimgoh thevsdcking pad used,

it may be necessary for the surface of the backing pad on
The semiconductor wafer is held on the backing pad by

means of adhesion.

In this case, depending on the backing pad used, it may
be necessary for the surface of the backing pad on

which the semiconductor wafer 1s held to be moilst.

The backing pad i1s preferably moistened with deionized

water.

The backing pad is preferably treated with & brush
after moistening, e.g. with a brush composed of nvlon.
Nylon is a trade name for synthetic fibers composed of

polvamide.

With the use of PSA, it iz not necessary £or the
backing pad to be moistened in order tc activate the

adhesion.

During processing, the semiconductor wafers temporarily
project with part of their area beyvond the edge of the
polishing pad or bevond the surface of the pcolishing
pad fixed on the polishing plate. This temporary
projecticn of the workpleces with part of their area is

referred to as "workplece excursion™.



which the semiconductor wafer is held to be moist. The backing pad is
preferably moistened with deionized water. The backing pad is preferably
treated with a brush after moistening, e.g. with a brush composed of

nylon. Nylon is a trade name for synthetic fibers composed of polyamide.
With the use of PSA, it is not necessary for the backing pad to be
moistened in order to activate the adhesion. During processing, the
semiconductor wafers temporarily project with part of their area beyond
tHel@dget ofthespslishing pad D Beyordfie suaeebflthe polishing qsall by
fixegton the polishing platecThistemparary tprojeetionof the workpieces
with part of their area is referred to as "workpiece excursion” - 12 Fig. 1
schematically shows what should be understood by the excursion of the
s&rficontiticior wafBEExeursioh 7 méshs Bfat tRe SeRicoudtal wafed4 15

isyguitied ovee thetédgesdaf4he pdlishing padi3 wrdnder that the enfirerder
width.of the palishing pad surface: 2ds, subjected tg,bading. The farmation
of wear edges can therehy be prevented. Preferably, the excursion
afOUNts to-approximately 28% thiGugh o r0098™of the rdfias of hi@es ©2n
sémicondyctor wafercHoa@ver, it is not absolutely necessary that an
excursion has to be present on the inner side 71 and on the outer side

75»2%%&%&""”" tor walor 4 s guided.and held by & carrier 5 oY ded
with a temp ate 6. urthérmore, it18 n6t'abeo utely necggsary forthe Y ’
through to 100% of the radius of the semiconductor

oy

walrer.

However, it 1s not absclutely necessary that an
excursion has to be present on the inner side 71 and on

the outer side 72.

The semiconductor wafer 4 1s guided and held by a

carrier 5 provided with a template 6.

Furthermecre, 1t 1s not absolutely necessary for the
area of the FA pclishing pad surface 2 to be identical

te the area of polishing plate 1.

The polishing plate 1 can also take up a larger area

and serves for holding the polishing pad.

With the wuse of polishing pads containing fixedly
bonded abrasives, this has proved to be advantageous
since the contact area between semiconductor wafer and
polishing pad and hence the effective processing
pressure fluctuate as a result of the workpiece
movement beyond the edge of the polishing pad lining.
Furthermore, the wafer area undergoing excursion is

drawn from the material removal process at times.



area of the FA polishing pad surface 2 to be identical to the area of
polishing plate 1. The polishing plate 1 can also take up a larger area and
serves for holding the polishing pad. With the use of polishing pads
containing fixedly bonded abrasives, this has proved to be advantageous
since the contact area between semiconductor wafer and polishing pad
hence the effective processing pressure fluctuate, as a result of the
oS TR et boyond THE cUBE b 11 ornint SATImGS o5
FirtheEforel thelWwafeleareaturidefyoirg exchsion isy drawat from thett the
majepakremovalprocess attimese - 13 chasmaxinugrwidth of e by the
exeursio i§ge$%r@%gg§¥ the design of the geometry of the holding
system, but the” temporal duration in the process is determined by the
kinematic parameters. Various pocket depths can be presented in
conjunctien withithe exeyrsion. It the pocket:depth isssmaller thanthact ion
wafer, thickness,.then the term employed is wafer overhang 10 (see fig. 1
B) ; by contrast, if it is greater than or equal to said wafer thickness, then
the term employed is wafer underhang 9 (see fig. 1 A). Through the
combination apcurdiiy to dse ivention of sexeduksion witharariablespocketf =
depth-ehthecutautdn the template, itis pessible tq influence the-polishing, ¢
r?rgggalén the rggilg of the Wafe{ eggg in aéarggted manner_and thus to
b

the

ing aboutan impr &en]%)é/ntci:r? &gx wafér et ge geojmsetr%f:‘?ﬁg %5”5%&& ox
aRy@REsollitfon 36 aecordande With stepssa) aridyof the sécord nsethddved
aceorging:to thed inveation is, inthe simplest case, water, preferably

Through the combination according to the invention of
excursion with variable pocket depth of the cutout in
the template, 1t i1s possible to influence the polishing
removal 1in the region of the wafer edge in a targeted

manner and thus to bring about an improvement in the

wafer edge geometry.

