Method for Producing a Semiconductor Wafer The invention relates to a method for producing a
semiconductor wafer. In particular, the invention is intended for polishing semiconductor wafers of the
next technology generations, primarily wafers which have a diameter of 300 mm or more, in particular
a diameter of 450 mm. At present, polished or 10 epitaxially coated semiconductor wafers with a
diameter of 300 mm are used for the most demanding applications in the electronics industry. Silicon
wafers with a substrate diameter of 450 mm are in development. 15 An essential reason why the
electronics industry desires larger substrates for the production of their components, whether

microprocessors or mefBRreRip§ore SFEEHF e Aot E BRGNS HR%a &ge which they promise.

In the semiconductor industry it has for a long time been customary to focus on the 20 available

substrate 423, g1, I el words fo.copsider iow,areaf AnymBer, ol egmRongnis. Lealoai ehips or
memory chips, can be accommodated on an individual substrate.” This™is related to the fact that a
multiplicity®f #¥e component manufacturer's processing steps are aimed at the entire substrate, but

there 25 are also the individual steps for structuring the substrates i.e. producing the component

structures_which stuibse%qauentlg lead to th individual.chi%slpaebr&d g:erefor IQ% &[ioduction costs for both
arly by

groups of]br?ogggsmé: kS eﬁ:s' arehget%?%?ﬁle& %‘ryigaﬁﬂ%ﬁ Y& sdbstrate size. The substrate size

30 influensesthepioductibrredsts e Eohiporiattto teedryroraitaraber@téntiand is therefore of
immense gcopamia IMpAaRGE wh HOWRKS!. inCreasing e subsiiate gianetereptailsigreat and 35
sometimes entirely new, hitherto unknown technical problems. 2 Lastly_all the processing steps,
whether tR&F 5r& Purdly nESHHIcA sairty %rm1n@‘,tiaB'prﬁﬁ?,ngherﬁ%&ﬁﬁiﬁ%ﬁ?cleaning) or
chemical-srechanical Iy natwreggoksmngpasweibas the thesmal phoecesdesriepraxy farEaling),
require tharough,S revigiop. in padicylaravith respact 4o fhe machines,and sysigms (equipment) used
fOrthem.alezc:1:‘1.:c:w1.‘13'.c:15; industry. Silicon wafers with a substrate diameter

of 450 mm are in development.

15  An essential reason why the electronics industry desires larger
substrates for the production of their components, whether
microprocessors or memory chips, resides in the enormous
econoumic advantage which they promise. In the semiconductor
industry it has for a long time been customary to focus on the

20 avallable pubstrate aiea, or in other words to consider how
great a number of components, i.e. logic chips or memory chips,
can be accommodated on an individual substrate. This dis related
toe the fact that a multiplicity of the component manufacturer's
proceséing steps are aimed at the entire substrate, but there

25 are also the individual steps for structuring the substrates
i.e. producing the component structures which subseguently lead
te 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

30 influences the production costs per component to a very
congiderable extent, and is therefore of immense economic

importance.

However, increasing the substrate diameter entails great and

35 sometimes entirely new, hitherto unknown technical problems.



The present invention focuses on the polishing of a semiconductor wafer as the last essential
processing step when W the wafer is intended for the production of memory chips, or in principle as
the penultimate essential processing step which precedes epitaxy of the wafer, when the wafer is
intended to be used as a so-called ep; wafer for the production of modern microprocessors. 15 The
Inventor has discovered that the process of polishing 450 mm wafers also requires a fundamental
change. Those polishing methods known in the prior art which will be taken into consideration for

defining the new polishing process will be 20 presented below. This essentially involves modifications
of the con¥@fifidHafy tisEBEFPES BT HtibRs 8Ried YORSHISF (D5PY ad® Hewiiga¥mechanical

polishing taMParvbich insane tase gomprisesnolisiing keih sidesrof fagemisosigietor wafer by means
of a polishing pad while supplying a-polishing agent as a stock 25 polishing (DSP step) and in the
other case TR SRS oo T B D e e TR S Cof iy BER soereslshing pad
as so-called finlsh pokshing (ST SESHS bl eRsbEati iAW dtdall s dixbtcalaairipblishing”

(FAP)stechrelogiasin Whichstheisamisengduetor veafgr is pelished-omma39; palishing pad which,
however, contains an abrasive s%bstan%fh?ound in the polishing pad (“fixed-abrasive pad”). A
polishing &%Eﬁﬁ%igﬁ?ﬁmaeﬁ} AP B6fisHING pad & used will be referred to below as an FAP step for
brevity. roughness. In CMP, a softer polishing pad is used than in DSP. Furthermore only one side of

the semicanduciop wafer is-palishedbymaans-otGM% damaly i sidean which components are
subsequently intended to be fapricated. The prior art also 5 refers to finish polishing. CM.? methods

are discloSET 1O RIARTOE, HEOE2GHD-5677038 Arftfhi TS Tob b sss A RO 66B 54837l describes
a twadstagehpolishiing nethodowitid edirSoEAfhpolshidg stepanc & susequenhseeoned LR polishing

principle as the penultimate essential processing step which
precedes epitaxy of the wafer, when the wafer is intended to be
uzed as a so-called ep; wafer for the prodﬁction of modern
microprocessors.

15
The Inventcr has discovered that the process of polishing 4530
mn wafers also requireé a fundamental change. Those polishing
methods known in the prior art which will be taken into
congideration for defining the new polishing process will be

20 presented below. This essentially involves modifications of the
conventionally used methods of double sided polishing (DSP) and
chemical-mechanical polishing {(CMP), which in one case comprise
polishing both sides of a semiconductor wafer by means of a
polishing pad while supplying a polishing agent as a stogk

25 polishing (DSP step) and in the other case final polishing only
of the frontside {(the "component side®) by uszsing a softer
pelishing pad as so-called finish polishing {(CMP ste?), but
also relatively new sco-called "fixed-abrasive polishing" (FAP)
technelogies in which the semiconductor wafer is polished on a

36 polishing pad which, however, contains an abrasive substance
bound in the polishing pad ("fixed-abragive pad"). A polishing
step in which such an FAP polishing pad is used will be

referred to below as an FAP step for brevity.

35 Begides DSP, in the prior art so-called C(MP polishing is also

necessary in order to eliminate defects and reduce the surface



10 step. In CMP the polishing pad contains no fixed abrasive substance. Here, as in a DSP step,
abrasive substance in the form of a suspension is introduced between the silicon wafer and the
polishing pad. Such a two-stage polishing methodis used in particular to eliminate scratches which the
FAP step IS has left behind on the polished surface of the substrate. EP 1 717 001 Al is an exaMple of
PAP steps also being used for polishing semiconductor wafers, on the surface of which component
structures have not yet been formed. Polishing such 20 semiconductor wafers is primarily intended to
-generate at least one side surface which is particularly flat and has the least possible microroughness

and nanofPEIERRS - US268%0080566 £ 2T rERtdS I EP AT thSd8 fSiIaRafzing 35 fopographical
surfaces dusing#henpreduction efreleetidricadmpenentsi Thednainatimas femitigate the

disadvan W, rial remev te en using FRS polishing pads of polishing
steps is pt?dgp?o%ssg{ ,%n %yh?ﬁ%%ﬁsﬁggég l(5271531rgﬁéx(g%"t]r},ﬁr%sllltE%v_it l?rig FgA% wgé%gggﬁu%n%%%%%v%ih a 30
polishing &§EntatSFENGsH BndistieReEenty With AATArpaadn cERRINETBATVER & FdiRhing agent
solution. The sedesof stepsis grlibesatehyselastechin esies te increase: thesapterakremoval rate.

