Method for Producing a Semiconductor Wafer The invention relates to a method for producing a
semiconductor wafer. 5 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 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 degiies lgips SYOBYRIGS ORI PIOLE o 8L e copegents. whether

microprocessors or memory chips, resides In the'enormous economic advantage which they promise.
In the semiconductor industry it has for a long time been customary to focus on the 20 available

substrateared, ffdn ofher werdsde copsidgr hewmgaka Pupes Ok campangats: ke dadistaips or

memory chips, can be accommodated on an individual substrate. This Is related to the fact that a
multiplicl{ 8fthe component manufacturer's processing steps are aimed at the entire substrate, but
therg 25 are also the individual steps for structuring the substrates i.e. producing the component
structures which subsequently lead to the individual chips, and therefqre th groduction costs for both
groups o%rbrggérs%}r? gtgef)é a%%ef’er%elr@dl \%lry]'psarﬁ(I:Ilﬂ:l%}’hf/g %g tt?e%gugﬁrlajf% sfz%gThe substrate size
30 influenees teProduction & bstsspar Conlponesikto hachycdngdderapikedasitand is therefore of

immense peqnomic impasiance.,, siAWRKeY. incraasing hs-substealp digmeler gptadls argat and 35

sometimes entirely new, hitherto unknown technical problems. 2 Lastly all the processing steps,
whether BR&E ARVBGE I\ EeERRTEET saNirk? Yrifting fagphiss) S Bfemikat (et&fifg Sdeaning) or

chepicalgechanical ip rayiepolishinghaswellas hetheunalinrhcesses4ppitay, apnealing),
require thorough 5 revﬁ:lisnion, inﬁtrticular wig?%res ct to the acréiges and fxst%r(las (equipment) used
for them™Fhé& presiift thvertioh 15c kR orPHE SR o 6 d&ifiicontictor wafer as the last essential

processiajstepatens 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
economic advantage which they promise. In the semiconductor
industry it has for a long time been customary to focus on the

20 available substrate area, 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 is related
to the fact that a multiplicity of the component manufacturer's
processing steps are aimed at the entire substrate, but there

725 are also the individual steps for structuring the substrates
i.e. producing the component structures which subsequently lead
to the individual chips, and therefore the production cogts for
beth 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
considerable extent, and is therefore of immense economic

importance.

However, increasing the substrate diameter entails great and

35 sometimes entirely new, hitherto unknown technical problems.



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 mi%roprocessors. 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 conventionally used

methods, of ble sided. polighi P) and.c ical-mechanical pelishi which in one
case co%ﬁﬁ%?ﬁoﬁ%?ng ﬁ%tfﬁgﬁggg %? a's mgggﬁ?ﬁct&hv%gé?%ygﬁggﬁsgg‘% %ﬁkg pad while
supplyingrechalishitifadaavesid stogk 2535818 hinkA@IS M Step) @nET &7 othek eBd8%nal polishing
only of the, kantsige (the- "corapqrent sige-hhy 1sing a sofigkrlishing-nad:as sgicallgdgish polishing
(CMP step), but also relatively new so-called "fixed-abrasive polishing” (FAP) technologies in which
the semigSnditGot Wariad pBRIRRESTS 30550t péﬂ‘ﬁﬁ%}’ﬁg&evgﬁ ﬁf%ﬁnggf%é%‘llggive
substanae=haunidin, therpaliskingqedsEfixed: abrasie-pad ").cA pblishiag:ktepsn verdh such an FAP
polishing S’a%is usegawill.be %Iééred to gel%vrascﬁm FAP step for brevity. roughness. In CM?, a softer
a

polishingS & Uset thartin . Furthermore onﬁ/mdne side of the semiconductor wafer is polished

by means of CMP, namely the side on which components are subsequently intended to be fabricated.

The prior-git alsq.3cefers 10,finjsh palishing LMPmethadsare disclosed, forexample, in US
2002-0077039 and in US 2008-0305722. WO 99/55491 Al describes a two-stage polishing method

with a firSERAPPHHSRINGSt¥S ART LSUHREULAESe FRFEMPAJoIRFRIEEF LD, ff EMP R polishing
pad gontains R fixed abrasivessithstaeer Hee, a5 oa OSRatepr abrasieysulisiance ivrtherform of a

suspension.is intraduced hetween the silicon wafer and the polishing pad. Such a twe -stage polishing
oot B R DATIATE SRS e EnSe AT ik PAR SR Lng SO MRSE
precedes epitaxy of the wafer, when the wafer is intended to be

uszed as a so-called ep; wafer for the pr@éﬁction of modern
microprocessors.

15
The Inventor has discovered that the process of polishing 450
mm wafers also reguires 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
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
peclishing pad while supplying a polishing agent as a stock

25 polishing (DSP step) and in the other case final polishing only
of the frontside {the "component side") by using a scfter
polishing pad as go-called finish polishing (CMP step}, but
also relatively new so-called "fixed-abrasive polishing" (FAP)
technologies in which the semiconductor wafer is polished on a

30 polishing pad which, however, contains an abrasive substance
bound in the polishing pad ("fixed-abrasive 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 CMP polishing is also

necessary in order to eliminate defects and reduce the surface



IS has left behind on the polished surface of the substrate. EP 1 717 001 Al is an example of FAP
steps also being used fcr 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 nanotopography. US 2002/00609967 Al relates to CMP methods for planarizing 25 topographical
surfaces during the production of electronic components. The main aim is to mitigate the

disadvanrtégp%a&éw maleriggemevalyRles Wit LEINGEAR Rlisling fads Aseauenge of polishing

steps is proposed, in which polishing is carried out first with an FAP pad in conjunction with a 30
polishin§ BEEMESRPERSERlahPRfbse§EentE Wi ASERP SRRAH ToRfuNEaSR Wwith®a polishing agent

solution gHe s81ies efstepsissdeliberately seleted inpedestadnapasa thenmatesibnemoyal rate.
Polishing wafers of material with a hor%%%%nemg co ?%osjtion, fqr example semicon%uct r wafers, is