The polishing agent solution in accordance with steps
a) and b} of the second method acceording to the
invention is, in the simplest case, water, preferably
deionized water (DIW) having the purity customary for

use in the semiconductor industry.

However, the polishing agent solution can also contaln
compounds such as sodium carbonate (Na;CC3), potassium
carbonate (K;CCz), sodium hydroxide (NaCH), potassium
hydroxide (RKOH) , ammonium hydroxide {NH40H) ,
tetramethylammonium hydroxide (TMAH) or any desired
mixtures thereof. The use of potassium carbonate is
especially preferred. In this case, the pH wvalue of the
polishing agent solution preferably lies in a range of
10 to 12 and the proportiocn of the stated compounds in

the polishing agent sclution i1s preferably 0.01 to 10%



deionized water (DIW) having the purity customary for use in the
semiconductor industry. However, the polishing agent solution can also
contain compounds such as sodium carbonate (Na2C03), potassium
carbonate (K2CO3) , sodium hydroxidg fNaOH), potassium hydroxide
(KOH), ammonium hydroxide (NHaOH), tetramethylammonium hydroxide

(IMAH).or.any desired _mixtures thereof. The use. of potassium carbonate
RS Hai il e
sofution preferably lies in a range of 10 to 12 and the proportion of the

stated compounds in the polishing agent solution is preferably 0.01 to

10% - 14, by weight, paticylarly preferably from 001 t0,Q.2%0 by, wejght.. ;

The polishing agent solution can furthermore contain one or more further
adiitived” folexampte Siiftace- ACtE dddifives SHch 45 %8HING agenhts 2<&-
andt sodactantsdstabitizers actinghas prtectivecotidids, preservatives, and

bigcides,alcahols and complexing agents, Betwesn,steps b)and £),3 1 45,

further FAP step is preferably effected usjn olishing agent slurry. as |

Y SE6°5" BUCWIER an FAP Bati The proBarion®f the abPasive RatEHaTH 9
the 9aglishing agent slurry in accordance with steps ¢) and d) of the

method according to the invention is preferably 0.25 to 20% by weight,

Uigplarly preferably 0,25 o196 by welofit. The.Size distribiion of the
abrasive matéral” particles is preferably monomodal innatare. The °F

VEPAGE partitle SRS B0 3004, particbilaty) preferaBl s to Sy  as

in step c), but with an FAP pad.

The vproportion of the abrasive material in the
polishing agent slurry in accordance with steps <) and
ad) of the method according to the invention is
preferably 0,25 To 20% by  weilght, particularly
preferably 0.20 to 1% by weilght.

The size distribution of the abrasive material

particles is preferably monomodal in nature.

The average particle size 1is 5 to 300 nm, particularly

preferably 5 to 50 nm.

The abrasive material comprises a material that
mechanically removes the substrate materisl, preferably
one or more of the oxides of the elements aluminum,

cerium or silicon.

A pclishing agent slurry containing colloidally
disperse silica is particularly preferred (silica soli,

cf. Table 1 and associated description; "Glanzox™).

The pH wvalue of the polishing agent slurry preferably
lies in a range of 9 to 11.5 and is preferably set by

means of additives such as sgodium carbonate (NazxC0s),



The abrasive material comprises a material that mechanically removes
the substrate material, preferably one or more of the oxides of the
elements aluminum, cerium or silicon. A polishing agent slurry containing
colloidally disperse silica is particularly greferred (silica sol, cf. Table 1
and associated description; "Glanzox"). The pH value of the polishing

agent slurry preferably lies in of 9to 11.5 and is preferably set
mgeoahaésosf%axdg iti_\(/:éasrgl%:: a%g: soz%lfa‘r(_f?@c?(:gtrbonsa?é:Jf h%“z&ﬁ/%g?ﬁ% %%taﬁaﬁﬁ) !
cafbohatd 2COI): 88didin hydrbxide EVEOHY,UBotassiamtytiroxidésOH)
(Keth armevmoniumm bydrexide.(NH40H i stetramethylamimoniym,hy droxidee 4

(Ewﬁ%ﬁfggnyq?g%%kggxwgﬁﬁggggagPon%ﬁgnds'Theé§e(ﬁotassium

potassium carbonate is especially preferred. The poﬁgﬁng agent slurry
caf faitRérhfore ToRBXR Shet o nofé feridiGdditives, for example
surface-active additives such as wetting agents and surfactants,

stahilizers acling-as grgé%&ivg collqids, -presetyatives. biocides, alcohols,
and complexing ag%r;s. Simultaneous polishing of front and rear sides at

e sEREime (OSP)hs AGEthe Siibfect matteroftHE ifivention 2AESSHding”
tathelinvention, sheach ease vorly-ong sideasfitiie semicondectof avafeniss ,

pracessed sisreach procassing step. faurthermore; the: method acegrding s,
to thesg]ven'g_ion can eq%agllg be carried ou{ on sin%e-platedand multi-plate
p%ﬁs?hlnéﬂr?ﬁa“c%‘fﬁess’. The u“secéfl%%fti-pla?e SSI}ils%”?ng machines ﬁéj\l}{}ﬁgexmg
preferdbily two, especially preferably three, polishing plates and polishing
heads is preferred.