Polishing wafers of mate@? ﬁ& g_@%@%%?%%nﬁgit@%e g%%%ﬁ semiconductor wafers, is

35 not disclosed therdin. ewise, also disclosesméthod for planarizing
topographical surfaces during the production of electronic components. Here, the key point of the

invention igtheserdpaint Facogniion IBGMP MAIhgdsgAS SHNANA-BNUARAIALY with a
first FAP polishing step and a subsequent second CMP polishing
10 step. In CMP the polishing pad contains no fixed abrasive
gubstance. Here, as in & DSP step, abragive gubstance ‘in the
form ¢f 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

. 1%  has left behind on the polished surface of the substrate.

EP 1 717 001 Al is an exaﬁple of FAP steps alsc being used Ior
polishing semiconductor wafers, on the surface of which
component structures have not yet been formed. Polishing such
20 semiconductor wafers is primarily intended to generate at least
one side surface which is particularly £lat and has the least

possible microroughness and nanotopography.

US 2002/00609967 Al relates to CMP methodg for planarizing

25 topographical surfaces during the production of electronic
compenents. The main aim is to mitigate the disgadvantages of
low materisl remowval rates when using FAP polishing pads. A
seguence of polishing steps is proposed, in which polishing is
carried out first with an FAP pad in conjunction with a

30 polishing agent suspension and subsequently with an FAP pad in
conjunction with a polishing agent solution. The series of
steps is deliberately selected in order to increase the
material removal rate. Polighing wafers of material with a
homogeneous composition, for example semiconductor wafers, is

35 not disclosed therein.



5 recognition involves terminating the polishing and therefore the material removal promptly before
material is removed from regions which are specifically not intended to be polished. To this end, a
two-stage method is proposed for polishing a copper layer. In a first step it is polished with an FAP
polishing pad, in which case the polishing agent optionally may or may not contain free abrasive
_particles. In the second polishing step in which it is likewise polished with an FAP pad, however, the
use of a polishing agent with free abrasive particles is essential. 15 German Patent Application DE 102
007 035 266 Al describes a method for 1%gqelishing a substrate of silicon material, comprising two

polishing &R biiRe PP Q3 RARET diiferdn BRatH BERSHIAG ot SRESHSFediEN which contains
unbound 20 fbsasive sybstanesraspisalitl isiRtfeducedibetiveenthe sihsitaie aag the polishing pad
in one polishing stem- while in the seco olishing step the polishing,agent suspension.is replaced by
 olahing BT SO ORI R e e 28 B8 T e a e pits LEBCE gl BS Laed below
as an umbfeflagafndénpolsiirgaberesuspef3iBndemaqstlishiy dgermsofitiormidaesinection with

the fabricationghsemisonduetorwalers 2@ Ratticidarin semiconoucter waters athea gtameter of
greater th %or eaEuaI to 300 mm - iemicorgdéjftorbvg fers with a diar‘get,er of 450 mg]t;fna in particular
be mentiondd s ThE handling Proparige. trandporot e sehidondictdFRaTSS betheen the

systems, thegéromnial starity, s perd®g Anddihally processing 85ropetiesin thelprdceds sequences
are increagingly grtical, Thisalse appligsdadurther progessing ofthe semicanductor .3 wafers on the
part of the wafer manufacturers' customers in the processes for fabricating semicqonductor
Compone*gyer' In a first step it is polished with an FAF polishing
[0 pad, in which case the polishing agent optionally may or may
not contain free sbrasive particles. In the second polishing
step in which it is likewise poliszhed with an FAP pad, however,
the use of a pelishing agent with free abrasive particles is
esgsential. |
15
German Patent Application DE 102 007 035 266 Al describes a
method for polishing a substrate of silicon material,
comprising two polishing steps of the FAP type which differ in
that a pelishing agent suspension which contains unbound
20 abfasive substance as a solid is introduced between the /
substrate and the polishing pad in one polishing gtepf“whiie in
the second poiishing step the peclishing agent suspension is

replaced by a polishing agent sclution which is free of solids.

25 The expression polishing agent will be used below as an
umbrella term for polishing agent suspensions and polishing
agent sclutions. ‘

In connection with the fabrication of semiconductor wafers,

30 particularly semiconductor wafers with a diameter of greater
than or equal to 200 mm - semiconductor wafers with a diameter
of 450 mm may in particular be mentioned here - the handling
properties, transport of the semiconductor wafers between the
systems, the cruclal storing, supporting and finally processing

35 properties in the process seqguences are increasingly criticzl.

This &lso applies to further processing of the semiconductor



Here, in particular the backside of the semiconductor wafer is 5 a crucial criterion, especially since the
various handling systems, in particular the devices which come in contact with the semiconductor
wafer, necessitate particular backside properties of the semiconductor wafer. Such devices are for
example chucks, i.e. wafer holders which hold the semiconductor 10 wafer firmly on its backside, for
example by means of vacuum suckers, while the frontside is being processed, for example ground.
For systems in which the semiconductor wafer is held in its edge region, it is also important to
configure the semiconductor wafer in the backside edge region so that 15 deformation of the
semicondt@{ciiFafeh caRthe8kElutdr Parttfgdy FriEiicbHEGEDT WIS FIthe Hdktigéneration
with a diapieteeek450 fam, fae pieperties ofdhe vwidubaeksideand-thayafer edge will be crucial for -
this. 20 On the other hand, the backside of the semiconductor wafer is the supporting surface - for
example during transport in boxes (FOUP, FOSE) or during storage or mounting in particular
fabricatioH¢¥Gcessestiai-dcarhple E6&tiMpehatBRroverprRrBsses rsr WhderirMetFslipping of
the semicgnductor 2b walleraierds, sk ayoidery whintber dudng drppspartxloading.er during the
coating procegg.mléastljyr,2 the f(%govl\gfgro%ge %%Q of the Cﬁ'}r mer_should also t%e mentioned besides

the proce&¢ Tnanagement By te water 30 anutacturer” Particuiany c%ﬁ’ic&ﬂ“?eraecgrewdbtr%‘iponent

productioh iprocessesdindviichnhegiopertiesasizhd ek siterdfithe \wafers té processed have a

great inflyencean thessueCass-0T{bR:RIORASS: 83:51GR AEF Ses L Bis aRrpliesder example to all types of

oven processes, The adhesion, of the Ia)L_(ers to be, applied, for .
example chucks, 1.e. wafer holders which hold the semriconductor

10 wafer firmly on its backside, for example by means of vacuum
suckers, while the frontside is being processed, for example
ground. For systemg in which the semiconductor wafer is held in
its edge region, it is also important to configure the
semiconductor wafer in the backside edge region so that

15 deformation of the semiconductor wafer can be excluded.
Particularly for semiconductor wafers of the next generation
with a diameter of 450 mm, the properties of the wafar backside

and the wafer edge will be crucial for this.

20 On the other hand, the backside of the semiconductor wafer is
the supporting surface - for example during transport in boxes
(FOUP, ¥OSB) or during storage or mounting in particular
fabrication processes (for example coating chambers, oven
processes etec.). Uncontrolled slipping of the semiconductor

25 wafer needs to be avoided, whether during transport, loading or
during the coating process.