35 not disERSERRREBRE E HkewlsE 3074528 K Ao i€ 0sed S méthod f6r plafarizing
topagraphical ssrfaces tinting the picduction of Biectreniccizmparenis dddres ik, kdyppoint of the

invention is_the endpgwtﬁgcd%gﬂgt&qrb@ﬁwgmgﬁ@%%és ﬁ(@@é{[}@@%@tﬁ recognition involves
therefore t

. ie S
termlnat%}éamg peohshlng an e 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

proposegdorgnlishingna goppRIdayan dxa firshiien HdsLopehetswith andAfh palishirg pad, in which
case the polishing agent optionally may or may not cqontain free abrasive aéticles. Ig .th% second
polishingg)éféﬁtin %Wﬁ%ﬁ&%@e Pofighed Witk aﬁﬁ%ﬁﬁ%‘éﬁ?ﬁoﬁg%ﬁ?ﬁe tiSe BPAHoMldAiAg agent

withefreesaliasive partitdes Iscegsehliah 1545 eraareBatent AgpplicatinlkBE HI2rGE7A 085 266 Al
describes a method for polishin str fsill majerial..camprising twe polishipg steps of the
FAP typeS W ?C%a&lﬁ%f in that & p%ﬁsﬁ%r?gaazfg% s%gp%ﬁ'sion W%Iai:.lbh contgzlns unbound

form of 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

15 has left behind on the polished surface of the substrate.

EP 1 717 0601 Al is an example of FAP gteps 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 ig particularly flat and has the least

possible microroughness and nanotopography.

US 2002/00609967 Al relates to CMP methods for planarizing

25  topographical surfaces during the production of electronic
components. The main aim is to mitigate the disadvantages of
low material removal rates when using FAP polishing pads. A
sequence of polishing steps is proposed, in which polishing is
carried out first with an FAP pad in conjunction with a

36 polishing agent suspension and subsequently with an FAP pad in
conjunction with a polishing agent sclution. 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

15 not disclosed therein.



20 abrasive substance as a solid is introduced between the substrate and the polishing pad in one
polishing step, while in the second polishing step the polishing agent suspension is replaced by a
polishing agent solution 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 solutions. In connection with
the fabrication of semiconductor wafers, 30 particularly semiconductor wafers with a diameter of
greater than or equal to 300 mm - semiconductor wafers with a diameter of 450 mm may in particular

be mentioned here - the,handing, propegties irgg%sgﬁré of the.semicanductar waters between the
systems, the crucial storing, Supporting and?mal processing 35 properties in the process sequences

are increasatpFéfic TN REIRaL0S BcEsSIRGBf HeesdmieeHa AR Skafers on the

part of the, wafer spanufaciriseeisiomess-in theqaogessesfontabgeating-semieondusior i s
components. Here, in particular the backside of the semjconductor wafer is 5 a cruciaﬁ criterion,

especially SnES HRAaHo S /inG Sy8tetis, P baRtittii e dBficas W Bom&TR3AtACt with the
semicongueisgwatdionecessithte particutat hackside firepertit  oh thegssemidontiectef wader. Such
devices RigIORSramPIe S Le- walshioldpra MPIGLNgiddbe peTAnALCHRI vl imly on s
backside, for exampleaby means of vacuum suckers, while the frontside is being processed, for
examplengoind.soitsicieras & ahichitheGehlivonductdrwaredeshélg ibasRage38gdn, §s also

important {0 gorfigure the gemigonductorwafar indthg,hacksids edge regionsso: that 15dgfpkmation of
the semiconductor wafer can be excluded. Particularly for semiconductor wafers of the next generation

with a di&REear of YB0Am AL ¥R pRiiiattids of theRFafer BatkYdd Andthd War&Edg@\withe crucial for
this,20 @adhe etherthasd, thedeacksideeiitheisemicermictorapaiesisthesuppprting surface - for
example dung rgnsparn boxes (EQUP, FOSBlanduring sorsae ormouping ngarieyer
fabricatiGh procasses (tor 6xample cogting chambers, oven processes etc.). Uncontrolied slipping of
the semistiegucior which it is likewise polished with an FAP pad, however,

the use of a polishing agent with free abrasive particles is

essential.

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 polishing agent suspension which contains unbound

20 abrasive substance as a solid is introduced between the
substrate and the polishing pad in one polishing step, while in
the second polishing step the polishing agent suspension is

replaced by a pelishing agent solution which is free of sclids.

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

agent solutions.

In connection with the fabrication of semiconductor wafers,

30 particularly semiconductor wafers with a diameter of greater
than or equal to 300 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 crucial storing, supporting and finally processing

35 properties in the process seguences are increasingly critical.

This also applies to further processing 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 alsp be mentioned besides the process management
by the wafer 30 manufacturer: Particularly critical hére are component production processes 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 types 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 deqr, f reflectivity f .C -determines its
emission. gf %%sgrrymi%%%e%%gi%rgaﬁcﬁﬁgre gr%etea%llsgg) #%u%%g%co hge?zfra ia%gr§ %egtgééo:r['t[;)lfedE g%d the
process BT esscht ¥ séator examphd irseeife AR BLITRF o CEMIPEGAHY-times. The properties of
the wafer backside have hitherto been ignored in this regard, to which extend the Inventor has
identified a commercial need. W The described problems have given rise_to the Objecf:f?f the invention,

namely f53Bvider s AESHARGWETLTs RAGHE HinRY dnifaRAtSBtR TeksitR Htbpéfies of the

semjcongduetonpoddr. 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 held 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 semiconductor wafer can be excluded.
Particularly for semiconductor wafers of the next generation
with a diameter of 450 mm, the properties of the wafer 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, FOSB) or during storage or mounting in particular
fabrication processes (for example coating chambers, oven
processes etc.). Uncontrolled slipping of the semiconductor

25 wafer needs to be avoided, whether during transport, loading or

during the coating process.

