2008P00105DE/KI Method for producing and method for processing a semiconductor wafer  The
. invention relates to a method for producing and also a 5 method for processing a semiconductor
wafer. Semiconductor wafers as substrates for particularly demanding components having < 22 nm
minimum steyctgire fergbrthat is to say 22 nm Design Rule according to ITRS ("International 10
"Technology Roadmap for Semiconductors"), have to be particularly flat. The flatness of previous
wafers is limited by a decrease in thickness in the wafer edge region ("edge roll-off") and by
non-uniform material removal resulting from fluctuations in the local bond strength, e.g. on account of
15 radially fluctuating dopant incorporation as early as during the crystal pulling process and is
therefore unsuitabla febs 22-pusiiuciUESs: \&g{a%hmmt@&ﬁ Honsible feehot-eifieeisds the
chemical mechanical polishing process that is use %&be end of each chain of process steps for
producing 20 substrate wafers according to the prior art in order to remove residual damage of the
crystal structure of layers near the surface and to obtain a particularly low roughness. In the prior art,
the polishingiprocess:is:dcamiededuting25 oelative imhoverhent betwken waferrahd: pelisking pad under
pressuee ancLwith supply g-aRolishing ageni(shkirna.dhe palighing agent usually contains colloidally
dispersed silica sol in alkaline slurry; by contrast, the polishing pad contains no abrasive. The interplay
between the mechanically grinding 30 effect of the silica sol and the chemical attack of the alkaline
polishing adait then dripigerabtutane matefiaPrmeisideddingrethé Siedthihng srirAwafer surface.

components having < 22 nm minimum structure length, that is to

say 22 nm Design Rule according to ITRS ("International
10 Technology Roadmap for Semiconductors™), have to be

particularly flat. The flatness of previous wafers is limited

by a decrease in thickness in the wafer edge region ("edge
roll-off") and by non-uniform material removal resulting from
fluctuations in the local bond strength, e.g. on account of
15 radially fluctuating dopant incorporation as early as during
the crystal pulling process, and is therefore unsuitable for
£ 22 nm structures. What is essentially responsible for both
effects is the chemical mechanical polishing process that is
used at the end of each chain of process steps for producing
20 substrate wafers according to the pricr art in order to remove
residual damage of the crystal structure of layers near the

surface and to obtain a particularly low roughness.

In the prior art, the polishing process is carried out by

relative movement between wafer and polishing pad under
pressure and with supply of a polishing agent (slurry). The
polishing agent usually contains colloidally dispersed silica
sol in alkaline slurry; by contrast, the polishing pad contains
nc abrasive., The interplay between the mechanically grinding

30 effect of the silica sol and the chemical attack of the
zlkaline polishing agent then brings about the material removal
ieading to the smoothing of the wafer surface.

Simultaneous chemical mechanical double-side polishing (DSP} is
35 known in the prior art. In DSP, a plurality of semiconductor

wafers are processed in material-removing fashion

simultaneously on both sides between two colinear working

disks. In this case, The working disks bear polishing pads
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. plurality of semiconductor wafers are processed in material-removing fashion simultaneously on both
sides between two colinear working disks. In this case, the working disks bear polishing pads
_2008P0010518/K @1 whimdy/eantain no substances with abrasive action, and a polishing agent
containing substances with abrasive action is fed to the working gap formed between the working
disks. Substances with abrasive action are charactefized in that they 5 are harder than the material of
the workpiece. Silica sol (Si02) is preferably used in DSP. Si02 is harder than silicon. The silica sol is
usually a colloid having grain sizes of the sol particles of between 5 nm and a few micrometers. In
DSP, duringpresessing S0e olA phnatityrefsemicondustos wafers; 10 ase insgitedinto one or a
plurality of iy gulide gages that are moved by.a,[oling apearaus, whichis famed frgm &g inner and
an outer toSthe ring an %vehlch IS arrange% concentrically with respecjf?o the working disks, in the
working gap S this ciSe the'setficeRbucforttadeRS G886 e ERardcteristie £5-ydloidal trajectories on
the surfaceSwfthe workingidisks fplanetarygeat @inematicsl: Thetmatertat removhkis hriowght about

by relagive movemeniof palishing,rad and,semicopdugtorwafer upder loachand the frictional effect of
the polishing a%%nt. 20 Onefexerg[ila% emcpo_dirgi%)of SOP of si icor&wafecrg is disclosed in US
20030546504 % sultSbR - SpAratus for stich & polisiihg ProcessTis préséntéd in DE 100 07 390
Al. Suitable’§§idé chies fapihd serficenducter Walerslsotalien €aprierss 25 a8 HeseribBe in EP 208
315 DI. Finalty, apauitabkle polishingpacis:krnow feama US 4.2 7 432ombegrior artlikeyrse discloses a
method ca'@%’ﬁ%ﬁ%é@é@@lyﬁgo'W%;1F5@1@£ghaegﬁr@f'29&8@@Jﬁ'{ﬁ%@{%\éﬁr&%@kct”CS" (ILD),

in which a pad is,used which has additives which come into contact with the surface to be processed

and wiich Arethdrde? Ih&T tHe 5GrfatE mMitefiaPtHEraby prodessed i it Hesdibedl foP&kample in
99/55481 ¢ Ancinter|ayeraisietiriccorsisaguir, a fieldbxite (Softsilitohoxiden inner
and an outer toothed ring and which 1s arranged concentrically

with respect to the working disks, in the working gap. In this
case, the semiconductor wafers describe characteristic

15 cycloidal trajectories on the surfaces of the working disks
(planetary gear cinematics). The material removal is brought
about by relative movement of polishing pad and semiconductor
wafer under load and the fricticnal effect of the polishing
agent.

20

Cne exemplary embodiment cf DSP of silicon wafers is disclosed
in US 2003054650A. A suitable apparatus for such a DSP
polishing process 1s presented in DE 100 07 390 Al. Suiltable

guide cages for the semiconductor wafers, so-called carriers,

are described in EP 208 315 Bl. Finally, a suitable polishing
pad is known from US 4,827,432.

The prior art likewise discloses a method called "Fixed-
Abrasive Polishing® (FAP) for the planarization of "interlayer
30 dielectrics™ (ILD), in which a pad is used which has additives
which come into contact with the surface to be processed and
which are harder than the surface material thereby processed.
This is described for example in WO 99/5549%91. An interlaver
dielectric consisis e.g. in a field oxide (soft silicon oxide)
35 grown by deposition of e.g. TEOS (tetraethoxysilane) on a
semiconductor structure in order to isolate different wiring

layers from one another.



3B .grown.hy.deposition.of.e.g.LEQS.Letraethoxysilane).q miconductor.structure in.order.to. .

.isolate different wiring layers from one another. 2008P00105DE/KI 3 Likewise known is
"Fixed-Abrasive Polishing _(FAP) for the isolation of shallow trench isolation” (STI), e.g described in
_US 2008/01&339204k 0 peyielr a pad is likewise used which contains additives which come into contact
with the surface to 5 be processed and which are harder than the material of the processed workpiece
surface, typically Si3N4 and various metals (Cu, PM_2.5; W, HM - 4) for electrical through-plating. DE
10 2007 035 266 Al discloses a method for polishing'a 10 substrate composed of semiconductor
material comprising two-stage FAP polishing, wherein in the first step a polishing agent solution
without abrasive substances-ang inthe.second-step.a pplishing agent sty with abrasive substances
is brought bgtv(\)/feg .FO%P (pgligplirtg %%d gpgnsCL{qlbs:tLrg{tﬁ ];he mwet?e % :}E:a'h 15 comprise an additional CMP
step (pad without aklzirasives, poaflsﬁlng agent slurry with aBrasives): “]'he%b%i/e RitionddFAP methods
are grindind’metR8d<, Tro85°6, 854, 451 1821 9D Acdordingo BIReBS86E, wiR@inisunderstood to be
a separatingsnethodsnadadich ithe fomwh iof ta workpides is ehangee:by etiminatingsthesmaterial cohesion
by means of mechanicalaction.at fheprogessing,lacation, 4 majerigl.particle,removgel by mechanical

action is referred to as a chip. Examples qf 25 chip-removing processing methods include grinding,
sawing, filing” Ry urit ,prhﬁﬁﬁg,sdlrﬁﬁr?&eplapfi%%lgﬁ& %Igegﬁr?&%ﬁﬁgin‘é% Histinhgt from

them in that!thé chilipthgPtakBs piflce by )méans of agjevmettically indétemhimate gutting edge since
many abrasive bodies are in engagement with 30 random orientation of their cutting edges. (In the

case of savggg,lf(yi%éb}rrug%, @Eloj’n_%ldr&ﬁ@% EQQ é)gagir}gég g/dorl% ar Jf\j/_vs%lf;fting edges are in

enga%ement with predetermined orientation with respect to the w,orl%pi ce sur a%g.)aA cutting edge that
can chinge tHeShateral COMRRRS T o PtheRBHEHBER L85 diétinftishe dByRRTE Rkt thdtieis composed
material thakisHieét dee thah that of the wearkpiecethe first step a polishing

agent solution without abrasive substances and in the second

step a polishing agent slurry with abrasive substances is

brought between FAP pclishing pad and substrate. The methed can
15 comprise an additional CMP step (pad without abrasives,

polishing agent slurry with abrasives).