Lastly, the following on the part of the customer should also
be mentioned besides the process management by the wafer

30 manufacturer:

Particularly critical here are component production processeé
in which the properties of the backside of the wafers to be
processed have a great influence on the success of the process
35 step per se. This applies for example to all tvpes of oven
processes. The adhesion of the layers to be applied, for



6 example oxide layers, depends very substantially on the surface properties, especially since the
degree of reflectivity of a surface to be coated co-determines its emission and absorption behavior and
therefore also the level of heat radiation absorbed®and the process management per se, for example in
the form of long or short coating timas. The properties of the wafer backside have hitherto been
ignored in this regard, to which extend the Inventor has identified a commercial need. 10.
Embodiments of the invention seek to provide semiconductor wafers having defined and

advantagegus backside properties of %le semiconductor wafer. 15.Here, it is unimportant when that -
the Wafer%’%aér%b%esoérlemcaoorjg%?feetéﬁ/ po Ts?’?]eendgl on %%E%o?ig%’l% Hh a“i&hg"lﬁ%r? d trl&a%ve\a/a%ﬁa%ﬁtesides are

accordingly pptistied on asathet polishingnachire, 6ewhether BllthislisCariied Ut bnathe same

polishing machine. 20 Aceordingde the first aspectof the ipverptian,ithere isprovided,amethod for
producin%vagsemiconduqtor,wafgr, com gisingi:y alprovidiqg a semiconductor wafer by cutting a silicon
ingot into TWATRFEC35 BIfOUNTRG tHF Edge TF the Serfitrduttor Wrater &6 ikt 178 semiconductor wafer
comprisesptandstrfaces onahe-frantsklerand bavkside mad reandéd obligaesiefacestinthe edge

region, ¢) palishing the frontside and hackside, of the semiegadystar wafer, the. fopyside polishing

comprising chemical-;méchanical 30 polishing using a poIishinPg\;"N%ad which is free of abrasive fixed in
the polishifi BAdLBEGACEsIHE B IiEAMFSF e SShico ARRASFwaFerrbeifg Tadiéd out f three steps,
in each casgdisiag apalishing padahich contaibd dined abeabive drihe:palstiing gadl.and is pressed
with a polishing '

10 ‘Embodiments .of the invention seek to provide semiconductor wafers

having defined and advantageous backside  properties of . the

semiconductor wafer.

15 ©Here, it is unimportant when that the wafer backsides are
completely polished on one polishing machine and the wafer
frontsides are accordingly polished on another polishing
machine, or Qhether all this i3 carried out on the same
polishing machine.

20

According to the first aspect of the invention, there is provided a method
for producing a semiconductor wafer, comprising:
a) providing a semiconductor wafer by cutting a silicon ingot

ints wafers, '

25 Db rounding the edge of the semiconductor wafer, so that the
semiconductor wafer comprises plane surfaceg on the frontside
and backside and rounded obligue surfaces in the edge region,
c) polishing the frontside and backside of the semiconductor
wafer, the frontside polishing compriging chemical-mechanical

30 polishing using a polishing pad which is free of abrasive fixed
in the polishing pad; the backside polishing of the
semiconductor wafer being carried out in three steps, in each
case 'ﬁsing a polishing pad which containg Zfixed abrasive in the
pelishing pad and is pressed with a polishing

35 pressurs onto the backside of the semiconductor wafer, a

polishing agent which is free of sclids being introduced



35 pressure onto the backside of the semiconductor wafer, a polishing agent which is free of solids
being introduced 7 between the polishing pad and the backside of the semiconductor wafer in the first
step, while a polishing agent which contains abrasive substances is introduced in the second and third
steps, alpstichiny plessprd 668 IBIpSiER thedirsbehdsstontiieps beliy FRIVERRP@B:55 psi in the
third step, Agcording to.the; segond aspegt-afitheinventionnthese is;pravided asemicoadustor wafer
produced by the method of the first aspect, having a polished frontside, a polished,backside and a
rounded%ﬁbﬁ%ﬁ%&é@%ﬁﬁhl& Bﬁ§8§brah% gﬂ‘fatc & oFife FortefieArid Dackside and
oblique roussked surfacdessinithe esigesmgien cdnd whichshss dmavermgbiswfaesdouginmess Raof from

0.05t0 Q.21 %@gdolggggyg@cgg, of its fronyside and gn.ayerage suriace roughness Ra of from 0.3

to 4.5 nm on the plané surfaces of its backside, both expressed in terms 0f a spatial wavelength less
than or equal to 250 um. According to the solution, a semiconductor wafer having a defined_surface
roughne&STHts BACKSIde REprivrded. 7@ persSh sKiftéd inTHE Hrt RhowsThaT thes cSHVERtSimal 2
polishing:methods suchrasistiek palishingddbublersided potishing, DEPY anddinsippotishimgring
(chemical-meghanical pQlishing sEM?) hoth Jead fo semiconductoravafers,with.surface roughnesses on

the frontside and backside in a relatively narrowly limited range. When using a Chapman Surface
Profiler MPI2000' i FheaSTRRGIRE rotighheSSTdrtRE SuTfackS ittt 8750 gm fifter (Siiatiat Waidtengths
longer thawi2%0Q gn-sunavinesstatas ef. Chapmae dechnical dote kG- IyiRev:-0h=09)aananerage
surface roughness Ra,of from 3,fo 8.angstroms is;foupd both fgr the fropisids and far.the, backside of
DSF!=poI|s%ed semiconductor wafers. The Inventor has realized that such low roughnesses for the
wafer batksidEraretACawayS advantatedtss ahorthat RGBS dBsifdblEte™akeé aRiderfrariye
availablejor the: backside mughnress offthesemiserductor wadenthardspessible witheaonyentional
polishing tec@noiogjggéJgﬂlt&aﬁggenggggdgp%g@% pggsging allows this. By means of PAP, it is
possible ((:] agelnaerate an ave?age Surface roughness ﬁ accorcﬁng to Chapman (with a 250 gm filter) of
from 3 to 45 angstroms. This covers a range 10 times larger than is possible by DSP/CMP.
Correspaashingddnghiess:dataspfien Using 80spmi 80miuntd0 praifitersamaydesfound in Figs 1 and

2. defined surface roughness on its backside is provided.

The person skilled in the art knows that the conventional
polishing methods such as stock polishing {(double sided
polishing, D8P} and finish polishing {(chemical-mechanical
polishing, CMP) both lead to semiconductor wafers with surface
roughnesses on the frontside and backside in a relastively

narrowly limited range.

When using a Chapman Burface Profiler MP 2000 for meaéuring the

roughness of the surfaces with a 250 um filter (spatial

i

wavelengths longer than 250 um waviness data, cf. Chapman
Technical Note-TG-1, Rev-01-0%9), an average surface roughness
R, of from 3 to 6 angstroms is found both for the frontside and

for the backside of D3P-polished semiconductor wafers.

The Inventcr has realized that such low roughnesses for the
wafer backside are not always advantageous, and that it would
be degirable to make a wider range available for the backside
roughness of the semiconductor wafer than is possible with

conventional polishing technologies.