Simultaneous pelishing of front and rear sides at the
same time (DSP} 1s not the subject matter of the
invention. Accoerding to the invention, in each case
only one side of the semiconductor wafer is processed

in each processing step.

Furthermore, the method accerding to the invention can
equally be carried out on single-plate and multi-plate

polishing machines.

The use of multi-plate polishing machines having
preferably two, especially preferably three, polishing

plates and polishing heads i1s preferred.

Different polishing pads and different pelishing agents

can also be used in thisgs case.

In the method according to the invention, a polishing
pad containing an abrasive material bonded in the
polishing pad (FAP or FA pad) is used in each case in
steps a) and b).

Suitable abrasive materials comprise for example

particles of oxides of the elements cerium, aluminum,



Different polishing pads and different polishing agents can also be used
in this case. In the method according to the invention, a polishing pad
containing an abrasive material bonded in the polishing pad (FAP or FA
pad) is used in each case in steps a) ad b). Suitable abrasive materials
comprise for example particles of oxides of the elements cerium,

aluminum, - 16, silicon zircon(ijum apgipc tclesogf hard({n%te[ialsis%ch as

i
silicon carbidé; boron nitridé and diarmond: Particulary suifabie p(‘%llsﬁninsgu”h

padls habe@ Buface® 16sography shapéd by teplicate-microdtructures.

These microstructures ("posts™) have for example the form of columns

nsyingia cylidioal gt polygonal gross section e form.of Pyfamids of ..
truncated pyramids. More detailed descriptions ,fasuch polls@mng pads are

c%ﬁ%ﬁé&%%xéﬁ@&e% WO 99PE3680°ARShd LS 960572 856G Al Theese
uséof cetivmcaoxide partitlessharidedrin the polishingipad és particulany of

peefered, of, alsa, JS660211/B1 . The average paticle size.0fdhe so v i on
abrasives contained in the FAP pollshlngﬁpad %g)referably .1-1.0 pm,

particui&ry preterablyd 1566 Bin “and éSpedtaii pheferdbty'®:1-0.25 pm.

A stock removal polishing pad is preferably used in step c). What is
suiable Mt@@%ﬁp%iitméﬂ\’?dn@f %@T]@{Qﬂa p@&i&hi@gﬂ@?d fromitheare
SUBATM series from Rohm & Haas, e.g. the. SUBATM "st

p%%i J?%F%e ypicaﬁ P gﬁ%rﬂ?nlgepad ](A%nisﬁ\]ngg p:% /s}uc a(ljs th((zif'\%PM‘—md
31B04Fdm RodelFy However, an FAP polishing pad as in step b) of the

The use of cerium oxide particles bonded 1in the
polishing pad is particularly preferred, cf. also
US6602117R1.

The average particle size of the abrasives contained in
the FAP polishing pad 1s preferably 0.1-1.0 um,
particularly preferably 0.1-0.6 um, and especially
preferably 0.1-0.25 pm.

A stock removal polishing pad is preferably used in
step c¢). What is suitable for this purpose 1is, by way
of example, a polishing pad from the SUBA™ gzeries from
Eohm & Haas, e.g. the SUBA™ 1250 ("stock pad"™), or a
typical CMP polishing pad {"finishing pad") such as the
$PM 3100 from Reodel®.

However, an FAP polishing pad as in step b)) of the
method according to the invention can aiso be involved,
that i1s to =ay a polishing pad which, in contrast to
the stock removal and CMP polishing pads, contains

bonded abrasive material.

In processing steps b} and c¢), therefore, the same
polishing pad can be invelved or different polishing

pads can be used. An FAP polishing pad can therefore be



method according to the invention can also be involved, thatis to say a
polishing pad which, in contrast to the stock removal and CMP polishing
pads, contains bonded abrasive material. In processing steps b) and c),
therefore, the same polishing pad can-be involved or different polishing
pads can be used. An FAP polishing pad can therefore be - 17 used in

step c¢). However, it is al referred tq use a_CMP polishin d..in ste

dSJ, 2 %I\/iﬂ p(S)ﬁsﬁﬁné: Eédiigoﬁseéfcf%’.g.%e@ﬁc%%(g ﬁ%meRv%ggl(rs,owﬁli%% &
cotffaimsheé Horbed abfasives. Step d) corresponds to a conventional