The abovementioned FAP methods are grinding methods, cf.

Us 6,824,451 BZ.

20 According to DIN 8580, "grinding” is understood to be a
separating method in which the form of a workpiece is changed
by eliminating the material cohesion by means of mechanical
action at the processing location. A material particle removed

by mechanical action is referred to as a chip. Examples of

chip-removing processing methods include grinding, sawing,
filing, cutting, turning, milling, drilling, planing and
shearing. Grinding 1s distinguished from them in that the
chipping takes place by means of a geometrically indeterminate
cutting edge since many abrasive bodies are in engagement with
30 random crientation of their cutting edges. (In the case of
sawing, filing, turning, milling, drilling and planing, only
one or a few cutting edges are in engagement with predetermined
orientation with respect to the workpiece surface.) A cutting
edge that can change the material cohesion of the workpiece is
35 distinguished by the fact that it is composed of a material
that i1s harder than that of the workpiece.



2008P00105DE/KI 4 In the prior art of the FAP methods, the wear of the abrasive bodies results from
.microfracture, whereby new cutting edges are constantly produced, and from liberation of abrasive
grain, whereby new layers of fresh abrasive grain are exposed. This 5 mechanism is described for
_example in 143 6:824,453#32:1Grinding methods are distinguished by the fact that they produce crystal
defects, These are brittle fracture crack systems, lattice dislocations, mosaics (small-angle grain 10
boundaries), surface layers with amorphized structure, scratches, etc. In chemical or chemical
mechanical processing methods according to the pn%r art, the reaction of the etchant or polishing 15
agent with the semiconductor surface brings about the material removal. Examples of etchants include

HF and HNG3 (acidig etehing)-or KOHLIMAL (teframethyiammopium hydrexide), NaQH gtc. (alkaline
etching). P(%Iisgin% agentslg_ont?in OH-.as re ctagtu%alkallne silica 601). In this case, the reaction 20

depends on’the franSport of the Téactive Starting subistandes Witkin fHe'efchiriy 8 psiiHirig liquid and
to the semi@difd GEIOF SBFFACE, OF 5! fafiperdtdre Tthbldvhcehtiationarid: 1a partcuwas b the local

material compesition are on:thernatetiat preperiiesakacal material sempositinnshould he 25
understood fo mean dhe presence. ofaxdes, metals or other materials algngsids the semiconductor

material used (e.g. silicon, germanium, Ill-V semiconductors, compound semiconductors). Material
properties that influence the reaction are afforded for example by the presence of dopants 30 and by
the dopant €oacéitrationgs:hods are distinguished by the fact that they

produce crystal defects. These are brittle fracture crack
systems, lattice dislocations, mesaics {(small-angle grain
10 boundaries), surface layers with amorphized structure,

scratches, etc.

In chemical or chemical mechanical processing methods according
to the prior art, the reaction of the etchant or polishing

15 agent with the semiconductor surface brings about the material
removal. Examples of etchants include HF and HNQOs; (acidic
etching) or KOH, TMAH (tetramethylammonium hydroxide), NaOH
etc. {alkaline etching}. Polishing agents contain OH as
reactant (alkaline silica sol). In this cass, the reaction

20 depends on the transport of the reactive starting substances
within the etching or polishing liguid and to the semiconductor
surface, on the temperature, on the concentration and, in
particular, on the local material composition and on the

material properties. Local material compesition should be

understood to mean the presence of oxides, metals or other
materials alongside the semiconductor material used (e.q.
silicon, germanium, III-V semiconductors, compound
semiconductors) . Material properties that influence the
reaction are afforded for example by the presence of dopants
30 and by the dopant concentrations.

The chemical mechanical polishing by means of silica sol that
is known in the prior art brings about a material removal from
the processed surface by means of a three~body interaction,

35 namely between polishing pad, silica sol and the wafer surface.

Said three-~body interaction has the effect that the material

removal 1is not effected in a path-determined manner, that is to
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.material removal from the processed surface by means of a three-body interaction, 35 namely
between polishing pad, silica sol and the wafer surface. 2008P00105DE/KI 5 say not exclusively
_along the patvdeserimerbby mrpoint on the polishing pad over the workpiece surface, but rather is
additionally determined by the dynamics of the silica sol particles in the polishing agent film
established between pad 5 and wafer surface (convgction, turbulence, diffusion). Nonpath-determined
processing is distinguished by the fact that the material removal is not deterministic, that is to say is
determined only by the cimenatics of the tool. This leads to an undesirably convex wafer form on
account of aperingofthe il walaredge awingto palishing agent.deplefion from;the ywaferedge to the
wafer center or :{%}Jﬁ% [\ p%@f%r@&t:ia%mat%r{i)al. rema%\éal a Ioicgéigns wijch %g%rrrgécally structurally or
electronicaﬁ)y uctuati roperties. gel'he fo}f%wmg are Jﬁnown”inkfﬁe prior art as further methods for
processing %@ﬁ%éﬁ’@@iﬁymé@ﬁ%&ﬂti@ﬁ tdBoserRshticRed BbbYe: Hibididk ¥ blane-parallel
lapping (forshort: dapping): 20iusing locse graince:.g: disclosessndiS 200440043763 Al, pplane-parallel
grinding withappingekingmatics{Plangtan: Pad.Crinding, PEG)Using grainshondedqin.an easily
changeable w £@gg %axﬁerﬁabrasive (pad" , €.9..explained in 25 DE 1?@2200,6 032 455 Al, suitable
abrasive pdifs being destibed &4 R 08 8607407 aRd U B5881 77 B2; “Sfuitiheoudtouble-side
grinding betdée a6 chiihedfarahged cup-gaRdMEdiBRS (DoublelBiskiGrinding2PDG), e.g.

determined only by the cimenatics of the tool. This leads to an

undesirably convex wafer form on account of tapering of the
1¢  wafer edge owing to polishing agent depletion from the wafer
edge to the wafer center or to locally preferential material

removal at locations with chemically, structurally or

electronically fluctuating properties.

15 The following are known in the prior art as further methods for
processing semiconductor wafers in addition to those mentioned

above:

- two-disk or plane-parallel lapping (for short: lapping)
20 using locse grain, e.g. disclosed in US 2004/0043709 Al;

- plane-parallel grinding with lapping kinematics (Planetary
Pad Grinding, PPG) using grain bonded in an easily changeable
working layer ("abrasive pad"), e.g. explained in

DE 10 2006 032 455 Al, suitable abrasive pads being described
e.g. in US ©007407 and US 6599177 B2;

- simultaneous double-side grinding between two colinearly
arranged cup grinding disks (Double-Disk Grinding, DDG), e.g.
30 explained in US 2003/0060050 Al;

- Single~Side Grinding {8S8G), alsc called surface rotation

grinding, or Single-Side Fine-Grinding, SSFG), implemented as

single-side processing step or processing step on both sides by
35 means of seguential single-side processing of the front and

rear sides of the semiconductor wafer, e.¢. explained in

EP 272 531 Al.



30 explained in US 2003/0060050 Al; Single-Side Grinding (SSG), also called surface rotation
grinding, or Single-Side Fine-Grinding, SSFG), implemented as single-side processing step or
processing step on both sides by 35 means of sequential single-side processing of the front and rear
sides of the semiconductor wafer, e.g. explained irPEP 272 531 Al. 6 In the prior art, the production of
an alway§ IE)ri 1arily convex wafer form cannot be avoided sin(%e the polishing aggnt always has to be
fed to the working gap Betiweeh wafer RUHAGE ahy p&d stiffade Vi the*sdge b the GARIEA depletion
of polishiig &gjent tHerefsrersdeups fronvihieddge tothe tenter bf td mafer; e material removal is
thus greatersatiberedge=thandinithe cepteriefdhg svafesdwbich leads.to an edge roll:off of.the wafer
thickness. | at for, fut plications the wafer. area can be used as intended (ITRS -
"Internat%ﬁ%l%%grﬁ% q%%a%%n%% o% éé%i%%%%for%”)g%gr r%r%cr)nnaﬁ‘gé & excldgidn zone having a

width. of T$if: it SHoUTd Befendéatiored 16 RVORES RSN Edgetoll i possiblé.Fhe prior art still
does not ‘fféer a-corvincing solution-ferhvis Lon siccbunt of:theproblems putlinegkabove; Embodiments