S For the invention, it is therefore essential to carry out backside polishing of the semiconductor wafer
by means of FAP, in order to provide the desired defined backside roughness of the semiconductor
wafer. Various types of polishing machines are suitable for this, Or example a 3-plate single sided
polishing machine of the "Reflection” type from Applied Materials Inc. or a 2-plate polishing machine of
the "Apollo” type from Peter Wolters or a 10 1-plate polishing machine of the "nHance (6EG)" type
from Strasbaugh. The frontside polishing in step c) preferably leads to an average surface roughness
Re of from 0.05 to 0.2 nm on the 15 plane surfaces of the frontside of the semiconductor wafer. On the
plane surfaces of its backside, the semiconductor wafer preferably has an average surface roughness
Rs of from_0.3.to 4.5 nm. .expres in terms tial elength less than equal to 250 Am.
Preferab yi,: trl?évil %e?nsfgonncliftfc%ﬁ wg eréls %5%&%@%22? d \%r?#tgvrso%ég‘ing furr?t%wer%tg%ad) at the end
of step ¥ Initheldaseoseptiakidlly CHRFSIRcHMWATES2RPHI BRI Ther SHAFE SHiictn wafers are
heated inamgaggigagg r@acm{mﬁ\@am;m}hgatqu@@, piefeeably by means ofuppes and lower heat
sources, for example | s or banks of lamps, and.subseguently exposed to a gas mixture consisting
of a sour@& %"f)“grél}sg1 %drﬁgnﬁﬁg Asificon %or%%x(l)%en(;]'L ?gilé’r%éns‘),sa %aa)%ﬁéerggéé% ff?)r %%a%%?es ﬁt%'r‘ogen) and
optionallyes d&pi§gas (formxeansiedibararejanhe epitdrsblaybrrs coriventhally depdsited by the
CVD 35 mgthods("chemical vapordepgsition”):By: stanes keigg suppligd:as a source gas, for example
trichlorosilane (SIHC13, TCS), to



9 the surface of the silicon wafer, decomposed there at temperatures of from 600 to 1250C into
elementary silicon and volatile byproducts, and forming an epitaxially grown silicon layer on the silicon
wafer. After carrying out the method, the semiconductor wafer has an average surface roughness R.of
from 0.05 to 0.2 rim on the plane surfaces of the frontside and an average surface roughness R. of
from 0.3 to 4.5 rim on the plane surfaces of the backside, 10 both expressed in terms of a spatial
wavelength less than or equal to 250 gm. Both the fronts de and backside comprise rounded surfaces
in the vicinity of the edge, which preferably have an average 15 surface roughness R, of from 0.5 to 2
nm. If theFsgmidendutisiiafer is plovided Weredn Epitsda safdra tha plarrrslifatds of the frontside

have an @&Eﬁg@@@rwl@ygh@eﬁ %a&fr@mm&em mﬂetbe@aa@aﬁ%fa@ﬁﬁﬁo the
backside have a avera surf

é\ 01'3‘ %n §tg % nﬁ both e ressed terms of a
spatial wavel&fi IeEg 5?? ot e(au 0 256 Jgﬁ?dT & obliqie and Tou 8e5°‘“fﬁface§ of the frontside
preferably 28 hearelanaverdge swddee roughhess R. of from 0.5 to 6 nm, and the oblique and rounded
surfages on the backside have an average surface roughness R, of from U.S to 2 rim. In particular, the

difference between the surface ro hnesses
Various types of polishing machines are sultable for this, for- -

example a 3-plate =ingle sided polishing machine cf the
"Reflection® type from Applied Materials Inc., or a 2Z-plate
pelighing machine of the "Apollo type from Peter Welters or a

10 1-plate polishing machine-ef the "nHance (6EG)" type from
Strasbaugh.

The frontside polishing in step ¢} preferably leads to an
average surface roughness R, of fzrom 0.05 to 0.2 nm on the

15 plane surfaces of the frontside of the semiconductor wafer.

Onn the plane surfaces of its backside, the ssmiconductcr wafer
preferably has an average surface roughnesg R, of from §.3 to
4,5 nm, expressed in terms of a spatial wavelength less than or

2t egual to 250 um.

Preferably, the semiconductor wafer is epitaxially coated on

ity frontside in a further step d} at the end of step ¢},

25 In the case of epitaxially coating silicon wafers, to this end
one or mere silicon wafers are heated in the epltaxy reactor by
means of heat sources, preferably by means of upper and lower
heat sources, for example lamps or banks of lamps, and
subgegquently exposed to a gas mixture consisting cf a source

3 gas containing a gilicon compound {silanes), a garrier gas (for
example hydrogen) and optionally a doping gas (for example
diborane) .

The epitaxial layer is conventionally deposited by the CVD
35 method ("chemical wvapor depositicon®) by silanes being supplied

ag a source gas, for example trichlorpsilane (SiBCl,, TC8}, to



30 of the plane surfaces of the backside R.(BS) and the oblique and rounded surfaces of the backside
R.(BS.edge) is preferably from -1.7 to 4 rim, more particularly preferably from 0.8 to 1.8 rim, both for
polished and for epitaxially coated semiconductor wafers. 35 10 The invention makes it possible to
deliberately adjust the wafer backside roughness in a wide window, and therefore to ensure greater
flexibility in relation to current and future customer requirements. The invention furthermore allows
more selective process management by means of selected product properties of polished wafers. )0
The invention is intended in particular for processing and generating polished and epitaxially coated
wafers withhe demétereofSD men 91 higren merbeparticelzoiypretatablyavith atdiameter of 450 mm. 15

The Inventor.has discoyered tha.qnhs sequentialolishing. of the freniside And backside of the

semiconductor wafer is suitable for achieving the desired outcome. The batch polishing methods
previously’Gséd, WhicR BBIRAS blraff) r <SEicBRdaBT a7 Rt ot Earfibt pidEs
simultanebagiy2andien bathi sides wargeansuitable for this and need to be replaced by single-wafer
processsing. The polishing agent solution in the first step of backside polishing the silicon wafer in the

method according to the 25 invention is in the simplest case water, preferably deionized water (DIW),
with the plHify/SBoEfEERfoRAseYh theSilEBRIRdustryie semiconductor wafer has an

average surface roughness R, of from 9.05 to 0.2 nm on the plane
surfaces of the frontside and an average surface roughness R,
of from ¢.3 to 4.5 nm on the plane surfaces of the backside,

19 both expressed in terms of a spatial wavelength less than or

egqual to 25C um.

Both the frontside and backside comprise rounded surfaces in
the vicinity of the edge, which preferably have an average

15 surface roughness R, of from 0.5 to 2 nm.

If the semjconductor wafer is provided with an epitaxial layer,
the plane surfaces of the frontside have an average surface
roughness R, of from 0.05 to 0.2 om and the plane surfaces of

20 the backside have an average surface roughness Ry of from 0.3
to 4.5 nm, both expressed in terms of a spatial wavelength less

than or egual to 250 um.

The obligue and rounded surfaces of the frontside preferably
25 have an average surface roughness Ry of from 0.5 to 6 nm, and
the obligque and rounded surfaces on the backsgide have an

average surface roughness R, of from 0.5 te 2 nm.

In particular, the difference between the surface roughnesses
30 of the plane surfaces of the backside R,(B8) and the obligue

and rounded surfaces of the backside R.(BS_edge) is preferably

from -1.7 to 4 nm, more particularly preferably from 0.8 to 1.8

nm, both for polished and for epitaxially coated semiconductor

wafers.