Lastly, the feollowing 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 processes
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 types of oven
processes. The adhesion of the layers to be applied, for



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 whether
all this is carried out on the same polishing maching. 20 The object of the invention is achieved by a
method for producing a semiconductor wafer, comprising: a)providing a semiconductor wafer by
cutting a silicon rod into wafers, 25 b)rounding the edge of the semiconductor wafer, so that the
semiconductor wafer comprises plane surfaces on the frontside and backside and rounded oblique

surfaceseijg the ge reglon c%ollshln the ntside and léSldg o;ﬂe semlc%]ductor#véaé ar the
frontside pglls%lng comp?smg %erﬁlc rﬁec Anical 30 p polis ch’ung using a po |sh|ng padlw Is free of

abrasiverfixaeeintthe polisting phal the Isdckside pslisthey 6kthe sersiédrdUctoriwife? betg carried
outin thiee, 1808, InLagh casgusing:a D@éﬁ%‘?ﬂ:ﬂ?@é’vﬁ'&g CoRtains an akrasiwasubgianes bound in

the polishing pad and is_pressed with a polishing 35 pressure onto the backside of the semiconductor

wafer, a}pRMaRiHGAgRREWHIGHS FRiFordotils Bing fYioHUEEd PRAt Tadiation

5 absorbed and the process management per se, for example in the
form of long or short coating times. The properties of the
wafer backside have hitherto been ignored in this regard, to

which extend the Inventor has identified a commercial need.

10 The described problems have given rise to the object of the
invention, namely 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 peclishing machine and the wafer
frontsides are accordingly polished on another polishing
machine, or whether all this ig carried out on the same

polishing machine.

20
The object of the invention is achieved by a method for
producing a gemiconductor wafer, comprising:
a) providing a semiconductor wafer by cutting a silicon rod
inte waferg,

25  b) rounding the edge of the semiconductor wafer, so that the

semiconductor wafer comprises plane surfaces on the frontside
and backside and rounded obligque surfaces in the edge region,
c) polishing the frontside and backside of the semiconductor
wafer, the frontside polishing comprising chemical-mechanical

30 polishing using a pelishing pad which is free of abrasive fixed
in the polishing pad; the backside pclishing of the
semiconductor wafer being carried out in three steps, in each
case using a polishing pad which contains an abrasive substance
bound in the polishing pad and is pressed with a polishing

35 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 is introduced in the second and third steps, a
polishing pressure of 8-15 psi in the first and second 5 steps being reduced to 0.5-5 psi in the third
step. According to the solution, a semiconductor wafer having a defined surface roughness on its
backside is provided. 10 The person skilled in the art knows that the conventional polishing methods
such as stock polishing (double sided polishing, DSP) and finish polishing (chemical-mechanical

polishing, CMP) both lead to semiconductor wafers with surface rou ses on the frontside and
backsidé’h-% F&iBtiv 1gc??ajrlso%yﬁnﬁaéorgﬁ§e.%e%au%%}sglg%h%nqtﬁesﬁﬁ%g ?c()gf)’ﬁgfcﬁﬁ’? 2000
for measusifigrthérotgienessis! the safacediith aa2 5@ prrefiitends e Wawb lerigtieoiongérnthan 250
gm . waviness.data, cf c:hapman 20 JTechpicalNotes TGl «Rev-01 A9 san auerage,urface roughness

Ra of from 3 to 6 angstroms Is found both for the frontside and for the backside of DSP-polished
semicon8tER? waeROThENINhEsESEaiz6d tiar’SuchTdw +udhrfessaE #6r D5 RERRDackside

are got always aguanigoeaus,@d that it would pe desifabipdo thakeia yidey range available for the
backside roughness of the semiconductor wafer than is possible with conventional polishing

technologies. 30 It has been found that FAP polishing allows this. By means of FAP, it is possible to
generatehanavdiage swfadesronghmessoRa axcordmgioChapomnyaitha 256 prfileer) of from 3 to

foughne R e e ot 10 Do Hes iy o8 Toung mFige 1 and 2.
10 The person skilled in the art knows that the conventional
polishing methods such as stock polishing {double sided
polishing, DSP) and finish polishing (chemical-mechanical
polishing, CMP) both lead to semiconductor wafers with surface
roughnesses ¢on the frontside and backside in a relatively

i$ narrcwly limited range.

When using a Chapman Surface Profiler MP 2000 for measuring the
roughness ¢f the surfaces with a 250 pm f£ilter {spatial
wavelengths longer than 250 gm = waviness data, cf. Chapman

20 Technical Note-TG-1, Rev-01-09), an average surface roughness
Ra of from 3 to 6 angstroms is found both for the frontside and

for the backside of DSP-poclished semiconductor wafers.

The Inventor has realized that such low roughnesses for the
25 wafer backside are not always advantageous, and that it would

be desirable to make a wider range available for the backside

roughnegs of the semiconductor wafer than is possible with

conventional polishing technologies.

30 It has been found that FAP polishing allows this. By means of
FAP, it is possible to generate an average surface roughness R,
according to Chapman {with a 250 pum filter) of from 3 to 45
angstroms. This covers a range 10 times larger than is possgible
by DSP/CMP. Corresponding roughness data when using 80 um, 30

35 um and 10 um filters may be found in Figs 1 and 2.