of the present inventionsseek.to provide amethod;that achieves high flainess right through to the edge
of the sewé@enjg%%%rc {%ferslt iifurthe morghknowp tha;j.}during the pulling process, for example,
dopant is incorporated with radially fluctuating density intd the sifgie crysfat st drises. This is
described &'¢An3NSe. AfinBA; SHeBn TPystalgiowtH, CHEl Growth:eErom Furramentals to
Technologyc 20040238270 T heaadiallyftuctdating-depantgoneentratiandeads (e correspondingly
radially fluctuating slecteopicptoperiies of ihe wafers,praduced from the,single grystal by means of
slicing. Sg(t))seg}uegt processing steps for planarizing the wafer, the material removal meéhamsm of
which steps i BasedsiT &IEAtroHiE ntEFAction: therefotesipetience ¥ réthaval raté tidtfictuates
radially if'&@é€ordance Wit the doparitcohcentration.iThey includei all chemical@nd:chigmo-mechanical
processimg stepsoinipatrticalar etching arg eékemical mechanical polishing using silica sol. (The
electronic and electrochemical interactions and removal mechanisms during etching or polishing are
described e.g. in Appl. Phys. A 60, 347 - 363 (1995).) 7 Since etching and, in particular, chemical
mechanigﬂng’ocfiﬁlﬁ%tﬁreoéetﬁﬁal%?%@%né%‘t’@p@%cﬁ%ﬁé‘re‘f&&e‘?ﬁ&?&ﬂ? detdgnirecthe form,
semicondictdr walfdrsyraduéed if aecordance withttheclosest prior drkalways have-amore or less
pronounceshradtally symmetricakflat modulation of the surface. Such height modulations make
semiconductor wafers produced according to the prior art unsuitable as substrates for particularly
demandigs semiconductor components. This is because the latter are distinguished by particularly thin
vertical f

ctiohat Ah0 SepdrAfin Iay/ers BHRé priductiontorthese layirs mivolves refeated use of
polishingeproitesses fonereating planarinterayers during camponent preduction: gy the case of an
uneven starting:surface; preparatings in the,separating jayers £an oceyr during polishing, As a result,
short cirquits arise ip. the migiaslectiopic campopgnts thus, produced, which makes the latter unusable.

From Fundamentals to Technelogy, 2004, p. 239-270. The radially

fluctuating dopant concentration leads to correspondingly

radially fluctuating electronic properties of the wafers

produced from the single crystal by means of slicing.

Subseguent processing steps for planarizing the wafer, the

material removal mechanism of which steps is based on

electronic interaction, therefore experience a removal rate

that fluctuates radially in accordance with the dopant

concentration. They include all chemical and chemo-mechanical

processing steps, in particular etching and chemical mechanical

polishing using silica sol. (The electronic and electrochemical

interactions and removal mechanisms during etching or polishing

are described e.g. in Appl. Phys. A 60, 347 - 363 (1995).)



In contrast to etching or chemical mechanical polishing, grinding and lapping have none or only very
little and harmlessly pronounced preferential material removal at electronically modulated regions; for
the removal mechanism underlying these processes is a purely mechanical one by means of structural
separation by chip removal - in the case of grinding by actual chipping by means of fixedly bonded
abrasive, and in the case of lapping by brittle erosive structural fatigue by means of free grain in a

slurry. Enibodiments of tie pretentinvértior st seek (§evoid shBftavecondeptric ihadenesses of
the wafer&itffaces Aceording 16 amsaspect of tie pregentlinventions thereds pravided a first method for

processing:a semicenducioe wafer, comprising acpolshing. process:fbich pfcts materiakremoving
processingi%%b%tgesi%ei%g%gke r‘%%@écpngygt%rl%@ueﬂrfasc%gwuItaneously and in which a polishing pad is
used which contains no substarices with abrasive action, and if Which’a pofisiiing agent is added
which coRtaE s Encas With abradivecictisim lantla palsHingaproeass B, t2608PEALESDE/KI which
effects métetial-rerhovingrprocessing of eitler onerorbathsides of the:semisenduster wafer and in

which a polishingipad isused which bas amigrastructyred surface, and which contains no materials

coming mtgﬁg:w ntact with thC?GS segnlconductor wafer which are harder than the semiconductor material,

and in wHich a polishing agent is aquo%dsv%i]cﬁ%gp% VERIECST Greater thar drefual to 10 and which
contains R StbSfarice’ with BbFasive aétion. 10 Therpolishing process Buisla spetially adapted
polishing processausingracmictostruetitied fad: Rolishing: proeess Aeomespends; to.a chemical
mechanical doubierside polishi 0 sing preferably a silica sol polishing slurry. 15 The method
B S T e

according to the, invenilon differs from the method descri : M that, instead
of two FAP polishiflgprotadses oiie adingoslishiny agemtwith Abrasives ardene Withd abrasives)
and an oftiGial At ditional WP solishirig stepy ohiy-enerspeciatly atapted polisking step using 20 the
microstructyred-pachyvhishesticceads er precedes ashemicalmechanical doublerside polishing

process (QSP). is.pravided. What is ess%ntial to the success of the claimed method is a pH value of
greater than gr equal to 10 for t%épojhléh|n%eaalér(ftrsooﬁﬁﬁb’r%1 %ﬁﬁﬁ& the %ﬁ&ﬁﬂg%%%& using a

microstrUctited F5pad and tha flet thalt the AratéRdls Ehdssae €omponents coming into contact with

the workpiece have a lower hardness than the semiconductor material to be polished. With the use of

a polishinghagentsiuiry containing abrasives,as in.the RAR. palishing pracess, in DE 10 2007 035 266
be unsuccessful., By way of €xample, silicon has a

Al, the mﬁghorgd?io accg\%girj% to :tLhe irg/ggtiog%oul

Mohs hardness of 6.5. Whert polishing silicon v?af%?s_,?ﬁ%?}efgﬁe‘,% golishrfy pad with abrasives

composed* ST fifidialraving a5 dness fewetteh 8565 shduldanarnylevent be used.

p il

electronically modulated regions; for the removal mechanism
underlying these processes is a purely mechanical one by means
of structural separation by chip removal - in the case of
grinding by actual chipping by means of fixedly bonded
abrasive, and in the case of lapping by brittle erosive

structural fatigue by means of free grain in a slurry.

Embodiments of the present inventicon also seek to avoid short—
wave concentric unevenesses of the wafer surface.

According to an aspect of the present invention, there is
provided a first method for processing a semiconductor wafer,
comprising a polishing process A, which effects material-
removing processing of both sides of the semiconductor surface
simultaneously and in which a polishing pad is used which
contains no substances with abrasive action, and in which a
polishing agent is added which contains substances with

abrasive action; and a polishing process B,



AT 4 )

B.90)406, havingaMohs .~
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‘hardness (NH) of 9 approximately 6, but in particular also softer materials, in particular minerals, such
as apatites, 0a5(P04)3(F,C1,0H), some of the softer allanites (Ca,Ce,La,Y)2(Al, Feh(Si0O4)3(OH) (M5
=5 ... 7), bastnaesite, {(€esl/&Y)[(CO3)F]- 4 ... 4,5), monazite, (Ce,La,Nd) 304 (M5 =5 ... 5.5), barium
‘carbonate, BaCO3 (MR = 3.5), barium sulfate, BaSO4 (MR = 3 ... 3.5), wollastonite (calcium silicate,
CaSiO3, MR =4 ... 5) , cerium, yttrium, scandium or ytterbium oxide (Ce02, MR =; Y203; 00203;
Yb203) and many other materials, preferably minerals, having a Mohs hardness MR < 6.5. According
to another aspect of the present invention, there is provided a second method for producing a
semicondutan wafers coptisiag the falloving steps ir-the.arder indiated: 1(a) sgparating a
semicondu%g%in%ie‘%gsct%l i%oewaé%rfézo(nbgisicg%ultaneofui!y rocessing hoth sides of the
semiconductor wafer by means of chiparernoving procassing: (S dorfisi’ﬂ’h]gc e“sdifiiconduRer wafer,
comprising B350I5RIMFFOCESEA, WARhreffdcts prateralrsmevingidreeessing ofbbth sides of a
semiconductonsurface simnttaredusly anskinnwhicheopelishing pagiis msedavhich contains no
substagces uih abragive aetign -and jm which a polishing agentis added which contains substances

with abrasi\gla ction;.and a polishing. process B, which effects material-removing processing of either
one or both Sid&e 5f tHe EEMICShdULGT s Gri&d aRt R WHET A potishifFEAd &' 488d WHick has a
microstructifédvsurfceand Vs R contains Mo materials cohiing ietovdointhctowiti g semiconductor

surface whighase hacder tharhthessemicanduestarsurface, and in which a polishing agent is added
which has a pH value of greater than or equal to 10 and which contains no substances with abrasive

action; (d) chemical mechanical polishing of one side of the semiconductor wafer, wherein less than 1
um isTemoved. RPoIhity pROGSESE of the fifst Thebaldctorarpii@hBddvéttioiiand in polishing
process B instep ¥ of thergeeond msthodaccordidgtedhe ventiomn at teastese side of one or more

conduclor walersnigguided oveeR:OAlINGEWOIKAG.1 double-side polishing

process using preferably a silica sol polishing slurry.