35



The polishing agent solution may however also contain compounds 30 such as sodium carbonate
(Na2C03), potassium carbonate (K2C0O3), sodium hydroxide (NaOH), potassium hydroxide (KOH),
ammonium hydroxide (Nm4om) and tetramethylammonium hydroxide (TMAH) or any mixtures thereof.
Il In this case, the pH of the polishing agent solution preferably lies in a range of from 10 to 12 and the
proportion of said compounds in the polishing agent solution is preferably from 0,01 to 10 wt.%,
particularly preferably from 0.01 to 0.2 wt.%. The polishing agent solution may furthermore contain one
or more other additives, for example surface-active additives such as wetting agents and surfactants,
stabilizersmaatinghas protactiveicodolts, preservatives; kiecides ralcehgls ang AL seguestrants. In the
second step of packside; polishing the, semicondyctar. water.a polishing agent sontalping abrasive is
used. 15 The proportion of the abrasive substance i the péjns fng agent stispension is preferably from
0.25 to 2090EY%: HAticaledly preferabi 6 02518 1ewion toThHE ShandistiBUtiDHOFthe abrasive
substance-paitisies-isr2dpreferably shaped monomodally. The average particle size is from 5 to 300
nm, particularly preferably from 5 to 50 nm. 25 The abrasive substance consists of a material which
mechanically removes the substrate material, preferably one or more of the oxides of the elements
aluminumTberidmvardiioon furthermore allows more selective process

management by means of selected product properties of polished

wafers.

10 The invention 1s intended in particular for processing and
generating polished and epitaxially coated wafers with a
diameter of 300 mm or more, more particularly preferably with a

diameter of 450 mm.

15 The Inventor has discovered that only sequential polishing of
the frontside and backside of the semiconductor wafer is
suitable for achieving the desired cutcome. The batch polishing
methods previously used, which poligh a plurality of
semiconductor wafers held on the carrier plates simultaneously
20 and on both sides, are unsuiteble for this and need to be

replaced by single-wafer processing.

The polishing agent sclution in the first step of backside
polishing the silicon wafer in the method according to the
25 invention is in the simplest case water, preferably deionized

water {DIW), with the purity reqguired for use in the silicon
industry.

The pelishing agent solution may however also contain compounds

3 such as sodium carbonate (Na,CO;), potassium carbonate (K.CO.),
sodium hydroxide {(NaOH), potassium hydroxide {KOH), ammonium
hydroxide (NH;CH) and tetramethylammonium hydroxide (TMAH) or
any mixtures thereof.

35 It is more particularly preferred to use potassium carbonate,



It is particularly preferable to use a polishing agent 30 suspension which contains colloidally dispersed
silica. In the second step of polishing the backside, in contrast to the first step, additives such as
sodium carbonate (Na2003), potassium carbonate; (K2CO2), sodium hydroxide (NaOH), potassium 35
hydroxide (KOH), ammonium hydroxide (NH4OH) tetramethylammonium hydroxide (TMAH) are
preferably not introduced. U The polishing agent suspension may however contain one or more other
additives, for example surface-active additives such as wetting agents and surfactants, stabilizers
acting as 5 protective colloids, preservatives, biocides, alcohols and sequestrants. In the third step of
backside palishirig thesemicdrdysiorWatére axpalishing:ggegfscuntaining: abragive: liteviise used.

The polishing pressure is reduced from,8115 psi to,0.5:Rpgilelative g the firskand segond steps. The

proportion of the abrasive substance in the polishing agent suspension is_preferably from 0.25 to 20
Wt.%, partiTaRy Brdterdbl§ forR D35 16 1 veFS The a2 tistfbdfork SRR &Brasivé Sbstance
particles ig ptafetably shapedl, mpaomiodlally r The @mvefage:pasticte-stzeds from S t.300-muy;,.particularly
prefersably from 5 to 50 nm.

The polishing agent solution may furthermore contain one or

more other additives, for example surface-active additives such

as wetting agents and surfactants, stabilizers acting as

protective colleoids, preservatives, biocides, alcohols and

10 seguestrants.

In the second step of backside polishing the semiconductor

-wafer, a polishing agent containing abrasive is used,.

15 The proporticn of the abrasive substance in the polishing agent
suspension is preferably from 0,25 to 20 wt.%, particularly
preferably from 0.25 to 1 wt.%,

The size distribution of the abrasive substance particles is

20 preferably shaped monomodally.

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

preferably from 5 to 50 nm.

25 The abrasive substance consists of & material which .
mechanically removes the substrate material, preferably one or

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

It is particularly preferable to use a polishing agent

3t suspension which contains ceolleidally dispersed silica.

In the second step of polishing the backeide, in contrast to
the first step, additives such as sodium carbonate (Na,C0,),
potassium carbonate (K;CO:), sodium hydroxide (NaOH), potassium

35 hydroxide (KCH), ammonium hydroxide {NH.OH}, tetramethyvlammc-
nium hydroxide (TMAH) are preferably not introduced.



The abrasive substance consists of a material which mechanically removes the substrate material,
preferably one or more of the oxides of the elements aluminum, cerium or silicon. It is particularly
preferable to use a polishing agent suspension which contains colloidally dispersed silica. 30 In the
third step of polishing the backside, in contrast to the first step, additives such as sodium carbonate
(Na2CO03), potassium carbonate (K2C0O3), sodium hydroxide (NaOH), potassium hydroxide (KOH),
ammonium hydroxide (NH4OH), tetramethylammo- 35 nium hydroxide (TMAH) are preferably not
introduced. 13 The polishing agent suspension may however contain one or more other additives, for
example surface-active additives such as wetting agents and surfactants, stabilizers acting as

protective:aloids qupsenaliyes. biocides, alcohols gnd 5 seauestits: Basiealhy.hgsemiconductor

wafers are pressed with the did of a "polishing head” with their side surface to be polished against the
polishing PaaYirdCoH BipEHBhidgplE& 210 25 SIhHRT e 3G HISE carpHE & ¥ &8 &Mk Ang", which
enclosesthe stihstratecaterally ang preventsHit frons skding infkthe pelishirg head during the polishing.
's In rodgin,palishing hads, the sedusanductarwalersiude pudace Jacig anaigm the polishing
-pad bears on a resilient mem%rane Ich transmits the polishing pressure being exerted. The
membran@SFEEEsHPBRENt of a chamber system, which is folmed by a gas or liquid cushion.

In the third step of backside polishing the semiconductor

wafer, a polishing agent containing abrasive is likewise used.
g '

The polighing pressure is reduced from 8-15 psi to 0.5-5 psi

relative to the first and second steps.

The proportion of the abrasive substance in the polishing agent
15 suspension is preferably from 0.25 to 20 wt.%, particularly
preferably from 0.25 to 1 wk.%,

The size distribution of the abrasive substance particles is

preferably shaped monomodally.

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

preferably from 5 to 50 nm.

The abrasive substance consists of a material which
25 wmechanically removes the substrate material, preferably one or

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

It is particularly preferable to use a polishing agent
suspension which contains colloidally dispersed silica.

30
In the third step of polishing the backside, in contrast to the
first step, additives such as sodium carbonate {(NapC0;),
potassium carbonate (K.C0:;}, sodium hydroxide (NaQOH), potassium
hydroxide (KOH)}, ammonium hydroxide (NH,QH), tetramethylammo-

35 nium hydroxide (TMAH) are prefsrably not introduced.