CMP polishing step. Preferably, in a final phase of the polishing,

prefer, 510 30Q,s r .sybstrate is lifted from the polishing, plat
thfzl (ﬁg%%ng&grésgaurg %@rg%@ugé%‘rﬁ;ﬁgl agscé 1%%/0 adr)lsciet%}e‘ sﬁbgt'raték% Sew
céﬁﬁﬁue%rtsmb@ﬁa%%@d with 8 rédiitedpbiistiiRg pressare dHiiF aftedes -
offdfegm the palishirg plateldt isclikewise-prefermed toneleancthe palishinging
pad. with a cleaning agent by distributing the cleaning agent on the
polishing pad with the aid of an open- pored foam body. This is preferably
done in situ, that is to say during the polishing of the substrate. The pad
cleanisg diffeys fromra pad cofAditiohing byadrtue ofthe faet thatthe fbamy,
hedy HoesHof contain any (Abrasive fpaterialg bondgdthereto. Ins 11 rreq
pjl_gi:rggi le any elgiticsglggtic foargthavingha@n open ceullstructure is . :
suita e,n%or exgmpfe p‘olyarellﬁane?éams, pol wﬁ“yJI "alcofol foams < *+°
poRsiiefie Foams,; siliRBié fodinis, Epoxy foamslaiensformaldehjdecs to
feamg,qiolyimide foams, qolybenzimidazole fodms,ifeamshased:on until

PRepolics orr from the polishing plate.

It is likewise preferred to clean the polishing pad
with & c¢leaning agent by distributing the cleaning
agent on the polishing pad with the aid of an open-
pored foam body. This is preferably done in situ, that
1s to say during the polishing of the substrate. The
pad cleaning differs from a pad conditioning by virtue
of the fact that the foam body does not contain any
abrasive materials bonded thereto. In principle, any
elastic plastic foam having an open cell structure is
suitable, for example polyurethane foams, polyvinyl
alcochel foams, polystyrene foams, silicone foams, epoxy
foams, urea~formaldehyde foams, polyimide foams,
polybenzimidazole  foams, foams based on phenolic
resins, polyethylena foams, polypropylene foams,
polyacrylic foams, polyester foams and viscose foams.
The polishing agent used in the respective polishing

step 1s suitable, in particular, as cleaning agent.

What 1is essential to the invention 1s the sequential
applicaticn - relative to the respective side of the
wafer (front side or rear side) - of polishing based on
fizxed abrasive polishing technology, using a template

holding system with workpiece excursion.



resins, polyethylene foams, polypropylene foams, polyacryiic foams,
polyester foams and viscose foams. The polishing agent used in the
respective polishing step is suitable, in particular, as cleaning agent.

What is essential to the invention is the gequential application - relative to
the respective side of the wafer (front side or rear side) - of polishing

based on fixed abrasive polishing technology, using a template holding
system with workpiece excursion. - 18 The wafer edge can thereby be
inflentéd fira Bitgeteds hahRErMvrderthiis i senthrdesited géomatried
p(f@pﬁt‘ties of the pelished semisonductoswafer: e twespelishingssteps: ry

Oa&%awe rear-sid @Qm@daggmecggahé@&w% fgcmetwo
coor u

nated with one another such that even more targete encin

the wafer gebnietRPand Wadér nanotdpoiédy Carthé eﬁé?fo’?ﬁr%%l iRthisS11ing
way Furttlrermore wisertisuchaskegsie htial, polishingois carriedd butopr@ with

mlti-plate single-side-palishingdpaching,. for %@%@Q@%@ﬂPGEHCLng of
"R flectlon" gpe from Ap lied Materials or the " 300 Apollo” type from

etsr Woltsrs, RENISBUNG Yis st Iew%f%§am%@%50%8§ﬁg§m typical e
DS polisking Step-éarstivenvbe obviated since both the
geometry-determining polishing and the nanotopology-determining
p [ re ¢ rrled out com letely on Qne d th same machlnet e.
fpgeqp%%sgﬁlng oth of%tlﬁe wafer regr Fside andT ftheéL wa er front” smfeg(l?rlea
efféctetcomnpletelioR bRk SpdlishfheEmatHmeP provision s mage oia, Tor
devicerfor patating ¢the waters omer instheimachine. Such devices a-lied

kpown.in the waer indystry.Rygferaply, apintermediate step for geometry,
Wolters, Rendsbunrg, is suitable, for example, an
upstream typical DSP polishing step «can then be
obviated since both the geometry-determining polishing
and the nanotopology-determining polishing are carried

out completely on one and the same machine type.

If the peclishing both of the wafer rear side and of the
wafer Zfront side is effected completely on one
polishing machine, provision is made of a device for
rotating the wafers on or in fthe machine. Such devices

are known in the wafer industry.