15 The method according to the inventicon differs from the method
described in DE 10 2007 035 266 Al in that, instead of twoc FAP
polishing processes (one using polishing agent with abrasives,
and cone without abrasives) and an optional additional CMP
polishing step, only one specially adapted polishing step using

20 the microstructured pad, which succeeds or precedes a chemical
mechanical double-side polishing process (DSP), is provided.
What is essential to the success of the claimed method is a pH
value of greater than or equal to 10 for the polishing agent

solution during the polishing process using a microstructured

pad and the fact that the materials and pad components coming
into contact with the workpiece have a lower hardness than the
semiconductor material to be polished. With the use of a
polishing agent slurry conteaining abrasives as in the FAP
polishing process in DE 10 2007 035 266 Al, the method

30 according to the invention would be unsuccessful.

By way of example, silicon has a Mohs hardness of 6.5. When
polishing silicon wafers, therefore, a polishing pad with
abrasives composed of a material having a hardness lower than

35 6.5 should in any event be used.

Examples of suitable abrasives include feldspars,
{Ba,Ca,Na,K,NH,) (AL, B,51) 408, having a Mohs hardness (Myg) of



2008P001050E/KI 10 disk under pressure, with rotation and optionally with an additional radial
oscillation movement. In this case, the working disk bears a polishing pad whose surface is
microstructured and contains no substances com'bng into contact 5 with the semiconductor surface
which are harder than the semiconductor surfaceto be processed, and a polishing agent having a pH

valuel0O and con.tainjcne% no dbsubﬁt%n%meg with abrasiive aciion is feidCto the contact zone Rormed from
nd po

semiconductor strtace ishing papd’a gl}l’ ace. 10 Igre%gra%?y, in this case a %gfca ed retainer ring

surround& e s8aicofdictH? WafeP aRd préveRts-fid&ting ady or blfstinty Biring HBEessing. A

pol@sh@n@ﬁppatﬁtgsmmﬁi@mhﬁ@pum@se:is,desmbeﬁljn B5,53A38,574H15 (Fhe=prior art discloses
polishing;pads which can.hesused farpelishing Bragess By, By way, of example,suitakle
microstructured pads are descrlbgd in WO 9924218 or US %152,917. 20 These pads have surfaces

with regdl%?lylﬁ‘r’rg%eﬁoﬁni%rﬁ; local elevat hs??ﬁ&t%l a %]ér%ﬁg%’rra%;%ﬁent of "islands", separated

by “trenctiés™: Thése niefostructurds bfe prodteedby-embossing: Likewiselsiitablé e polishing
pads in which-a@25 micrestructuing-of their surface 15 brought:aboutby tateral modulation of the pad

hardness orlocal elastiohn. .01 by variation eLihe marerial mixure. &y variajion,of the pddition of
suitable fillers, by mechanical compression, Iocafly varying curmgnof the synthetic resin mixture or
admixturee SRS hiabie materials, preferably mihedals, having a Mchs

hardness Mg < ©.5.

According to ancther aspect of the present inventiocn, there is
provided a second method for producing a semicenductor wafer,
comprising the following steps in the order indicated:

(& separating a semiconductor single crystal into wafers;

b simultaneocusly processing both sides of the semiconductor
wafer by means of chip-removing processing;

(<) polishing the semiconductor wafer, comprising a polishing
process A, which effects meterial-removing processing of both
sides of a semiconductor surface simultaneously and in which a
polishing pad is used which contains no substances with
abrasive action, and in which a pclishing agent is added which
contains substances with abrasive action; and a polishing
process B, which effects material-removing processing of either
one or both sides of the semiconducter surface and in which a
polishing pad is used which has a microstructured surface and
which contains no materials coming into contact with the
semiconductor surface which are harder than the semiceonductor
surface, and in which a polishing agent is added which has a pH
value of greater than or esqual to 10 and which contains no
substances with abrasive action;

(e} chemical mechanical polishing of one side of the

semiconductor wafer, wherein less tharn 1 pm is removed.

In polishing process B of the first method according to the
invention and in polishing process B in step ¢) of the second
method according to the invention, at least one side c¢f one or

more semiconductor wafers is guilded over a rotating working



30fibers, etc. Pads suitable for carrying out polishing process B are characterized in that they contain

. no additives coming into contact with the wafer surface which are harder than the 35 material of the
workpiece. Pads containing additives coming into contact with the wafer surface which are harder than
_the material @f slpe wwafeDBUEACE are unsuitable for carrying out the method according to the invention
since these hard 2008P00105DE/KI 11 additives lead to undesirable scratches, roughness and crystal
damage, etc., which would necessitate post-processing. The advantages according to the invention
would be nullified, however, by a post-processing, e.g. by means of a further 5 chemical mechanical
polishing using silica sol in accordance with the prior art, cf. DE 10 2007 035 266 Al. In FAP methods
for ILD plagarizationisf. Wes 98(65491, the fietd: axiderhas al Mehs bardnegswof tietween 3 and 5.
Additves 19eampasege.g of 203 (Mops bardaess M) YAZ0BINMEY SIG (1M 9.0

quartz-like Si102 2 (HM 6) or other materials are added to the FAP pad The additives are
therefore cﬂﬁﬁﬁszé‘é &r]mﬁté%f’:% WHick afd harder thar tHE MisteFiaf (068 prScessed. By contrast, the
methods acdordirgtoithieuingdntion 15caressuceessius onfyit peeciselymhizds dverded: i polishing
process B gfithe finst mathod aceording te the inentionand irepoalishirg precass:B.4n step c) of the

second method acc%rdlnc%to he @ggntlgn $I§70 %ggecrg%% é%he %@afée %g asthe (?QJiléglﬁlg process

using a mlcrostructureg adt at is essential to the invention, the materla removal is"effected by

means of tRBHEH it c’tféllnuﬁame]r)?bé%eé%?ﬂﬁé‘ﬁo‘%%ﬁtd?@d%%smaﬁ&?ﬁe workpiece
surface. Theomaterial-removal is efféetédtin & pathzdeterminech nranierrand thepsfore

semiconductor surface and polishing pad surface.
10

Preferably, in this case a so-called retainer ring surrounds

the semiconductor wafer and prevents floating away or bursting
during processing. A polishing apparatus suitable for this
purpose is described in US 5,738,574,

15
The prior art discleses polishing pads which can be used for
polishing process B. By way of example, suitable
microstructured pads are described in WO 9924218 or
US 5,152,917.

20

These pads have surfaces with regularly arranged uniform local
elevatiens, that is a periodic arrangement of "islands®,
separated by "trenches”. These microstructures are produced by

embossing. Likewise suitable are polishing pads in which a

microstructuring of their surface is brought about by lateral
modulation of the pad hardness or local elasticity, e.g. by
variation of the materizl mixture, by varietion of the addition
of suitable fillers, by mechaenical compression, locally varying
curing of the synthetic resin mixture or admixture of suitable
30 fibers, etc.

Pads suitable for carrying out polishing process B are
characterized in that they contain no additives coming into
contact with the wafer surface which are harder than the

35 material of the workpiece. Pads containing additives coming
into contact with the wafer surface which are harder than the
material of the wafer surface are unsuitable for carrying out

the method according to the invention since these hard



4D25 deterministically. No crystal defects owing to chip-removing processing occur. The invention is

, described in detail below with reference to the figures. 30 Brief description of the figures: Figure 1:
Semiconductor wafer with dopant fluctuations and the influence thereof on the surface topology; A)
after procegsing Bnotaecarding to the invention, B) after processing according to the invention.

' 2008P00105DE/KI 12 Figure 2: Semiconductor wafer and the influence on the geometry thereof in the
edge region; A) after processing not according to the invention, B) after processing according to the
invention. 5 Figure 3: Semiconductor wafer with convex thickness profile after chemical mechanical
double-side polishing (A); and the change in said profile after processing according to the invention
(B).10  additives lead to undesirable scratches, roughness and crystal

damage, etc., which would necessitate post-processing. The
advantages according to the invention would be nullified,
however, by a post-processing, e.g. by means of a further

5 chemical mechanical polishing using silica sol in accordance
with the prior art, cf. DE 10 2007 035 266 Al.