20 Polishing heads are also used in which a resilient support ("backing pad") is employed instead of a
membrane. The polishing of the substrate is carried out while supplying a 25 polishing agent between
the substrate and the polishing pad and by rotating;the polishing head and the polishing plate. In
addition, the polishing head may also be moved in translation over the polishing pad so that more
comprehensive 30 use of the polishing pad surface is achieved. Furthermore, the method according to
the invention may equally well be carried out on single-plate and multi-plate polishing machines. 35 14
It is preferable to use multi-plate polishing machines with preferably two, more particularly preferably
three polithingoulateshand patishingsheass: & Different palisking pads aatrdifferentpolishing agents

may also berised insthis gage. Ap.the,og: g;g@p@wgwt&t@mvg@m ARqlishing, pad which

contains an abrasive substance bound in olishing pad (PAP-W or FA pad) is used for all three
backside PRiSHTG AEFEEEURASe SHASREA R tafceLddrh BRSE fr&<difpRTarticles of oxides of the
elementspeesitkt; Eluminuh] siiden qsmmmmmbpaﬁ@lﬁm@fémrdmmmh as silicon

carblgle chggéé_guqlq%and diamond.

Basically, the semiconductor wafers are pressed with the aid of
a "pelishing head® with their side surface to be polished

against the polishing pad lying on a polishing plate.

A polishing head also comprises a “retainer ring®, which
encloses the substrate laterally and prevents it from sliding
off the polishing head during the polishing.

15 In modern polishing heads, the semiconductor wafer's side
surface facing away from the peolishing pad bears on a resilient
membrane which transmits the polishing pressure being exerted,
The membrane is a component of a chamber system, which is
formed by a gas or liguid cushion.

20 _

Polishing heads are also used in which a resilient support

{"backing pad®} is emploved instead of a membrane.

The polishing of the substrate is carried out while supplying a
25 polishing agent between the substrate and the polishing pad and
by rotating the polishing head and the pelishing plate.

In addition, the polishing head may also be moved in
translation over the polishing pad so that more comprehensive

30 use of the polishing pad surface is achieved.

Furthermore, the method according to the invention may egually
well be carried out on single-plate and multi-plate polishing
machines.

25



Particularly suitable polishing pads have a surface topography imparted by replicated microstructures.
These microstructures ("posts") have, for example, the shape of columns with a 20 cylindrical or
polygonal cross section or the shape of pyramids gf pyramid frustums. More detailed descriptions of
such polishing pads are contained, for example, in WO 92/13680 Al and 25 US 2005/227590 Al. It is
more particularly preferred to use polishing pads containing cerium oxide particles, cf. also for example
US6602117B1 and the polishing pads described therein. 30 The grain sizes of the FAP polishing pads
used are preferably greater than or equal to 0.1 gm and less than or equal to 1.0 If a high backside
roughness at iite xajs 6 e ERirhed ¥aagud Yesired L therdR AR Ipbts witlegiaiasizés of 0.5-1.0 gm will

preferably f@@gbﬁgfadgw hasksideroughnessiis desired, EAPPadswith grainsizes, of 0.1-0.25 pm
will prefegﬁi% be use i[ AP pads with grain sizes much smaller than 0.1 gm or much larger
than 1.0 bES foteRd U&sitEdBltcome |

5 Different polishing pads and different polishing agents may

also be uged in this case.

In the method according to the invention, a polishing pad which
containa an abrasive substance bound in the polishing pad (FAP

{0 or FA pad) is used for all three backside polishing steps.

Buitable abrasive substances comprise fér example particles of
oxides of the elements cerium, aluminum, silicon or zirconium
and particles of hard substances such zs gilicon carbide, boron

15 nitride and diamond.

Particularly suitable polishing pads have a surface topography
imparted by replicated microstructures. These microstructures
{"posts™) have, for example, the shape of columms with a

20 cylindrical or polygonal cross section or the shape of pyramids

or pyramid frustums.

More detailed descriptions of such polishing pads are
contained, for example, in WO 92/13680 A1 and
25 US 2005/227590 Al.

It is more particularly preferred to use polishing pads
containing cerium oxide particles, cf. also for example
U5660211781 and the pelishing pads described therein.

30
The grain sizes of the FAP polishing pads used are preferably
greater than or equal to 0.1 pm and less than or equal to 1.0
.,



10 Furtheimore, edge polishing of the semiconductor wafer is preferably carried out 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 %rpolishing pad containing fixed abrasive, and
pressing together the semiconductor wafer and the polishing drum while continuously supplying a
polishing agent, which contains no solids. 20 After carrying out step b), the semiconductor wafer has a
rounded edge (produced by means of conventional edge grinding methods). This semiconductor wafer
is polished either before or after 25 step ¢) by means of a polishing drum, on the surface of which a
hard polishing patkith ditilesderapressipiliysanccontainingfixed abisasivi4ds mshesivetebonded, while

supplying lkaline_solutian. .30 Prefe , thi ep i | carried ouf.in,a second step on
the same%ig}é%ig' pg %%1%5 p?ﬁg@%%c%%%ﬁ?o?gggf%p%% derﬂo%'%éjéw w%h%bout 1 wt.% 5102.

For this eBg&issIRhing RRe $8fte polishing agent solutions and 35 suspensions are preferred as in the
frontside and backside polishing according to step c) of the method. 16 The same also applies to the

polishing pad being ysed. _In.particular, in the.edge polishing jt.is also.preferable to 5 use a polishing
pad c%nta?r%n% %%&%%%ﬁé%oﬁrﬁ %?%%?t%cﬁe% \S/vi%1eag lsT"er'eC{df f#)Ar% 3 -i‘drg t§ ”1,%l t6¢. The particles are
preferablyes@testad froni-tie- glouptcorisist afusddesbl thebeleriads cerium, aluminum, silicon and W

zirconium.

Uging FAP pads with grain sizes much smaller than 0.1 pm or

much larger than 1.0 gm does not lead to the desired outcome.

Furthermore, edge polishing cf the semiconductor wafer is
preferably carried out on a centrally rotating chuck, bringing
together the semiconductor wafer and a centrally rotating
polishing drum which is inclined relative to the chuck and

15 carries a polishing pad containing fixed abrasive, and pressing
together the semiconductor wafer and the polishing drum while
continuously supplying a polishing agent, which contains no
solids. '

20 After carrying out step b), the semiconductor wafer has a
rounded edge {produced by means of conventiocnal edge grinding
~methods) .

This semiconductor wafer is polishad either before or after
25 step ¢) by means of a polishing drum, on the surface of which a
' hard polishing pad with little compressibility and containing
fixed abrasive is adhesively bonded, while supplying an

alkaline sclution.

36 Preferably, a smoothing step 1s then carried ouf in a second
step on the same polishing pad while supplving a silica sol,
for example Glanzox 3900 with about 1 wt.% Si0..

Por this edge polisghing, the same polishing agent sclutions and
35 suspensions are preferred as in the frontside and backside

polishing according to step ¢} of the method.



Examples The tests were carried out on a polishing machine of the "nHance 6EG" type from
Strasbaugh Inc. The polishing machine from Strasbaugh Inc. has a polishing plate with a polishing pad
and a polishing head, which processes a semiconpsuctor wafer fully automatically. The 20 polishing
head is universally mounted and comprises a fixed baseplate which is covered with a "backing pad",
and a mobile retainer ring. Air cushions, on which the semiconductor wafer floats during the polishing,
can be set up through holes in the base plate in two concentric pressure zones: an inner pressure 25
zone and an outer pressure zone. The mobile retainer ring can be pressurized by means of a
compressed air bladder so as to prestress the polishing pad upon contact with the semiconductor

wafer, ang,kee it flat. 30 In all the tests, palishing,step.1 was a,stock polishing step with K2CO3
solution (CEHY THESCBRA ST Eoprias CASH BUCSh e Clangss 3000 (1 wt %) without
K2CO3 and in general with the same polishing 35 pressure as step 1. 17 Glanzox 3900* is the

product name-ahiheRalishing agenksuspansien whishis provided.as @ gancentrata by daujimi

Incorporated, Japan, T e,undilut%gl solution has a pH of 10.5 and contaﬁns abogt 9 wt.% of colloidal
8102-With 4T afe 5 B, 67836 % 7 W%’v?h%rfhﬁ‘&%o '%Wgos‘tep was carried out
while suppbirg Glamzoxi 8808 (% i@ ind muth At K2B0Bp ahd Wvithea lower 10 polishing pressure
than in substeps 1 and 2. _

The particles are preferably selected from the group consisting

of oxides of the elements cerium, aluminum, silicon and

10 zirconium.
Examples

The tests were carried cut on a pelishing machine of the

15 "nHance 6EG" type from.strasbaugh Inc.