8 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. 5 Various types of polishing machines are sditable for this, for 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 (EEG)" type
from Strasbaugh. The frontside polishing in step c) preferably leads to an average surface roughness
Ra of from 0.05 to Q.2 nm on the 15 plane surfac&s of the frontside_of the semiconductor wafer. On the

plane sUFREeS OF it BACRS 48 Tthe SentifordiisH whferSieferan? has AnSferdge tlirface roughness
Ra of frama Ok tiodé. Sparh ;i exdressed intfeems e acspatiat waveleagtrieby tharaos2@£qHaFto 250 mm.

Preferably, the semigonduclor weet s epiEall£OaIed 0 IS ENSIURL § JyieIcien g at the end
of step c}. STitHe caseof epitaxially coating silicon wafers, to this end one or more silicon wafers are
heated it tife epitaaeredewrdly @RS of heat sources, preferably by means of upper and lower heat
sourgces, for example lamps or banks of lamps, and subsequently exposed to a gas mixture consisting

of a source 30 gas containing a silicon compound (silanes), a carriera%izz]rs1 (far example hydrogen) and
optionalJ3Xd6Mig GaRfor SxaRld Bibtren e The Mpadiaf IS Bt i ?/eﬁﬁgnglr%/lﬁép fted by the
CVD 35 gethed £'chepvigal vapordepdsitien oy slahesheing suppliedasatsduree gas, for example

Umhknoﬁﬁg?ﬁgyégég“Tg§%éofrom Applied Materials Inc. or a 2-plate
polishing machine of the "Apollo" type from Peter Wolters cr a
10 1-plate polishing machine of the "nHance (€EG)" type from
Strasbaugh.

The frontside polishing in step c¢) preferably leads to an
average surface roughness R, of from .85 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 R, of from 0.3 to
4.5 nm, expressed in terms of a spatial wavelength less than or

200 equal te 250 um.

Preferably, the semiconductor wafer is epitaxially ccated on

its frontside in a further step d} at the end of step c¢)}.

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

30 gas containing a silicon compound {silanes), a carrier gas (for
example hydrogen) and optionally a doping gas (for example

diborane) .

The epitaxial layer is conventionally deposited by the CVD
35 method ("chemical vapor depcsition”) by silanes being supplied

as a source gas, for example trichlorosilane (SiHCl,, 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 semicond@ctor wafer has an average surface roughness Rsof
from 0.05 to 0.2 nm on the plane surfaces of the frontside and an average surface roughness Rs of
from 0.3 to 4.5 nm on the plane surfaces of the backside, W both expressed in terms of a spatial
wavelength less than or equal to 250 pm. Both the frontside and backside comprise rounded surfaces
in the vicinity of the edge, which preferably have an average 15 surface roughness Rs of from 0.5 to 2

nm. If th& BEnTeBHRRErFaleif Fbltraitt &R epitdRiaPIEyers he bREESAaces of the frontside
have an eyegpgessutiace ropghiness Boof frami26% tg 0ihem asikthernlane syrfadesoof Zhithe
backside hav a%%v ra eo%JurLa}:cg rouggzngs Rs of from 0.3'15%4.5 m both exBreg,s d in terms of a

spatial w%%e?enb e an or eql’JaIato °ﬁ‘rh“??ﬁe%%|i5€é aRd roundePaiaces ot the frontside

preferabhe@®have ahlzyesddel surfacearorghness Rs of from 0.5 to 6 nm, and the oblique and
_rounded surfaces on the backside have an average surface roughness Rs of from 0.5 to 2 nm. In
particular, the difference between the surface roughnesses 20 of the plane surfaces of the backside

Rs(BS) dHd-# SHktedml BuhdEBuREEESEr thePa ke RRES tig ey 3L Frefé@dlyfom -1.7 to
4 nm, mereaRaigeulatly preferably famed.8 R 18 mer bathofop polisher, anchier epitarially Taated
smﬂmonggggggggagf the frontside and an average surface roughness R,
of from 0.3 to 4.5 nm on the plane surfaces of the backside,
i0 both expressed in terms of a spatial wavelength less than or

egqual to 250 um.

Both the frontgide 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 semiconductor wafer is provided with an epitaxial layer,
the plane surfaces of the frontside have an average surface
roughness Ry of from 0.05 to ¢.2 nm and the plane surfaces of

20 the backside have an average surface roughness R, of from 0.3
to 4.5 nm, both expressed in terms of a spatial wavelength less
than or egual to 250 um.

The oblique and rounded surfaces of the frontside preferably
25 have an average surface roughness R, of from 0.5 to 6 nm, and
the oblique and rounded surfaces on the backside have an

average surface roughness R, of from ¢.5 to 2 nm.