Preferably, an intermediate step for geomety
measurement 1s provided after a first polishing of the
rear side of the semiconductor wafer. The polishing of
the front side of the semiconductor wafer i1s then

adapted on the basis of the geometry measurement.

To summarize, the invention affords the following

advantages:

The outer wafer edge region can be influenced in a
targeted manner. The invention leads to an improvement

in the locel geometry in a range of less than or egual



measurement is provided after a first polishing of the rear side of the
semiconductor wafer. The polishing of the front side of the semiconductor
wafer is then adapted on the basis of the geometry measurement. To
summarize, the invention affords the follpwing advantages: The outer
wafer edge region can be influenced in a targeted manner. The invention

s 4o g mproverment I hg local.gegmelty n aange of less thapor .,
equal - 19 to 2 rhm edge exclusion, in particular of Iess than of ‘equalto |

A &g e Excludioh. SrtE pSlishintF $éuence can be significantly

simplified. In particular for the latest generation of wafers having a

diauetsp of 480 mn e pethodacgoring 1, M iveian usafiors.q.
significant advantages with regard to product'costs as well. In particular

the' corplete Pofighing Bt the tgé%ic&ﬁ&t‘?&ﬁr WARST G 66 Barriet oUfire s
ohatype ofa palishingtrmachide B\bmearns of @comignad polishingrding te

method. Bath the stoek remavat polishing and the haze-frep.pelishing itn
take plrage on the sgme_ty e Q{Spolishin machine. The DS? process
ia

cﬁgt%?nary%%rgt%?or%% obviated 1t has ]bie‘en shown that the use of a

cafrier i & Htewipldte and-the reafizatiore6a wdrkpiec& exeursiort in - the
ceabination with thewuse-of s§ininglasticaand hardpelisbingagds eige of
particularly advant s. Therefar e bination of.single-side . _, .

p%ﬁs%ﬁiigyl@% Q%%&%ﬁgl %ad??@m%l%fgg %]arr%r%rgy%stler%?a%% vr\1/8%|<pie"3€(;i rshing
SRelsish is Be8entidl fo theSiRtvert®RCOTRe edfe r6i-ofTthalis t&63gy ifere-
déceeasedn ithickness towardthe edge of the semiconduetonWafer] i shing

machine. The DSP process customary Theretofore is

obviated.

It has been shown that the use of a carrier with a
template and the realization of a workpiece excursion
in combinaticon with the wuse of stiff, inelastic and

hard polishing pads are particularly advantageous.

Therefore, the combination of single-side polishing, FA
polishing pad, template carrier system and workpiece

excursion is essential te the invention.

The edge roll-cff, that is to say the decrease in
thickness toward the edge of the semiconducter wafer,

can ke reduced.

Example

All the polishing processes presented below are carried
out using a whole-area carrier (no membrane carrier, no

multi-zone carrier) eqguipped with a template.

The carrier baseplate itself can have a planar, convex

or concave form.



can be reduced. Example All the polishing processes presented below
are carried out using a whole-area carrier (no membrane carrier, no
multi-zone carrier) equipped with a template. The carrier baseplate itself
can have a planar, convex or concavesfgrm. - 20 A 3-plate polishing
machine such as the AMAT Reflection from Applied Materials, Inc. is

uged as (e polishing, machine, 4 olisning ofthe fear sige.offhe ..
semiconiductor “wafer wlfﬁ’worakplecé excursion: Use of an poﬁlshn‘g =on
padWfith’siPavérdgd!paficle size of tife abrasiVée B£0.83int: FhezbippBiomg
anaabrasive-free polishing agent, e.g. dilute K2CO3. A second partial
polishing step for the rear side of the semiconductor wafer is optionally

effected on the same polishing pad, but with the supply of a silica sol,

ey, GRMZOR Y08, iPordérd seétIRé rofighfiess ‘of thaSvafsiTésids o
avtaligeted nmannerxBrPelishing ofitheifront side of the semiconductor

wafer. in three steps: B.l. Plate 1 equipped with FAP polishing pad, supply
of a dilute alkaline solution, far example based on K2CO3 B.2. Plate 2
eqiifppéd with' stéck rEmbYaToIEhiRG Pad (51y. Stiba™ 2503 8uppiyof &' ©
pdliskingcageritheontiniing Ebeasivés, preferably-sili€asol angrdlkaling 2n

sehion: B3. Plate 3dypisak GMPshaze-freg polishing,EMR: pelishing
pad (e.g. SPM 3100) and CMP polishing agent. What is suitable for this

purpose is, by way of example, a polishing pad from the SUBATM series
fiomsecond partial polishing step for the rear side of

the semiccenductor wafer is optionally effected on the
same polishing pad, but with the supply of a silica
sol, e.g. Glanzeox 3900, in order to set the roughness

of the wafer rear side in a targeted mannsr.