In FAP methods for ILD planarization, cf. WO 99/55481, the

field oxide has a Mohs hardness of between 3 and 5. Additives
10  composed e.g. of o-Al,03 (Mchs hardness HM 8); v-A1,0; (HM 8} ;
S51iC (HM 9.5); guartz-like Si0; (HM 7); CeCG; (HEM 6) or other
materizls are added te the FAP pad. The additives are therefore

composed of materials which are harder than the material to be
processed. By contrast, the methods according to the invention
15 are successful only if precisely this is avoided.

In polishing process B of the first method according to the
invention and in polishing process B in step c} of the second
method according to the invention, alsc referred to hereinafter
20 as the polishing process using a microstructured pad that is
essential to the invention, the material removal is effected by
means of two-body interaction, namely between microstructured
pad surface and the workpiece surface. The material-removal is

effected in a path-determined manner and therefore

deterministically. No crystal defects owing to chip-removing

processing occur.

The invention is described in detaill below with referesnce to

the figures.

30

Brief description of the figures:

Figure 1: Semiconductor wafer with dopant fluctuations and the
influence thereof on the surface topology; A} after processing
35 not according to the invention, B) after processing accoxrding

to the invention.



4;11Figure 4: Alteration of the geometry of a semiconductor wafer in the edge region thereof by A)

. processing not according to the invention, B) processing according to the second method 15 according
to the invention. List of reference symbols and abbreviations used: 1: Semiconductor wafer 20 2:
Locally fluckmtimgodapesrancentration 4:Non-uniform material removal 25 5:Surface unevenness 6:

‘Surface flatness 7: Convex form after DSP 8: Plane-parallel form after processing by the first method
according to the invention 9: Convex form after DSE>2+ CMP 2008P00105DE/KI

Figure 2: Semiconductor wafer and the influence on the geometry
thereof in the edge region; A) after processing not according

to the invention, B) after processing according to the

invention,.
5
Figure 3: Semiconductor wafer with convex thickness profile
after chemical mechanical double-side polishing {A}; and the
change in said profile after processing according to the
invention (B}.
10

Figure 4: Alteration of the geometry of a semiconductor wafer
in the edge region thereof by A) processing not according to
the invention, B) processing according to the second method
15  according to the invention.

List of refersnce symboels and abbreviations used:

1 Semiconductor wafer

20

23 Locally fluctuating dopant concentration

iy
2

Non-uniform material removal

5: Surface unevenness
63 Surface flatness
7 Convex form after DSP
30
8: Plane-parallel form after processing by the first method
according toc the invention
9: Convex form after DSP + CMP
35

10: Plane-parallel form after processing by the second method
according to the invention



-11:Holding-apparatus-feras

=3 2eRetatner-FRg-Be=1 3

. Polishing pad, abrasive pad 14 CoIIO|daIIy dlspersed 5|I|ca soI 1015: Depletion, wear, reduction of
the silica sol 16: Front-side decrease in thickness at the edge of the semiconductor wafer 15 17:

_Rear-side dexrease 1o INEKr@ss at the edge of the semiconductor wafer 18: Planoconvex form 20 19:
Biconvex form 20: Semiconductor wafer with decrease in thickness at the edge 21: Prestretched pad
25 22: Front-side increase in thickness at the edge, gf the semiconductor wafer 23: Plane-parallel
form after DSP polishing 30

10

15

20

30

35

11: Holding apparatus for a semiconductor wafer during

polishing

12: Retainer ring

13: ©polishing pad, abrasive pad

14: Colloidally dispersed silica sol

15%: Depletion, wear, reduction of the silica sol

16: Front-side decrease in thickness at the edge of the

senmiconductor wafer

17: Rear-side decrease in thickness at the edge of the

semiconductor wafer

18: Planoconvex form

19: Biconvex form

20: Semiconductor wafer with decrease in thickness at the edge

21l: Prestretched pad

22: Front-side increase in thickness at the edge of the
semiconductor wafer

23: Plane-parallel form after DSP polishing

24: Negative overhang of a semiconductor wafer

The invention c¢laims two~part polishing of a semiconductor
wafer, comprising a polishing process A and a polishing process

B (the polishing using & microstructured pad that is essential

to the invention}.



24: Negative overhang of a semiconductor wafer The invention claims two-part polishing of a
. semiconductor wafer, comprising a polishing process A and a polishing process 35 B (the polishing
using a microstructured pad that is essential to the invention). 2008P00105DE/KI 14 Polishing
_process A comrésponds e archemical mechanical polishing step e.g. using alkaline colloidally
dispersed silica sol. This chemical mechanical polishing step is characterized in that less material is
removed than would be necessary in the 5 case of a,comparative processing according to the prior art
(conventional DSP) in order to completely remove the damage resulting from the previous processing
steps. Said damage comprises disturbances in the crystallinity (Sub-Surface Damage), roughness and
scratches resultiggifromoprevious 20 ehipping processing stepspand alsedeviations from the target
form resultl&g QNN gnggrrg Tgmayval in.px w@ggg@eg@qqﬁg%qg%esd§@}®@@e§@§thacidic or
alkaline etchlng The reduction in remo al durln th| l’hh'%g stteéo onlg b comescgosagléa in the first
place, how&der vﬁéﬁsa ‘¢ohd olf%%?nga% s‘f‘ep Pn accordance with the po |53f1|ng process B is
|mpIementeldld@Wﬁffstlré@rf?n3 dririg hiich fIr RPN AR ral i refeVet. PO IRRRSSRocess B dithen
characterizeddn that theqealishing pad hasca aistasirustuingohiis sorfabe opaimodalation of 20 its
joca) elastidbcani s sutfacedayet s anplied o aslieaieryThe MostbctingBeeferaby

comprises a periodic or random_ height modulation of the pad surface with correlation lengths C25 of
between 16 Bitafd 19 M Bnt 4n QP:r?p"ﬁ'ﬂS’dPe'3 PP IS PRnfUERRaIy 2 - d cemage

comprises disturbances in the crystallinity {Sub-Surface
Damage), roughness and scratches resulting from previous
10  chipping processing steps, and also deviations from the target

form resulting from non-uniform removal in previous chemical

processes, e.g. as a result of acidic or alkaline etching. The
reduction in removal during this polishing step only becomes

possible in the first place, however, when a second polishing
15 step in accordance with the polishing process B is Implemented

downstream, during which further material is removed.

Polishing process B is then characterized in that the polishing
pad has a microstructuring of its surface or a modulation of

20 its local elasticity and this surface layer is applied on a
stiff carrier.

The micreostructuring preferably comprises a perilodic or random

height modulation of the pad surface with correlation lengths

of between 10 pm and 10 mm and an amplitude of 1 um to 1 mm
vertically.

Particularly preferably, the correlation length is between 50
and 5000 pm and the amplitude is between 10 and 250 pm.

30

The modulation of the local elasticity of the pad surface is
best achieved by local variation of the density or of the

material composition of the surface layer.

35 Preferably, the pad alsc contains additional additives in the
form of introduced solids which bring about a microstructuring
by means of modulation of the elasticity {compliance), in which



Particularly preferably, the correlation length is between 50 and 5000 pm and the amplitude is between
.10 and 250 pm. 30 The modulation of the local elasticity of the pad surface is best achieved by local
variation of the density or of the material composition of the surface layer. 35 Preferably, the pad also
_contains additier el Gohtivesin the form of introduced solids which bring about a microstructuring by
means of modulation of the elasticity (compliance), in which 2008P00105DE/KI 15 case, however,
said solids, according to the invention, have to be softer than the semiconductor surface to be
processed. The processed semiconductor material Is preferably silicon. 5 Additives which are added to
the polishing pad in order to alter the elastic polishing pad properties and which can come into contact
with the semicanductai=surfaces piefeealily haye acharciness of at rhestit Mahisi oy thecase of silicon
polishing 10,1t is thus ensyted that the additives are softer fhan the,semiconductarsurface to be
processed. Therefore, an embodiment of the polishing pad which has a microstructuring both in
terms of its shaping and in terms of 15its elasticity is also preferred. On the underside, that is to say
bemmnherﬁﬁgcgn@gaayed semiconductor material is preferably silicon.

5
Additives which are added to the polishing pad in order to
alter the elastic polishing pad properties and which can come
into contact with the semiconductor surface preferably have a
hardness of at most & Mohs. For the case of silicon pelishing
10 it is thus ensured that the additives are softer than the

semiconductor surface to be processed.

Therefore, an embodiment of the polishing pad which has =&
microstructuring both in terms of its shaping and in terms of

15 1its elasticity is also preferred.

On the underside, that is tc say below the hard carrier laver,
the pad can additionally have a further, soft layer ("Sub-
Pad"), which compensates for non-uniformities in the polishing

20 plate as long as the hardness set by the stiff carrier lavyer is
not changed as a result.

The hard carrier laver preferably behaves inelastically in a

lateral length range up fto 25 mm, particularly preferably in a

lateral length range up toe 10 mm.