In particular, the difference between the surface roughnesses

30 of the plane surfaces of the backside R,(BS) and the obligue
and rounded surfaces of the backside R,(BS_edge} is preferably
from -1.7 to 4 nm, more particularly preferably from ¢.8 to 1.8
nm, 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. 5 The invention furthermore allows nmbre selective process management by means of
selected product properties of polished wafers. 10 The invention is 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 semjconductar wafer is suitable for achieving
the desireB®UICBIRBLERE BRSSOl RingaREtHOtR frevidBivRREAt fhitraselidfit pitfality of
semiconehadter Waelk el or dheybakies plates simdltaneondly20 and ontbetle Sisles, are unsuitable
for this and need to be replaced by.single-wafer processing. The polishing.agent selutiqn. in the first
step of bacKside p%ﬁs?hai%gg )fhefgl“ﬁjé%r% \%v%a etryin tfie me ﬁgé ggcgr%incgut%ﬁﬁgEg%?ﬁéer?tlfoéngqu%n the
simplest casé orter, peafeiatsynenionized water (DIW), with the purity required for use in the silicon
industry. The polishing agent solution may however also contain compounds 30 such as sodium
carbonate (Na2CO3), potassium carbonate (K2CO3), sodium hydroxide (NaOH), potassium hydroxide
0(0%0,éﬁﬂﬁoHﬂﬁ?ﬁ&&&&k%ﬂ%ﬁﬁﬁ?ﬁ?éﬁd%&Eﬂﬂéﬂﬂ&ﬁﬁnﬁﬁiﬁﬁF&Hﬁ»@%??ﬁﬁRH)oranynﬂxﬂnes

thereof. management by means of selected product properties of polished

wafers.

10 The invention is 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 seguential polishing of
the frontside and backside of the semiconductor wafer is
suitable for achieving the desired outcome. The batch pelishing
methods previously used, which polish a plurality of
semiconductor wafers held on the carrier plates simultaneously

20 and on both sides, are unsuitable for this and need to be

replaced by single-wafer processing.

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 purity required for use in the silicon

industry.

The peclishing agent solution may however also contain compounds
30 such as scodium carbonate (NasCO;), potassium carbonate (K,COi:),

sodium hydroxide (NaOH), potassium hydroxide (KOH), ammonium

hydroxide (NH;0H) and tetramethylammonium hydroxide (TMAH) or

any mixtures thereof.

15 It is more particularly preferred to use potassium carbonate.



11 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.%. 5 Thelpolishing 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 colloids, preservatives, biocides, alcohols and W
sequestrants. In the second step of backside polishing the semiconductor wafer, a polishing agent
containing abrasive is used. 15 The proportion of the abrasive substance in the polishing agent

suspensioh i§ BicteRi froh. 28Ho 2D s, PRI IEME RFERBIYSTork BisBUPTHHRA2P Y he size
distribution e thinakyasiveguibstancedsparticles ds 2Q pseferaiiy spapesronemaskillgatide average

particle size is from 5 to B%ﬁ nm_particularly preferably from 5 to 50 nm. 25 _The abrasive substance
consists %?Té}prﬁé’t%rﬁgl whic an%egﬁglnjl‘c%l%/nrémao%ee% he %ggétlrgt% rﬁgte?igﬁ%?gf&érga ly }é’ﬁg%r more of
the oxide®.6flthé @ldriemts Zumirarrt icariuay by siiivel e raltly pareticula?ly preferalile 2o wse s
polishing agent 30 suspension which contains colloidally dispersed silica. In the second step of

polishing the backside, in contrast to ,
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 colloids, preservatives, bilocides, alcohols and

i0 sequestrants.

In the second step of backside polishing the gemiconductor

wafer, a peclishing 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 monomedally.

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

preferably from 5 toe S0 nm.

25 The abrasive substance consists of a material which N
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

30 suspension which centains colloidally dispersed ailica.

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

35  hydroxide (KOH), ammonium hydroxide (NH.,OH), tetramethylammo-
nium hydroxide (TMAH) are preferably not introduced.



the first step, additives such as sodium carbonate (Na2CO3), potassium carbonate (K2002), sodium
hydroxide (NaOH), potassium 35 hydroxide (KOH), ammonium hydroxide (NH4OH),
tetramethylammonium hydroxide (TMAH) are preféably not introduced. 12 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 polishing the semiconductor wafer, a
polishing agent containing abrasive is likewise used. 10 The polishing 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

polishingragepicts suspensiansisorefesally srsm Onb ton20vui:8: pasticiddrly prederablyrisem 0.25 to 1

o : ; ; . ; .
wt.%. The L_J’éze dlSél‘ébUtl,Oﬂ of the abrasive SYbStanC% gartlcles is bPreferegpl¥ an ?\%1 m%nomodally. 20

The avefig&particie’size %Sfror%%rtoeﬁﬁdnﬁ ettt o teraBfy ffom 5t eHbrasive

substaneecansistsagfennatariafiwdichf actants, stabilizers acting as
5 protective colloids, preservatives, biocides, alcochols and

sequestrants.

In the third step of backside polishing the semiconductor

wafer, a polishing agent containing abrasive is likewise used.
16

The polishing 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 wt.#%.

The size distribution of the abrasive substance particles is
preferably shaped monomodally.

26
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 mechanically removes the substrate material, preferably one or

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

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 sgsodium carbonate (Na,C0i),
potassium carbonate (K.C03), sodium hydroxide (NaOH), potassium
hydroxide (KOH), ammonium hydroxide (NH,OH), tetramethylammo-

35  nium hydroxide (TMAH) are preferably not introduced.



25 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 @tep of polishing the backside, in contrast to the first
step, additives such as sodium carbonate (Na2003), potassium carbonate (K2C0O3), sodium hydroxide
(NaOH), potassium hydroxide (KOH), ammonium hydroxide (NH40H) , tetramethylammo- 35 nium
hydroxide (TMAH) are preferably not introduced. 13 The polishing agent suspension may however
contain o&ee or more other additives, for example surface-active additives such as Wettirlllg)agents and
.S

surfactah II:IZ%IPSl ggtir?ggﬁgﬁro%gﬁifengﬁ%?bsr?%yese?\‘fgt\fveexé, %%laaels?af%%ﬁo%ran
sequestatriterBasically i thesserficonduetuphvafers afe pressetiwith ddddit ofes'pelisting hiead" with
their side, éHEfﬁﬁ% tq Qgrp@gsg%ag%ip%@@aqgj_igbingt%apily'g@e% aao,gtgiggligg Jplate. 10 A polishing
head also comprises’a “retainer ring", which encloses the substrate laterally and prevents it from
sliding oFfAE§esHiAg Hehk ARy tREDTAENAG TS T nfobesd PERshifd Aekdd, th&<€miconductor
wafer's gjdesuHfase facing away from the polishing 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 liquid cushion. 20

Basically, the semiconductor wafers are pressed with the aid of

a "polishing head” with their side surface to be polished
against the polishing pad lying on a polishing plate.