B. Polishing of the front side of the semiconductor

wafer in three steps:

B.1. Plate 1 eguipped with FAP poclishing pad, supply of

a dilute aikaline scolution, for example bassed on K,COs

B.2. Plate 2 equipped with stock removal polishing pad
(e.qg. Suba 1250}, supply <¢f a polishing agent
containing abrasives, preferably silica sol and

alkaline solution.

B.3. Plate 3: typical CMP haze-free polishing, CMP
polishing pad (e.g. SPM 3100} and CMP polishing agent.
What is suitable for this purpose 1s, by way of
example, a polishing pad from the SUBA™ series from
Rohm & Haas, e.g. the SUBA™ 1250 ("stock pad"), or a
typical CMP polishing pad ("finishing pad") such as the
SPM 3100 from Rodel®.



‘Rohm & Haas, e.g. the SUBATM 1250 ("stock pad"), or a typical CMP
polishing pad (“finishing pad") such as the SPM 3100 from Rodel(r). - 21
Commercially available polishing pads are e.g. the SPM 3100 from Rodel
Inc. or the pads of the DCP series and,also the pads of the brands
IC1000T1, PolytexTM or SUBATM from Rohm & Hass. As an alternative

to.B. 2, . the palishing of the front_ side of.the semiconductor wafer can b
c%tcr)rrlfgnde g&tllgiﬁ "ﬁ?ea%gao %a%-is%g%o&ojﬁgﬁfh% rbcess. ﬁlrt%isec'a%é, 'Eﬁﬁee Sew
pofisting 568H B298Ad IRECMP polishirkfB 3. take thiac@R ofrdrtFthand
same-palishingzpad.dfa GMPpodishing Ja0is 1ised insteps B'2. and 8.3Ba™

the following procedute is preferred: In step B.2., a silica sol having a
higher solids concentration, e.g. Levasil 200, is supplied in a pH range of

greater than or equal to 11, in order to ensure a higher removal rate. This
step servesliveeliminate thecmigrddamages Tive LEVASIE(r)odrodets frommt

H Ca Stasgk argcollidal- dispersigns gksilicon dioxide.particles and gre 1y
produced and supplied u%) to alconcentratlon of 50% ﬁepggedlng on the h
ype Duritig the TRIPPOTisRIRG: 3 typicalrtCMPIolishing agent suehs “e
GlanZex3900 is sappli€d 2havingh pHvaluest Ioctbiathmost 12.- Fhis take
stapwihalonnremoval rate sefvesiern produeing@ssurface polished in
haze-free fashion. Glanzox 3900 is the product name for a polishing

aggnt slurry offered as a concentrate by Fujimi Ingorporated, Japan. The
c hc@nt%ﬁé\ hgﬁﬁé%ﬁﬂ%f 38% dontaifi§ Sapproximaksly 89 by #eight of - -
coleidatSiD2-havinggancaedure is preferred:

In step B.Z2., a silica sol having a2 higher solids
concentration, e.g. Levasil 200, 1is supplied in a pH
range o¢f greater than or equal te 11, in order to
ensure a higher removal rate. This step serves to

eliminate the microdamage.

The LEVASIL® products from H.C. Starck are colloidal
dispersions of silicon dioxide ©particles and are
produced and suppliied up te a concentration of 50%

depending con the tftype.

During the CMP polishing, a typical CMP polishing agent
such as Glanzox 3900 1s supplied, having a pH value of
10 to at most 11. This step with a low remcval rate
gerves for producing a surface polished in haze-free

fashiocn.

Glanzox 3900 is the product name for a polishing agent
slurry coffered as a concentrate by Fujimi Incorporated,
Japan. The concentrate having a pH of 10.5 conteains
approximately 9% by weight of colloidal $i0; having an

average particle gize of 3C to 40 nm.



average particle size of 30 to 40 nm. - 22 If a stock removal polishing pad
is used in steps B.2. and B.3., the following procedure is preferred: In

step B.2., a silica sol having a higher solids concentration, e.g. Levasil

200, is supplied in a pH range of greates than or equal to 11. The

polishing duration is significantly reduced. This step serves to eliminate

t m&iacrosq_%rg%g% with anlincrefl%gg lr%mov%I rate. During the CI\QP B 2
polishing, a typicalegﬁl‘ﬁapolgﬂmg ager% ?uc% das Glanzox 3800 15°F° == <+
sappliett, having & pFoval G 679 (Pecatafiestel 1 Therpolishirertime during
CMP is increased owing to a lower removal rate. This step serves to

Pigrluce g suriace polished o iaze free faspian, Jhe Rrocess,can be o1 ;s
realized on one and the same_polishing machine -here a 3-plate -

pORSKiRG Madhié of the“RefleeliGr fybe {AMAT Corg YRMATReHactdbn PH
(3-plate palishipgerachine) fampalishirg thelrearcsidelan @ate 1pdtheming

turn semisonductar wafer 2 1hen 3-platg polishing of the. front side (platey.
1, plate 2, plate 3). Plate 1: FAP polishing pad; K2CQO3 solution (dilute);
GB350 PIatE 2764 -SHBE 550 fdiching paciaHeF S&RGard = croval
rémbwal polishing agent; Glanzox 3900 Plate 3: e.g. SPM 3100 polishing
pad and Glanzox 3900 23 - Patent claims: 1. A method for polishing a

cEICOREA0T sator 55 mhebas o1 & boRGINng Rhd HeI i A G 29°7
such as Glanzox 3800 is supplied, having a pH value of
10 to at most 11. The polishing time during CMP is
ilncreased owing to a lower removal rate. This step
serves to produce a surface polished in haze-free

fashion.