The polishing machine from Strasbaugh Inc. has a pelishing
plate with a pelishing pad and a polishing head, which
proceésés a semiconductor wafer fully automatically., The

20 polishing head is universally mounted and comprises a fixed
bazeplate which is covered with a "backing pad®, and a mobile
retainer ring. Air cushions, on which the semiconductor wafer
floats during the polishing, can be set up through holes in the
base plate in two concentric pressure zones: an inner pressure

25 zone and an outer pressure zone. The mobkile retainer ring can
be pressurized by means of a compressed alr bladder so as to

prestress the polishing pad upon contact with the semiconductor
wafer, and keep it flat.

30 In all the tests, polishing step 1 was a stock polishing step
with K,CO; solution (0.2 wt.%).

The second pelishing step was carried out using Glanzox 3800%
(1 wt.%) without K,CO; and in general with the same polishing
35 pregsure as step 1.



Optionally, step 3 is followed by a low-pressure polishing step while supplying surfactants or
surfactants + DIW (deionized water). 15 Tests were carried out with FAP pads which had different
grain'sizes of from 0.1 to 1 gm. For the tests shown in the figures, a polishing pad with cerium 20
oxide abrasive fixed in it was used, as described f&f example in US 6602117 The average particle size
was 0.5 gm. 25 For the chemical-mechanical polishing of the frontside, a typical stock polishing pad
was used. Suitable for this are for example a polishing pad of the series SUSA' from Rohm & Haas, for
example the SUSA' 1250 ("stock pad") or a typical CMP polishing pad ("finishing pad") such as the

SPM SL0A{igyn 30 Radelo.Eic. A.shaws(ouotsss values,of e baskside glalicon semiconductor

wafers with a diameter of 300 mm processed according to the invention. 3 tlegfas‘were carried out
under 35 BHfEPEREHGISHIRG EBNERiOPECREEBANESs YafieacerEsmie3 By 45 hiwere found (250 gm
filter), 18 Tastsrbia-S:campuse &siockpolishing sten WL k2EOS srldtien {244t.%9) .. followed by a
second palishing step. using a polishin ent solution, (Glanzax, 3900) without supplying K2CO3 and a
third polisﬁ?n% gt%%gv%?tﬁ%l%ggg 3%0‘6%\7?#1&% s%%%ﬁ?%é@éz a"ﬁ%lzvs]ithaé Igv‘{/%?’%%ﬁshing pressure

- than i thed#FstitdreepalistingStdgeem 30 to 40 nm. :

The third polishing step was carried out while supplying
Glanzox 3900 (I wt.%) and without K:CO;, and with az lower
10  polishing pressure than in substeps 1 and 2.

‘ Optionally, step 3 is followed by & low-pressure pelishing step
while supplying surfactants or surfactants + DIW (deionized

water) .

Tests were carried out with FAP pads which had different grain

gizes of from 0.1 to L um.

For the tests shown in the figures, a polishing pad with cerium
20  oxide abrasive fixed in it was used, as described for example '
in U8 6602117 Bl1.

The average particle size wag 0.5 um.

25 Por the chemical-mechanical polishing of the frontside, a
typical stock polishing pad was used. Suitable for this are for
example a polishing pad of the geries SUBA™ from Rohm & Haas,
for example the SUBA™ 1250 ("stock pad"} or a typical CMP
pelishing pad ("finishing pad®) such as the SPM 2100 from

30 Rodel®, '

Fig. 1 shows roughness wvalueg of the backside of silicon
semiconductor wafers with a diameter of 300 mm processed
according to the invention. 18 tests were carried out under

35 different polishing conditions. Roughness values of from 1.3 to

2.5 nm were found {2350 um filter).



Thus, the polishing pressure in each of the first two steps is 10 between 7-13 psi, while in the third
polishing step it is 0.5-2 psi. Tests 10 to 13 additionally contain a polishing step with DIW being
supplied. 15 Fig. 2 likewise shows roughness values for semiconductor wafers processed according to
the invention. . Here, roughness values of from 0!8 to about 1.7 nm were found 20(250 pm filter).
Here again, all the tests comprise stock polishing with a polishing pressure of 10-13 psi while
supplying K2CO3 solution, a second polishing step while supplying Glanzox 3900 with a 25 polishing
pressure of 10-13 psi and a third polishing step at a polishing pressure of 0.5-3.5 psi. In Tests 14 to
20, the polishing agent flow rate in the first two steps was 3000- 5000 ml/min, while in the third step it

was 350 ml/min. In Test 1, however, the polishing agent flow rate in the second 30 polishing step was
100 mli/mifestCcLAIMS comprise a stock polishing step with K;CO; solution

(0.2 wt.%), followed by a second polishing step using a

pelishing agent sclution {(Glanzex 3200} without supplying Ki:CG;
5 and a third polishing step with Glanzeox 3%00 without supplying

K;CO:, and with a lower polisghing pressure than in the first twe

polishing steps.

Thus, the polishing pressure in each of the first two steps is
{6 between 7-13 psi, while in the third polishing step it is 0.5-2

psi.

Testg 10 to 13 additionally contain a polishing step with DIW
being supplied.

Fig. 2 likewise shows roughness values for semiconductcr wafers

processed according to the invention.

Here, roughness values of from 0.3 to about 1.7 nm‘were found
20 {250 pm filter). ‘

Here again, all the tests comprise stock polishing with a
pelishing pressure of 10-13 psi while supplying K.CO; sclutiomn,
a second polishing step while supplying Glanzox 3200 with a

25 peclishing pressure of 10-13 psi and & third pelishing step at a
polishing pressure of 0.5-3.5 psi. In Tests 14 to 20, the
polishing égeat flow rate in the first two steps was 3000-
5000 mli/min, while in the third step it was 350 ml/min. In Test
1, however, the pelishing agent flow rate in the gecond

38 poclishing step was 100 ml/min.