10
A polishing head also comprises a "retainer ring", which
encloses the substrate laterally and prevents it from slidiﬁg

off the polishing head during the polishing.

15 In modern pclishing heads, the semiconductor wafer's side
surface facing away from the polishing 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 liquid cushion.

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 sc 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 muiti-plate polishing
machines.

35



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’fhe 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. 14 It

is preferable to use multi-plate polishing machines with preferably two, more particularly, preferably
three pol?sthiﬁ'& p%ﬁéa Sh %ﬁs%‘lﬁg Tﬁﬁgdrsﬁ}J ﬁf%argr#;)toﬁf ﬁﬁe%]lp%M g ahd' &ﬁ%r%ﬁ?spoﬁh%% agents may

also be yseelfinthislgasewoln thereethadtEceolding Yo treeibesriicry atpotisairepdddiwhi® contains an
abrasiveﬂ@g@cgrgp@gli@gﬁqﬁggli%gggad (FAP W or FA pad) is used for all three backside

polishing steps. Suitable abrasive Substances comprise for example particles of oxides of the elements
cerium, aluminum, silicon or zirconium and particles of hard substances such as silicon carbide, boron

15 nitriderang giasmengHartiedlagy suitablerlighingaasisthayeld strfaee topegtaphydmparted by
replicated micrqstructures. These, microstructures ("posts"”) have, for example, the shape of columns
with a 207 c%i@al%ep%ﬂ)}ébn% &fbssxEction or the shape of pyramids or pyramid frustums. More
detailed descriptions of such polishing pads are contained, for example, in WO 92/13680 Al and

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

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

Suitable abrasive substances comprise for example particles of
oxides of the elements cerium, aluminum, silicon or zirconium
and particles of hard substances such as silicon 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 columns with a

20 c¢ylindrical or polygonal cross section or the shape of pyramids

or pyramid frustums.

More detailed descripticnsg of gsuch 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. alsoc for example
U36602117Bl 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 um and less than or egual to 1.0

mm.



25US 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 preferablysgreater than or equal to 0.1 pm and less than or
equal to 1.0 gm. 15 If a high backside roughness at the top of the claimed range is desired, then FAP
pads with grain sizes of 0.5-1.0 Am will preferably be used. 5 If a low backside roughness is desired,
FAP pads with grain sizes of 0.1-0.25 Am will preferably be used. Using FAP pads with grain sizes
much smaller than 0.1 Am or much larger than 1.0 gm does not lead to the desired outcome. 10
Furthernidre2e 838 pohstilig bfthersaiaicpRadetdE waler i§ phefefablf BafbdRRONTREER/ralfy) rotating

chuck, bergingdagethgethersgmiserducior wader-angd a ceatalrrafating pelisiingsdnum which is
inclined relative to the chuck and 15 carries a polishing pad containing fixed abrasive, and pressing
togetherRAE SERAQINAURTor#&8r 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

edgg (produged by means of conyentional edae grinding 8tads) pags wich grain

gizes of 0.1-0.25 um will preferably be used.

Using FAP pads with grain sizes much smaller than ¢.1 um or

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

Furthermore, 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

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 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 pad with little compressibility and containing
fixed abrasive is adhesively bonded, while supplying an

alkaline solution.

3¢ Preferably, a smoothing step is then carried out in a second
step on the same polishing pad while supplying a silica sol,
for example Glanzox 3800 with about 1 wt.% Si0,.

For this edge polishing, the same polishing agent solutions and
35 suspensicns are preferred as in the frontside and backside

polishing according to step ¢} of the method.



This semiconductor wafer is polished either before or after n step c) 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 soltgion. 30 Preferably, a smoothing step is then
carried out in a second step on the same polishing pad while supplying a silica sol, for example
Glanzox 3900 with about 1 wt.% Si02. For this edge polishing, the same 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 used. In particular, in the edge
polishing it is also preferable to 5 use a polishing pad containing abrasive in the form of particles with a

size of from. 0L mn 10 1.0 mpp Thearticlenare praferably splegtaskfion thagaoup consisting of
oxides of the elements cerium, aluminum, silicon and W zirconium. Examples The tests were carried
out on a polishing machine of the "nHance GEG" type from Strasbaugh Inc. The polishing machine

from Strasbasghrlbeuhas a polishing piateavitivd pelishing padianda polighted deat L whioh processes
a semiconductor wafer fully automatically. The 20 polishi heaqéi lﬁn'v ug unted and
compriséisS 8 f&e@%ﬁaﬁggé S WRIC ig%%ggﬁe%v%ﬁh%% %%%%8 pla 'ftaréd ?’%o ilge]fr)etainer ring. Air
cushiongy@rowhithshe Semicorgiletorafafér fimate during the pbliShiag.-can be set up through holes in
the base plate in two concentric pressure zones: an inner pressure

The particles are preferably selected from the group consisting
of oxides of the elements cerium, aluminum, silicon and

i zirconium,
Exanples

The tests were carried out on a polishing machine of the

15 '"nHance 6EG"” type from Strasbaugh Inc.

The polishing machine from Strasbaugh Inc. has a peolishing
plate with a polishing pad and a polishing head, which
processés a semiconductor 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, and keep it flat.