The process can be realized on one and the same
polishing machine - here a 3-plate polishing machine of
the Reflection type (AMAT Corp.):

AMAT Reflection {3-plate polishing machine) for
polishing the rear side on plate 1 — then turn
semiconductor wafer -» then 3-plate polishing of <the
front side (plate 1, plate 2, plate 3).

Flate 1: FAP polishing pad; K;CO3; solution (dilute);

Glanzox 32800

Plate 2: e.g. Suba 1250 polishing pad and standard
removal polishing agent; Glanzox 3900

Plate 3: e.g. SPM 3100 pclishing pad and Glanzox 3900



polishing plate and which contains fixedly bonded abrasive materials,
while a polishing agent is introduced between that side of the
semiconductor wafer which is to be polished and the polishing pad,
wherein the semiconductor wafer is_heJd during the polishing by means
of a holding system, which is fixed on a carrier and which comprises a
Iigg%cu@uéﬂgfg&s_ize of the semiconductor wafer to be received, in the
cutou %y means of adhesion by the side that is not to be polished, and
the carrier is guided such that the semiconductor wafer temporarily

projectsavitima pastof is surfaee beyand thesurdage ebthepolishingpad -,
g e palishing, 2. Amethag for he dauble-side poIshing o8 . et
semiconductor wafer, comprising the following steps in"the stated order.

aY poichirty of EFdHT sitfe ot tHePeemmiicbRaudtdfwitet By méarfssra on a

potishisg pad whith is=fixeg-ah a wrhajishingcpiat@mwhi@hmﬂ@in_s bonded
fixedly bonded abrasive, materials, wherein,a palishing, a f I};OA&%% is

that is free of solids is introduced between the rear side ofthe -~
sefhicottictst watel aid te' félishirt pad durifg $HE boR&HiHG Step; B F°
stdckaemovaltpolisking ©f tefrontaside ohthe rsemisondygctorwaferipyrein
means:fr; pelishing pad which, is: fixedbqn; a pelishing plate and;whichy 1y
cgnta%rgss g e%ly }QOTded abrgsisvee%ate&rg!s wherein a ollshlng“a(\?:en;ri
sofution that i$ fre€ of sofids s iﬁ:trpduced‘ggtw%%n Hé front 8ldé of the™ =~
sefficonducior Aaferrarte theepolishing padtduting e polishinzste;ic) the
remevakefdhe imierorpupbnessdropethe dront sisle, of ithe semicenduater by
mﬁg%%gyp8ksmggﬁggy%ﬁonhydefﬁ%l side that 1s not to be
polished, and the carrier 1s guided such that the
semiconductor wafer temporarily projects with a part of
its surface beyond the surface of the polishing pad

during the polishing.

2. A method for the double-side polishing of
semicenductor wafer, comprising the following steps in
the stated crder:

a) polishing of a rear side of the semiconductor wafer
by means of & polishing pad which is fixed on a
pelishing plate and which contains fixedly bonded
abrasive materials, wherein a polishing agent solution
that 1is free of scolids is introduced between the rear
side of the semiconductor wafer and the polishing pad
during the polishing step:

b} stock removal polishing of the front side of the
semiconductor wafer by means of a polishing pad which
is fixed on a polishing plate and which contains
fixedly bonded abrasive materials, wherein a polishing
agent solution that is free of solids is intrcduced
between the front side of the semiconductor wafer and
the polishing pad during the polishing step;

c) removal of the microroughness from the front side of

the semiconducter wafer by polishing of the front side



of the semiconductor wafer by means of a polishing pad which is fixed on

a polishing plate, wherein a polishing agent slurry containing abrasive
materials is introduced between the front side of the semiconductor

wafer and the polishing pad during the pplishing step; d) final polishing of
the front side of the semiconductor wafer by polishing of the front side, of
the_semiconductor wafer by means of a polishing pad. which is fixed on a
p8 |sh4€|:rriljlgepl3?(—53l and r\}v%lil&wtc%ntgi%%seﬁﬂo% rasive at%ﬁaI"abo%%lti:(Jil?ll:nl e pad
pBlishig pad, wherdn a polishifg ageatslioryContaifing abrasherein a
maderials is:introguned betwash therfrant sideyofibe asermiconeuetor waler: s
ang the palishing pad during the polishing. step; whereinthe . ;oo qycvor
semiconductor wafer, at feas_t uring steps ‘a) to C), is held %y means of a
hBRA systemt WhidtP i fikdd 8nRecarfisr ahd which BompRsés 4 linkar
cutout of the size pbthessemigonductor wafer tofbe rreceived;iin the eutouthe