Some of the commercially availzble polishing pads were tested
for comparison. It was found that the methed can be carried out
according to the invention, and the object on which the

30 invention 1s based can be achieved, only wher the pad has the

essential properties mentioned above.

If the pad does not have any microstructuring, no material
removal at all arises.

35
If the pad contains additives which are harder than the
gsemiconductor surface to be processed and come into contact

with the latter, undesirable scratches can occur on the wafer



the pad can additionally have a further, soft layer ("Sub-Pad"), which compensates for non-uniformities
. in the polishing 20 plate as long as the hardness set by the stiff carrier layer is not changed as a result.
The hard carrier layer preferably behaves inelastically in a lateral length range up to 25 mm,
particularly preferablyds me2% tateral length range up to 10 mm. Some of the commercially available
“polishing pads were tested for comparison. It was found that the method can be carried out according
to the invention, and the object on which the 30 inv%ngion is based can be achieved, only when the pad
has the essential properties mentioned above. If the pad does not have any microstructuring, no
material removal at all arises. 35 If the pad contains additives which are harder than the
semicondugter sufaceta befprocessed andseomme drtoreaniaciwith el latterauedesirable Sesatches
can occur ogcwe\gg@r$§09%§go;,9§_pE/KI 1_6 surfa(_:e. Th_e d(_aswec_i low surface roughness and_
damage cannot be achieved In this way. During the investigations it was found that upon selecting 5
suitable polishing pads and process parameters during the polishing using a microstructured pad that
is essentiallothednvertiom matetigkiemovalidcanvee obtaingd Withoutzoharmsfuk parasitic abrasive

effect (scratehesaraughnesssgiysiabads and process parameters during the
polishing using a microstructured pad that is essential to the
invention, material removal can be obtained without a harmful
parasitic abrasive effect (scratches, roughness, crystal
damage} and without the undesirable properties of chemical
10 mechanical polishing using colleidally dispersed silica sol

{edge roll-off, short-wave unevenesses).

All the methods known in the prior art presuppose, by contrast,
that a) neither chip-remeving material removal by means of

15 grinding (large number of geometrically indeterminate cutting
edges in engagement; abrasive grain harder than workpiece; e.g.
FAP grinding of interlayer dielectrics) or b) chemical
mechanical polishing using silica sol (chemically assisted,
ultrafine lapping with addition of a polishing slurry

20 containing abrasives) is carried out.

The fact that a gentle material-removing processing step that
yields a smooth surface with little damage can be carried out

without grinding or without abrasive slurry by means of the

polishing using a microstructured pad that is essential to the
invention, and the fact that said polishing, upon selection of
suitable microstructuring of the polishing pads, is eififected
with an economic removal rate and deterministically in a path-
determined manner, are extremely unsexpected in view of the

30 prior art.

It was furthermore found that the pH value of the polishing

agent solution is also essential to the invention. Given a

neutral pH value, no material removal would be cobtained during
35 the pelishing using a microstructured pad that is essential to

the invention.



) dlspersed S|I|ca soI (edge roII off short -wave unevenesses) AII the methods known in the prior art
presuppose, by contrast, that a) neither chip-removing material removal by means of 15 grinding (large
number of gearpetricallydadeterminate cutting edges in engagement; abrasive grain harder than

“workpiece; e.g. FAP grinding of interlayer dielectrics) or b) chemical mechanical polishing using silica
sol (chemically assisted, ultrafine lapping with addition of a polishing slurry 20 containing abrasives) is
carried out. The fact that a gentle material-removing processing step that yields a smooth surface with
little damage can be carried out without grinding or without abrasive slurry by means of the 25
polishing using & wicrostuctrad fad that jsressertiad to the inveptiesrand the factid¢hatsaidmpolishing,
upon selectan ol suighle mierasiugiudng of ine palisaing,pads. s efledecif an economic removal

ica

rate and determlnlst in a path- determined manner, are extremel nexpecte in view of the 30
prior art. It WQ%*ﬁﬁﬁ@ﬁnoﬁsﬁ%ﬁ%%&’tﬁpﬁtvdﬁe %“F‘W@paﬁsﬁﬁﬁ a%eﬁ%%lﬁ?bﬁﬁ%%‘flsolassentlal to
the inventionh Given athedtralphhvahe, hohippdrial rerovabwouid bé abtameerdurie)35 #fe polishing
using asmicregirygiukad pad that.igessentiahty thedpveatian..2008RAB1EAREA L e vields
a considerable material removal in particular even given a
neuntral pH value. This alsc explains why the undesirable
surface defects can be avoided in the method according to the
invention.
10

During the polishing essential to the invention using polishing

pads whose surface is microstructured and which are free of
material additives which possibly have an abrasive action and
are mixed in to modify the mechanical pad properties, a

15 material removal is likewise obtained, but only if the pH value
is set to be significantly alkaline, namely with a pH value of
at least 10.

it was able to be confirmed that the material removal during
20 the polishing that is essential to the invention is effected
substantially in a path—~determined manner, namely only at the
locations that are swept over by the microstructured polishing
pad. In the prior art, a path-determined material removal had

hitherte only been known from chip-removing processing; in this

respect a surprising finding for the methods according to the

invention presented here.

An extremely advantageous effect of the method is that a
preferential chemical removal at the regions that are altered

30  structurally (by means of crystal lattice strains or oxygen
precipitates) or electronically {(by means of dopant
fluctuations) in terms of their chemical behavicr, as is
observed during chemical mechanical polishing using silica sol,
is substantially suppressed during the polishing using a

35 microstructured pad that is essential tc the invention. The
short-wave concentric unevennesses are significantly reduced in
amplitude and markedness after the second polishing step that
is essential to the inventicn.



roved-in-the-materiak-remeoeval:—

) mechanlsm of thls pol|sh|ng espeC|aIIy as |t is known to the person skllled in the art that grinding
(chipping) is essentially independent of 5 the pH value of the cooling lubricant used and therefore

yields a copsigeralgleopaterial removal in particular even given a neutral pH value. This also explains
" why the undesirable surface defects can be avoided in the method according to the invention. 10
During the polishing essential to the invention usmgé)ollshlng pads whose surface is microstructured
and which are free of material additives which possibly have an abrasive action and are mixed in to
modify the mechanical pad properties, a 15 material removal is likewise obtained, but only if the pH
value is set to be significantly alkaline, namely with a pH value of at least 10. It was able to be

confimed thal he prateral emmoal ring 29 the polshing dhatis essentialiodhedavention i effected

substantially |n a “‘Xt’h etermined manner, namely only at the locations that are swept over, by the
mmrostructt‘i?e&?ﬁoﬁ?r‘ﬁﬁﬁ%a@étn ?ﬁ@%nér%ﬁ‘}% péthtd“étgrrnlheﬁarhaot)e@ndt? ovar had hithéfto only
been knowatficiachiyrémoving plocesivy; ifthis 25respesta sbirprising finding for the methods
according t émegn\te@tlgftet?@@@ted;hete AN ’@éﬂ@ﬁ}eM@QV@BtaQﬁQyﬁ(ﬁft%iz@cﬁtﬁe method is that a

preferentla chemlcal removal at th re%l:ons that e gitgrec %rugtl{rﬁgy &b)é gm}%%fgggstal lattice
1‘tattes? or e é

strains or oxygen preC|p ctronlcall y means of opant fluctuations) in terms of their
chemical beRavier e 6hsErved detihgchetfital edhaniarPofdhiRg g Eifita sol, is
substantiallyrsupipressed ththgdhe potishirigiusing @35 microistrutturedpad that is:egseritial to the

invention. The.sharwave gaacen gw&eﬂgeeee%eﬁﬁwmlygs%ce@%@mntwe and
markedness after the secogdt% olishin stegcthagls essen |aI to the Qtlon 2908P00%05%)E/K|

preocessing o e sentico or SUI’ ace Wlt involvemen

disadvantageous chip-removing removal mechanisms 1s realized at

the same time.

The inventors assume that with the use of a pad surface that is
15 elasticity-modulated to microstructured accerding to the
invention, on the one hand so little CH" is passed to the
semiconductor surface that preferential etching does not occur,
and on the other hand so much OH™ is passed thereto that an
edge roll-off of the wafer thickness owing to depletion from
20 the edge to the center is prevented.

For hydrodynamic reascns (continuity, incompressibility) it can
be expected that the shear gradient in the liguid film between

pad surface and semiconductor surface is particularly high

where the microstructures ©f the pad surface come very close to
the semiconductor surface or even touch it, and that this
amplifies a path-determined reaction of the OH™ with the
semiconductor surface. Likewise, local friction heat along the
paths described in particular by the hard polishing pad

30 locations over the semiconductor surface may bring about a
higher reaction rate there and thus support a path-determined

chemical material remcval.