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

The second polishing step was carried out using Glanzox 3200%
(1 wt.%) without K:CO; and in general with the same polishing
15  pressure as step 1.



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, and keep it flat. 30 In all the tests, polishingiStep 1 was a stock polishing step with 1(2003
solution (0.2 wt.%). The second polishing step was carried out using Glanzox 3900* (1 wt.%) without
K2CO3 and in general with the same polishing 35 pressure as step 1. 17 Glanzox 3900* is the
product name of the polishing agent suspension which is provided as a concentrate by Fujimi
Incorporated, Japan. The undiluted solution has a pH of 10.5 and contains about 9 wt.% of colloidal

5i02 witlF aARRRFage BAtickSsite 8 RERAYT T 26 C FrHd HirBpolishingStéPGAE carried out while
supplyingclaazex 38011 avt. % sand-withautK 2E O3, @ntawitt & awersko palisting pressure than in
substeps 1 and 2. Optignally, step 3 |s followed by a low-pressure polishing step while.supplying
surfacta @céjrrﬁj?féacggr%z +“¥BR/3 deilglﬁlfaie‘dr\l/%a g%t.: ?é) 'Isegs S ?vé?encarﬁgd% %wtrﬁgllflg g%)ds which
had differsdt gramt sizes ofifront0.4 tetl. Ann f Fopiletabis siféwa iwitdfiguresvapalishing pad with

cerigm 2;9&19)9 gggr@\é%fié%d in it wasyised, ag described for example in US 6602117 Bl. The

average particle size was 0.5 Am. 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 SUBATM
from Rohm & Haas, for example the SUBA' 1250 ("stock pad") or a typical CMP polishing pad
( ﬂmsmn‘?h%adt?nsf%%h Séf?%r?ﬂ\"g 3%8%0\5%8 carried out while supplying

Glanzox 3900 (1 wt.%} and without K;CO;, and with a lower

10 polishing pressure than in substeps 1 and 2.

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 um.

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

The average particle size was 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 series SUBA™ from Rohm & Haas,
for example the SUBA™ 1250 {*stock pad"} or a typical CMP
pelishing pad ("finishing pad") such as the SPM 3100 from

30 Rodel®.

Fig. 1 shows roughness values of the backside of silicon
semiconductor wafers with a diameter of 300 mm processed
according to the invention. 15 tests were carried out under

35 different polishing conditions. Roughness values of from 1.3 to
4.5 nm were found (250 um filter).



30Roder:). Fig. 1 shows roughness values of the backside of silicon semiconductor wafers with a
diameter of 300 mm processed according to the invention. 15 tests were carried out under 35 different
polishing conditions. Roughness values of from 1.3180 4.5 nm were found (250 Am filter). 18 Tests 1 to
9 comprise a stock polishing step with K2CO3 solution (0.2 wt.%), followed by a second polishing step
using a polishing agent solution (Glanzox 3900) without supplying K2CO3 5 and a third polishing step
with Glanzox 3900 without supplying K2CO3, and with a lower polishing pressure than in the first two
polishing steps. 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

DIN beingesitpplied 15 Fig: Grlikevdse shaws roughsesstyalitesdor semicanducter,wakars preeessed
according to the inve tio&.{ﬁ Here, roughness values o fro%B to about 1.7 nm were found 20(250
ism filter) Here"dyain, alfRE ISR EomprR e G Bo R WIH% SSIRRIN3REsbre of 10-13 psi

while supplyingHdi200aselntioscd sedond pdisamegestep WHile supphong Glamok,30G9 Wittica
5 and a third polishing sgtep with Glanzox 3900 without supplying
K,CO;, and with a lower polishing pressure than in the first two

polishing steps.

Thus, the polishing pressure in each of the first two steps is
10 between 7-13 pgi, while in the third peclishing step it is 0.5-2

psi.

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

Fig. 2 likewise shows roughness values for semiconductor wafers

processed according te the invention.

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

Here again, all the tests comprise steck polishing with a
polishing pressure of 10-13 psi while supplying K;CO; 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 mi/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 ml/min.



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, thEpolishing agent flow rate in the second 30
polishing step was 100 ml/min. Patent Claims: 1A method for producing a semiconductor wafer,
comprising: a) providing a semiconductor wafer by cutting a silicon rod into wafers; b) rounding the
edge of the semiconductor wafer, so that the semiconductor wafer comprises plane surfaces on the
frontside and backsjde and rounded oblique surfaces in the edge region; c) polishing the frontside and
backsidé BF R %smizsRfctor 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,scypieqndiciar waler Reing carted Q4L R ke 8PS, - 8aeh casgsiag agolishing

pad which contains an abrasive stance boun ing pad and is pressed with a polishing

pressure onto thé backsiesisiiRg sanfasmdteistyraTer, dpdirhidg ageHt Wihieh & fdd £6&lids being
introduced betwegn ther20 palighiag pad and the backside of the semiconductor wafer in the first step,
while a polishing agent which contains abyrasive substances js introduced in the second and third

steps, a polishifg preSSttBSH 815 B if 95E fifdt ahBSeRERd SRFEEING réf it 10 755755 in the

third step. 25 21ihe methbebasidaimed wedlain dofurtheseore tamprising £ aly epitaxialiyreoating the

ﬂmﬂsMe(ﬁthegggHgg} éngﬂﬁa%ﬁckside and rounded obligque surfaces in the
edge region;

10 oy polishing the frontside and backside of the
semiconductor wafer, the frontside pelishing comprising
chemical-mechanical polishing using a polishing pad which
ig free of abrasive fixed in the polishing pad; the
backside polishing of the semiconductor wafer being

15 carried out in three steps, in each case using a polishing
pad which contains an abrasive substance bound in the
polishing pad and is pressed with a peolishing pressure
onto the backside of the semiconductor wafer, a polishing
agent which is free of solids being introduced between the

20 polishing pad and the backside of the semiconductor wafer
in the first step, while a pelishing agent which contains
abrasive substances is 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.