1. A method for producing a semiconductor wafer, comprising: a) providing a semiconductor wafer by
cutting a silicon ingot into wafers; b) rounding the edge of the semiconductor wafer, so that the
semiconductor wafer comprises plane surfaces on the frontside and backside and rounded oblique
surfaces in the edge region; c) polishing thefrontsjde and backside ofthe semiconductor wafer, the
frontside polishing comprising chemical-mechanical polishing using a polishing pad which is free of
abrasive fixed in the polishing pad; the backside polishing of the semiconductor wafer being carried
out in three 8934 each case using a polishing pad which contains fixed abrasive in the polishing
pad which is pressed with a polishing pressure onto the backside of the semiconductor wafer, a
polishing agent which isditdedf solfds-beingrintrodired betweerethequelidhirigopad argteere, backside of
the semicongiatariwater in the first step, while a polishing agent which contains abrasive substances
is introduced jn thesecond-and third:stepsaupelshingJressurs,of 8x13 psiyin the first and,second
steps beingfﬁgggeqﬁg.%gﬁes}gl'the third step. 2. The method of claim 1, furthermore comprising: d)
epitaxially cpafting the frontside of the semiconductor water, 3..The method.of claim 1, wherein the
pglishingyag%%t socfﬁﬁlé{r% W th%?ﬁefst %(ﬁecbeof%%:clgs%e ﬁ&%ﬁﬁ& ﬁ]%cs%é}rﬁicc‘)ﬁr%ueczfér V\’/sé%ert\{c%bar?tains
deionized wal (BTHR: 2 HHERThod BF BRaint 3 Whardif the Fonshing Ag&RdIulEn fafther
comprises at ¥eRStBrEEcARPo it §a1deRdF o HRIgRstH isting of $6drFREarbdnaies(Na2CO2),
potassium caglgenategK2CO03), sodium hydroxide (NaOH), potassium hydroxide (KOH), ammonium
hydroxide (MH4OH cdridtetramethylsnmaoiiumtrydiexide {EMAH)a20:51idhe method oftdaim 4,
wherein the pbhot theipekishingageatsolutiag is frephiQ 1ad 2 auh therpregortiosmehtheiegmpound(s)
in the polishing.agent sqlutipn is from 00% 1o, 104t %s 16,4 e Methad Af clgimsuspgasion in the
SecondOfoggor§%§§Og@e(gggggg&ngQQXed in the polishing pad; the

backside polishing of the semiconductor wafer being carried

out in three steps, in each case using a polishing pad

which containg fixed abrasive in the polishing pad which is

pressed with a polishing pressure onto the backside of the

semiconductor wafer, a polishing agent which is free of

solids being introduced between the polishing pad and the

backside of the semiconductor wafer in the first step,

while a polishing agent which contains abrasive substances

ig introduced in the second and 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.

2. The method of claim 1, furthermore comprising:
d) epitaxially ceocating the frontside of the semiconductor
walfer.

3. The method of claim 1, wherein the polishing agent
gsolution in the first step of backside polishing the
semiconductor wafer contains deionized water (DIW).

4. The wmethod of claim 3, wherein the polisghing agent
solution further comprises at least one compound selected
from the group consisting of sodium carbonate (Na,C0;),
potassium carbonate (¥,C0s5) , sodium  hydroxide (NaOH),
potasgium hydroxide (KOH), ammonium hydroxide (NH,OH) and
tetramethylammonium hydroxide {(TMAH).



7. The method of claim suspension in the second of one or more of the cerium or silicon. 1, wherein
the polishing agent polishing step contains particles oxides of the elements aluminum, 2, wherein the
polishing agent polishing step contains particles oxides of the elements aluminum, 8. The method of
claim 6, wherein the polishing agent suspension comprises colloidally dispersed silica. 9. The method
of claim 1, wherein the polishing pad containing fix@@ abrasive contains abrasive in the form of
particles of oxides of the elements cerium, aluminum, silicon and zirconium, particles of hard

substances silicon carbide, boron nitride and diamond, or mixtures thereof. 10. The method of claim 9,

wherein the rﬁeaﬁ}ﬁ)%rtfa?etéﬁg oPthe& firdd abrasiVesa Hhé pdliRpingFhadfs greatarcthaslvirenual to 0.1
pm and less B 6r Al %6 20 p. HHom Sémitondiktorwhfersrogucerbby the methashef claim 1,
having a polistewframdside, a polisireddsdcksideand gaotinded anddpolisbed edge gwhich«comprises
plane surfacasiomihe $rontside and backside and oblique rounded surfaces in the edge region, and
which has an average surface roughness Raof from 0.05 to 0.2 nm on the plane surfaces of its

frontside andzan aygrage, suifage roughness, Rsof from 0.3 to 4.5 nm on the. plane surfaces of its
backside, both ressed in, E,?tatliof a gggtigl Wa\ielégr%l%etﬁ?els% th%%eor &ﬁ%ﬁ 10759 pl‘?ﬁ% 12. The

ex

semiconductor: \?\%D?élrséfb claifh 115 Whetsin-the redndéd siifacesth thetshtaitle BiHH=ckefe have an
average surfice (Bughri¥ss REbFfrdth 0.5 2HMI48. £ Senfibondae@ravier progacatby the
method of cl&ifRT 2¥Raffrg polistied and epitaxially coated frontside, a polished backside and a
rounded and polished edge, which comprises plane surfaces on the frontside and backside and

oblique rounded stiracesdntheledge regiam anm, whictehasian ayeeage surfage fsgughness Raof from

0.05 to 0.2 neuepdhe phaneisurfages atitsepitpdaleaatgd Bee?id@o@ﬁ%ﬁﬂsavsé%ei%g% ce
e

roughness Raef frgm 0340 4.5-am ga the plang surfaces ef its;backside, both expressed in teims of a
spatial WaVe'SQQ_{QlJFS@JhQE]é){ éeq?al to 250 14. The semicont%ﬁectoerasiw% g%%‘fs claa}%uf&nvbjﬁ}th has an
ao

average surface roughness rom 0.5 to 6 nm on the oblique and rounded surfaces of the

frontside, and an average surface roughness Ra of from 0.5 to 2 nm on the oblique and rounded
surfaces of the babRgiggnethod of ‘claim 6, wherein the polishing agent

suspension comprises colloidally dispersed silica.

9. The method of c¢laim 1, wherein the polishing pad
containing fixed abrasive contains abrasive in the form of
particles of oxides of the elements cerium, aluminum,
gilicon and zirconium, particles of hard substances silicon
carbide, boron nitride and diamond, or mixtures thereof.

10. The method of claim 9, wherein the mean particle gize
of the fixed abrasive in the polishing pad is greater than
or equal to 0.1 um and less than or equal to 1.0 um.

11. A semiconductor wafer produced by the method of claim
1, having a polished frontside, a polished backside and a
rounded and polished edge, which comprises plane surfaces
on -the frontside and backside and obligue rounded surfaces
in the edge region, and which has an average surface
roughness R, of from 0.0% to 0.2 nm on the plane surfaces of
its frontside and an average surface roughness R, of from
0.3 to 4.5 nm on the plane surfaces of its backside, both

expressed in terms of a spatial wavelength less than or
egqual to 250 um.



21

12. The semiconductor wafer of claim 11, wherein the
rounded surfaces on  the frontside and backside have an
average surface roughness R, of from 6.5 to 2 om,

13. A semiconductor wafer produced by the method of clazim
2, having a polished and epitaxially coated frontside, a
polished backside and a rounded and polished edge, which
comprises plane surfaces on the frontside and backside and
oblique rounded surfaces In the edge region, and which has
an average surface roughness E; of from 0.05 to 0.2 nm on
the plane surfaces of its epitaxially coated frontside and
an average suriace roughness R, of from 0.3 to 4.5 nm on the
plane surfaces of its backside, both expressed in terms of
a spatial wavelength less than or équal to 250 um.

14. The semiconductor wafer of claim 13, which has an
average surface roughness R, of £rom 0.5 toc &6 nm on the
obligque and rounded surfaces of the frontside, and an
average surface roughness Ry of from 0.5 to 2 nm on the
cbligue and rounded surfaces of the backside,