In further investigations it was observed that the path-
35 determined material removal that distinguishes the polishing
using a microstructured pad that is essential tc the invention

(polishing process B in both methods according to the



,can be reduced Th|s is eV|dentIy due to the fact that by means of the second 5 pohshlng process that
is to say the polishing using a microstructured pad, it is possible to avoid the disadvantages of
polishing using sicaisalin thg form of preferential chemical attack and polishing agent depletion from

‘the edge to the center, but a particularly advantageous path-determined 10 processing of the
semiconductor surface without involvement of disadvantageous chip-removing removal mechanisms is
realized at the same time. The inventors assume that with the use of a pad surface that is 15
elasticity-modulated to microstructured according to the invention, on the one hand so little OH- is
passed to the semicenducion surfacetbatpreferentiak gtehing degs nekiogelr 2Rg ¥t theether hand
so much OH- Hsl%aslsceuct reto that an edge roll-off of the wafer thickness owing to depletion from 20
the edge to The center is prevente For hydrodynamic reasons (continuity, incompressibility) it can be
expected that the shear gradient in the liquid film between pad surface and semiconductor surface is
particularly Bigh 26 Wwhérertheomitrostnadtives ohthrei pad surface coniel veryclosedo the
semiconductgr-sueface gy eventosehiil pod that this anplifi %Q@tths%tﬁfm&@ﬁ@ regction.afthe OH-
with the semlco&ductor surface. leeW|§e Iocaﬂrtctlo heat elga%s descrched in %airtlcular by

the hard pol‘s]hlng pacfL ggefocatlons Sver the Semiconductor su may r|n about & Higher reaction

rate there afdthtis Sippbrt 5%‘?@«@%%|ﬁ@§%t@%c§i’iﬁ¥a@ermcﬁeﬁ®@awﬁ fdﬁﬁéfﬂlhve%@atlons it
was observedithat-the-paths %demrmmmedawpmdmwsﬂ%ma@e@ahﬁ palishiag using a

microstructygd pad thatjs.esseptiaktothe inveation (polishing process B in both methods according

to the
10 Therefore, the polishing pad can be prestressed by increased

pressure of the retainer ring in such a way that a convex form

arises. A concave thickness profile of the semiconductor wafer,
that is to say an increase in thickness of the semiconductor
wafer from the center thereocf to the edge Thereof, can be

15 obtained by means of the second polishing step according to the

invention.

If this is substantiaily chosen such that it acts
complementarily tTo the expected edge roll-off of the wafer

20  thickness in a subsequent double-side polishing using silica
sol in accordance with the prior art, a highly plane-parallel
target form of the semiconductor wafer is obtained at the end

of the processing sequence,

The claimed invention and its advantageous effects are
explained in greater detail below with reference to Lhe

figures.

Figure 1 shows a semiconductor wafer that was processed (A} not

30 according to the invention by methods known in the closest
prier art and (B} according to the invention by polishing
process B of the first method according to the invention, in
each case on the basis of the example of a semiconductor wafer
that is electronically inhomogeneous as a result of radially

35 wvarying dopant incorpeoration during the crystal pulling
precess: the semiconductor wafer 1 contains a locally
fluctuating concentration 2 of dopant (figure 1 {A), top). BAs a

regsult of non-uniform material removal 4 on zccount of the bond



2008P00105DE/KI 19 invention) can also be utilized for a targeted shaping of the semiconductor

. wafer. The polishing cad usually contains a hard polishing pad 5 carrier. The latter makes the polishing
pad stiff and inelastic in the range up to a few millimeters. The polishing pad usually additionally
_contains a zoftgralishirigppad backing (foam). The latter brings about an elasticity of the polishing pad
in the range of centimeters and higher. 10 Therefore, the polishing pad can be prestressed by
increased pressure of the retainer ring in such a wayythat a convex form arises. A concave thickness
profile of the semiconductor wafer, that is to say an increase in thickness of the semiconductor wafer
from the center thereof to the edge thereof, can be 15 obtained by means of the second polishing step
according te-therigyantiomdf this issebstantiallyt chasen sucla ihiat ifdctscomplemeitarlytto the
expected edge roll:off, of the wafey 20 thicknessin.asubsequent gloybles side @aglishiag using silica sol
in accordance with the prior art, a highly plane-paralle| target form %f the sef]icgnductzgé %aggr IS
obtained afthe°&id BF tife PROCESSIM sgg Shce: J5PTRE claimed ifvention an |tgén§dvantfageous
effects are axplaidédin fredter detsirtelowiwits réferéhedic-tHe AGERD FffUre ROSHERARE
semicgndugtorwaten that-was proegssesk(Aydiot 30 according to the invention by methods known in
the closest prior art and (B) according to the invention by polishing process B of the first method
according to the invention, in each case gn the basis of the example of a semiconductor wafer that is
electronicall} ifHBtho§8nebl1S &8 Hre R T ANy HEGES g dSpart Rchrpotatidi E}&ﬁg\g’; the crystal
pulling process: the sgmicoriductdnwarferibrontsins a lbraliifiictaatiig eondénteation 2 of dopant

(figure 1 (A)atop):As atasii-of nonupienn matedal reragval 4 er-aceount of thedwendsing,
10 to a smooth surface having little damage and having high local
filatnhess & {(figure 1 (B}).

Figure 2 shows a semiconductor wafer that was processed (&) not
according to the invention by methods known in the prior art

15  and (B} according to the invention by the polishing process B
of the first method according to the invention, that is to say
a specially adapted polishing using the microstructured pad, in
each case on the basis of the example of a semiconductor wafer
having homogeneous material properties. During processing by

20 means of chemical mechanical pelishing using abrasive silica
sol according to the prior art, the depletion cf the silica sol
during the necessary transport from the edge tc the center of
the semiconductor wafer leads to an increased removal at the

edge of the semiconductor wafer, and an undesirably convex form

7 arises {(figure 2 (B)).

In contrast thereto, the polishing process B essential to the
invention in the method according to the invention leads to a
plane-parallel form 8 by means of a uniform materizl removal.

30

Figure 3 shows a semiconductor wafer that was processed (A) not
according to the invention by a simultaneous chemical
mechanical double-side polishing (DSP) known in the prior art
and using colloidally dispersed silica sol as supplied

35 polishing agent containing abrasives between two polishing pads
containing no abrasives and (B} such a wafer that was processed
according to the invention by a polishing process A by means of
DSP using silica sol and subseguently by a polishing process B



QD
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_ surface unevenness 5 (figure 1 (A), bottom) arises as a result of processing by means of a polishing
method according to the prior art (e.g. chemical mechanical polishing 5 using an abrasive silica sol). In
contrast therete, jualishitg:pracess B of the first method according to the invention leads, by virtue of a

" uniform material removal and path-determined, deterministic processing, 10 to a smooth surface
having little damage and having high local flatness %ﬁgure 1 (B)). Figure 2 shows a semiconductor
wafer that was processed (A) not according to the invention by methods known in the prior art 15 and

(B) according to the invention by the polishing process B of the first method according to the invention,
that is to say-a sgeciadlyadapted pelishingishag the,mierostiactised padi iy eaeh case on the basis of
tne example,qf & semicondelarvaler having hemagengous nateal properties. Quiiag processing by
20 means of c%emlca mechanical poﬁshi}ng using abrasive silica sol according to_the prior art, the
depletion oPther&ilied Sol'afiRg the PR cE88am IR Lo R the e dls tP theSCantarsr i
semiconductor waferlesestd armintreased tembialattheredgesofstiersemidontdactor wafer, and an
undesitably-gonpvex-form C2a/sarses figurer? () lpicanteast thereto.dheuolishing process B
essential to the inver%tion ji th},gla r(pethod a]ic%rcgi %to the invention leads to a plane-parallel form 8 by
means of alniform material Temovar. 30 igure 3'shows a semiconductor wafer that was processed
(A) not according to the invention by a simultaneous chemical mechanical double-side polishing (DSP)

known in thewarier art angausing seloidally gisperadd silicacsot as supplied8tepolistiirg agent
containing abrasives hetween two,palishing pads.containing ne absagives and ¢B) such a wafer that

was processed accordln% to the invention by a pollss?lnlgeﬁlroce S @1?% means of D§P USIngSIhca sol

and S}J%seqqﬁa?ﬂf&e(ﬁ/ glb "Eﬁﬁ:@ BrrbElasg énateria ova 18 significan

reduced by comparison with the DSP according to the prior art.

neith.d oS

0110684

During the DSP in the prior art, a total of between 10 pm and
50 pm of material is typically removed (cf. DE 101 32 504 C 1,
15 for example). In this case, preferably an equal amount of
material is removed from the front and rear sides of the
semiconductor wafer, that is to say between 5 pm and 25 pm from

each side.

20 In the methoed according to the invention according to figure 3
{B) preferably between 1 pm and 20 pm and particularly
preferably between 3 pm and 10 pm of material is removed during

the DSP (total material remcval).