by.means of adhesion by the, sidg thatjs not to he palished. and the ;. ¢

carrier is_guided such that t'heremlconductor wafer_temporarily %%)Jeds )
witha p%??mﬁ-f&”&matc%rbev&n&ﬁqe rfdte? BFthé polBhiy pad g P23
tha pelishing. 81¥hd nethed asélahed in clait ¢ o] wheieih theontains
cutout of thesheldingrsystem.s defiited by a fing. the heldingsystem has;,
no,pressure chamcpeis %vjhgtsoeveéngg Whi%hr ressure can be a p|l%d, and
the ring 1s not pressed agansttHe polishing’ pad with'a eotatt pressire:
ANFRETASthBd &5 claithe@ A afy ot GaNES T to-3.c wherairt that Searface ofhe
the-putout afitheholdiag systemavhich-coprgsi ipto eentast with that:sidet he
ogjgygigggﬂ%o%ggr wafer which is not to be polished, and
wherein the semiceonductor wafer, at least during steps
a) to ¢}, is held by means of a holding system, which
is fixed on a carrier and which comprises a lined
cutout of the size c¢f the semiconductor wafer to be
received, 1in the cutout by means of adhesion by the
side that is not to be polished, and the carrier is
guided such that the semiconductor wafer temporaril
projects with a part of its . surface beyond the surface

of the polishing pad during the poclishing.

3. The method as claimed in claim 1 or 2, wherein the
cutout of the holding system is delimited by a ring,
the holding system has no pressure chambers whatsoever
to which pressure can be applied, and the ring is not
pressed against the polishing pad with a contact

pressure.

4. The method as claimed in any of claims 1 to 3,
wherein that surface of the cutout of the holding
system which comes into contact with that side of the
semiconductor wafer which i1s not to be pelished, and
constitutes a bearing surface £for the semiconductor

wafer, comprises a pressure-sensitive adhesive.



constitutes a bearing surface for the semiconductor wafer, comprises a
pressure-sensitive adhesive. - 25 5. The method as claimed in any of
claims 1 to 4, wherein the bearing surface of the holding system
comprises a soft material, preferably a-pglyurethane having a hardness of
20-90 according to Shore A. 6. The method as claimed in any of claims 1

ta 5, wherein the bearing surface of the holding system is moistened
bqgfore the %erﬁ%%%ﬁgﬁctogréwa?gﬁ%rﬁ?t%dﬁIcleda?rXo t%g cﬁ?b%%g? thg o 4
hSléfiG dystem 7. Thedhéfiod £&Eamied irtdny belaims | 6:6.9 whersirem
thessemicoaductor wafer tenaperarilyiprojeets rwithipayt obitsases beyond e
e,ed9e, oL e RAINING PadYIRg e palging Rordsrioadhieve a
comprehensive utilization of the entire surface ofthe polishing pad during
the polishing. 8. The method as claimed in any of claims 1 to 7, wherein a
pélishin§'pad ventainingazondéd abeasivenmateyialds likedsenased inco 3,
sigp0)= 9 Themethod asclaimgd 4n apy ofrclaims 140 B, whereina o, ;5

ining no bonded abrasive materials is uséd in"step c).

polishin%ﬁga% contfl ) ik ] ).
1811 Midthod &S Lhimed T &Y oF IS 16 9 Wtetein The'abraSes =<
of tHecalrasivevdoritaininy potistiing padls afe seltted from the group
consisting of particles of oxides of the elements cerium, aluminum,

silicon o,.g:,zwconu_itrr or contain particles of hard 3rfna’g)eglalfgﬁsu__crrasas flllgcoon 6

o . ine  me as. C ClLai
carbide, boron nitride of diamond. -

wherein the semiconductor wafer temporarily proiects

4

with part of i1ts area beyond the edge of the polishing
pad during the peclishing Iin order to achieve a
comprehensive utilization of the entire surface of the

pelishing pad during the polishing.

8. The method as claimed 1in any of claims 1 to 7,
wherein a polishing pad containing bonded abrasive

material is likewise used in step c).

9. The method as claimed in any of c¢laims 1 to 8§,
wherein a polishing pad containing no bonded abrasive

materials is used in step c).

10. The method as claimed in any of c¢laims 1 to 9,
wherein the abrasives of the abrasive-containing
pelishing pads are selected from the group consisting
of particles of oxides of the elements cerium,
aluminum, silicon or zirconium or contain particles of
hard materials such as silicon carbide, boron nitride

or diamond.