25
2. The methed as claimed in claim 1, furthermore comprising:
d) epitaxially coating the frontside of the
semilconductor wafer.

0 3. The method as claimed in c¢laim 1 or 2, wherein the
polishing agent solution in the first step of backside
polishing the semiconductor wafer contains deionized water
(DIW) .

35 4. The method as claimed in claim 3, wherein the polishing

agent solution contains compounds such as sodium carbonate



30 3.The method as claimed in claim 1 or 2, wherein the polishing agent solution in the first step. of
backside polishing the semiconductor wafer contains deionized water (DIN). 20 (Na2CO3), potassium
carbonate (K2CO3), sodium hydroxide (NaOH), passium hydroxide (KOH), ammonium hydroxide
(NH40H) and tetramethylammonium hydroxide (TMAH) or any mixtures thereof. 5 5. The method as
claimed in claim 4, wherein the pH of the polishing agent solution is from 10 to 12 and the proportion of
said compounds in the polishing agent solution is from 0.01 to 10 wt.%. 10 6. The method as claimed
in claim 1 or 2, wherein the polishing agent suspension in the secondegr)}llishing step cqntains particles

of one or more R HEDKide POCHBTISMRRFAGHHTIN (BafGm or SHEEHT 57 SHRE é%hod as claimed
in claim 6, wheraiadiag polishing agant suspessionds crtieidall\=dispersed siietr8xTte method as

claimed in one gf cla}i);? 1ato 7, vgh(]a:re!inn tt}%é%pn?‘!?ighi{# al_g %olntgl{i{laéix%msi\é%sgp}stgnces in the
form of particle T ostidle S5 Ins BrERBRtE HO, Afdminum, siiicon and Zirconium or pa}r’tlcles
selected of hardisabstanses kackas silicon carbide, boron nitride and diamond. '
5
5. The method as claimed in claim 4, wherein the pH of the
polishing agent sclution is from 10 tc 12 and the
proportion of said compounds in the polishing agent
solution is from 0.01 to 10 wt.$%.
10
6. The method as claimed in claim 1 or 2, wherein the
polishing agent suspension in the second polishing step
contains particles of one or more of the oxides of the
elements aluminum, cerium or silicon.
15
7. The method as claimed in claim &, wherein the polishing

agent suspension is colloidally dispersed silica.

8. The method as claimed in one of claims 1 to 7, wherein the
20 polishing pad contains fixed abrasive substances in the
form of particles of oxides of the elements cerium,
aluminum, silicon and zirconium or particles selected of
hard substances such as silicon carbide, boron nitride and
diamond.
25
S. The method as c¢laimed in claim 8, wherein the particle
size of the abrasive substances bound in the peolishing pad
is greater than or egual to 0.1 um and less than or egual
to 1.0 um.
30
10. A semiconductor wafer produced by the method as claimed in
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
35 gurfaces in the edge region, and which has an average

surface roughness R, of from 0.05 to 0.2 nm on the plane



25 9. The method as claimed in claim 8, wherein the particle size of the abrasive substances bound in
the polishing pad is greater than or equal to 0.1 gm and less than or equal to 1.0 Am. 30 10. A
semiconductor wafer produced by the method as claimed in 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 oblique rounded 35surfaces in the edge region, and which has an average surface
roughness Raof from 0.05 to 0.2 nm on the plane 21 surfaces of its frontside and an average surface
roughness Ra of from 0.3 to 4.5 nm on the plane surfaces of its backside, both expressed in terms of a
spatial wavelerijt fessethan br egafo2BEilde BRdsaRicoONETasE WA aCEamRMPIR@aRN 10,

wherein the rogndeg sgrfages,on the frantside-anghbagkside have an avarage swfacegoughness Raof
from 0.5 to 2 nm. A semiconductor wafer produced by the method as claimed in claim 2, having a

polished and eSS GoatE® FanfIRE SP561-NeR BetkEitendta FRHdEY ARy & sRBd dtige, which
comprises planesstifaceaondhe depniside angsaackside and oblique rounded surfaces in the edge
region, and which has an average surface roughness Ra of from 0.05 to 0.2 nm on the plane surfaces
of it§ epitaxially coated frontside and an average surface roughness Ra of from 0.3 to 4.5 nm on the
plane sutfaces Bits denksidechsth @xpredted iastertisdfredpatial wWaitendgth lessaraanr equal to

250 pcm. The sqmicopduciarwaler Az clamad inglaiey L2 whigh haganavarage surace rayghness

Ra of from 0.5 to 6 nm on the oblique and rounded surfaces of the frontside, and an average surface

roughness Ra 8FMFHRIES 852 FRTBNTREIPIGSS afie fdundedutraces of fis Blckside.

10 12. A semiconductor wafer produced by the method as claimed in
claim 2, having a polished and epitaxially coated
frontside, a polished backside and a rounded and pclished
edge, which comprises plane surfaces on the frontside. and
backside and coblique rounded surfaces in the edge region,

15 and which has an average surface roughness R, of from 0.05
to 0.2 nm on the plane surfaces of its epitaxially coated
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

20 equal to 250 um,

13. The semiconductor wafer as claimed in claim 12, which has
an average surface roughness R, of from 0.5 to 6 nm on the
obligque and rounded surfaces of the frontside, and an

25 average surface roughness R, of from 0.5 to 2 nm on the

obligue and rounded surfaces of its backside,