Owing to the further material removal as a result of the
subsequent polishing process B using a microstructured pad, the
total material removal in the method according te the invention
is sufficiently great that all surface damage, roughnesses and
chemical inhomogeneities originating from the preprocessing
30 steps are reliably removed and a smooth, flat end surface
results. Owing to the reduced DSP removal, in the polishing
process A, however, the convexity 9% of the semiconductor wafer
1 is much less proncunced than in the comparative example of a
DSP with high material removal in accordance with the prior art
35 (7} . The subsequently performed polishing process B using a
microstructured polishing pad containing nc additives coming
into contact with the semiconductor surface which are harder

than the semiconductor surface, and in the case of which a



&5

il QBR001.05DE/KL2 L. usingthemicrasituctiured.nalishing.pad.containing.na. substances. coming.iniQ.. ...

_contact with the semiconductor surface which are harder than the processed semiconductor surface,
and in the case of which a polishing agent is supplied which 5 contains no substances with abrasive
action and has)a b vakiesofgreater than or equal to 10. Owing to the subsequent polishing process

‘B, however, the DSP in the method according to the invention (figure 3 (B)) is 10 carried out here with

a material removal that is significantly reduced by comparison with the DSP according to the prior art.
During the DSP in the prior art, a total of between 10 pm and 50 pm of material is typically removed

(cf. DE 101 32 504 C 1, 15 for example). In this case, preferably an equal amount of material is
removed frq the front angerear sidessefthesemiconduetor yafer thabisdarsaybetyaen 5 pm and 25
pm from ea%% Ig,ide=. 20 t@gomethocg %%corﬁli to the | vention ac%ordln%é% E_jgu e % (Ig)fpreferably

n -
between 1 pm and 20 p'?ﬁ' and | pfr%cularl%/cpre ergbﬁ/ between 3 p?n and T pm of matétial is removed

during the SB #fotaPmateridlteffovan 25°0wirg td e fubtier Fiidferidl rerievallas a result or the
subsequentgpaliShirg processd aisingsa smicedstiiicturesl pad, tthe totad materiahremeval in the method

according tq the-inveptionds syfficiently,areat thatallsyitace damage, roughnessesapd ehepical
mhomogen%mes %l |nat|n%fr%$&the pre%go?%;sm 30 steps are reliably removed anda smooth, flat
: D

end surface reSufts " OWiRG 16 T P e feflOVAC I tHe FoIRHy PRS&Ess?A. however, the
convexity 9ol #¥e sefticFdioR WaleimD ¥ inubh 185€ protssurisesiithranch thbomparative example of
a DSP with high matariakremenaddn acgordanaeswith the prieradt overall an end

surface of the semiconductor wafer having very good flatness 10

10 is obtained (figuze 3 (B), bottom).

Figure 4 (&) shows first of all how silica sol polishing
processes that are known in the prior art attempt to aveoid a
convex form of the semiconductor wafer owing to silica sol

15 depletion from the edge to the center of the semiconductor
wafer. The illustration schematically shows the cross section
through a semiconductor wafer 1 in the holding apparatus 11
{polishing head, "chuck"™) of a single-side polishing machine
with retainer ring 12 and polishing pad 13. An attempt is made

20 te counteract the depleticn 15 of the silica sol 14 by means of
a "negative overhang" 24 of the semiconducteor wafer 1 over the
retainer ring 12, whereby the polishing pad 13 is "stretched”
{21), that is to say is forced away from the semiconductor

wafer in the edge region of the semiconductor wafer 1 by the

retalner ring and comes into better contact with the

semiconductor wafer in the center of the semiconductor wafer on

account of its elasticity. The term "overhang™ denotes the jut-

out of the semiconductor wafer over the helding apparatus when

the target thickness is reached. The overhang is normally

30 positive, that i1s to say that the semiconductor wafer projects
from the retainer cor guide apparatus at the end of the
polishing process {"jut-out™), since, after all, the intention
is for the semiconductor wafer tc be polished and not for the
holding apparatus to be worn by excessive application of

35 pressure. However, the prior art discloses single-side and

double-side polishing processes (DSP) in which material is

removed for so long that the semiconductor wafer, at the end of

the process, is thinner than the overhang of the retainer



35 (7). The subsequently performed polishing process B using a microstructured polishing pad

. containing no additives coming into contact with the semiconductor surface which are harder than the
semiconductor surface, and in the case of which a 2008P00105DE/KI 22 polishing agent is added

_Wwhich contains swosulssianges with abrasive action and which has a pH value of greater than or equal
to 10, on account of its path-determined removal, preferably removes material from elevated regions
and thus levels the slightly convex semiconductor sylriface resulting from the first polishing step, but
without bringing about an increased material removal in the edge region of the semiconductor wafer,
with the result that overall an end surface of the semiconductor wafer having very good flatness 10 10
is obtained £figlires3 (B), hettom) Higuend (AYsheows firgkofallhow-silice=selqolishinggprocesses that
are known i heylorart aiemnt jo ayoid gconvexfoy aldhe spmiconductarwalerpinade silica sol
15 depletion from the edge to the center of the semiconductor wafer. The llustration schematically
shows the ¢fd8sSefibn thidlghta SBmMIESHAEOFEPEFL in the holding apparatus 11 (polishing head,

"chuck") of a single-side polishing machine with retainer ring 12 and polishing pad 13. An attempt is
rEade 20 tol?jp%@ra%m@c d§9#_e‘,tri10ﬂhk5 ebihesiliea sal 14 byHueans of s aegativepyegiang” 24 of
the semiconductor wafer, 1 qver the retainer ring 12, wherehy.the,polishing pad 13 is "stretched” (21),
that is to sa():/&llél ngc}g%ﬁgv%/qurf%rﬁ ?ﬁg %g%ggﬁnﬁ’c 3nga¥e‘ri%1¥ltﬁe e@éer%}%ﬁg of t %8 gr%ﬁ:t\genductor
wafer 1 by Biee€ban8taingr- AR abdl ddifiesitd H&ErToNtadtdith the defficoritRRAG warer in the
center of thessgniconduttoravafer snracedunt o iis elastitity. ¥heé ¢erm doverhang™ dehbdtes the jut-out
of the semieapguctor, wafer-overthe halding;apparatuswhen the darget thigkpess.isgepaghed. The
overhang is normally 30 positive, that is to say that the semiconductor wafer prqjects frq%r}rg the retainer
or guité appaPatus e ehdl SFlte Potching Process ('] t-%ﬁ‘ﬁ%iﬁ(?e,pé? er-alf, e intentiéi'is for the
semiconductendrifeprebe Polishéarard ot ) thevherihey apparitus to PERSIPRY eRéSsive

cation @ the semiconductor wafer has already been polished, the

semiconductor wafer has been turned and the other side of the
gsemiconductor wafer has started to be polished. During the

15 pelishing of the first side, an "edge roll-off"™ of the first
side of the semiconductor wafer has already arisen (17) on
account of the silica sol depletion, and an edge roll-oif of
the other side of the semilconductor wafer arises (18) during
the polishing of the other side. On account of the elasticity

20 of the semiconductor wafer, the edge thereof yields somewhat to
the dynamic pressure of the silica sol 14 during the polishing
of its other side, as a result of which, during the polishing
of the other side 0of the semiconducter wafer, a somewhat

smaller edge roll-off arises and the semiconductor wafer

elastically assumes an almost plancconvex form 18. After the
removal of the semiconductor wafer from the polishing
receptacie apparatus after the end of polishing, when the
semiconductor wafer has elastically relaxed again, an
asymmetrical edge roll-off 20 with an asymmetrically biconvex
30 form 19 of the semiconductor wafer is manifested (figure 4 (R},
bottom) .

An analogously similar result is obtained if both sides of the
semiconductor wafer are nct polished sequentially on a single

35 side, but rather simultanecusly on both sides by means of DSP
and the polishing is performed with an "underhang®™ of the

semiconductor wafer at the end of polishing under the thickness



35 pressure. However, the prior art discloses single-side and double-side polishing processes (DSP) in
. which material is removed for so long that the semiconductor wafer, at the end of the process, is
thinner than the overhang of the retainer 2008P00105DE/KI 23 apparatus (retainer ring) during the
_single-sideuiishirtg. O6 tiey &drrier during the DSP. This is possible only on account of the elasticity of
the polishing pad. 5 In the prior art, the convex form of the semiconductor wafer can actually be
reduced somewhat by this "underhang” (negative oygrhang); right in the edge region, the silica sol
depletion mechanism is always predominant, and a wafer having so-called "edge roll-off" of its
thickness still results Figure 4 (A), 10 top, shows the semiconductor wafer 1 prior to polishing with an
"underhang 24 Heiguse 4i(#), middlesshawsdpatiernone side efithessemicehdyctor wafeehas already
been polished, the semiconductor yafer bas.beanturned and the other.side of the semiconductor
wafer has started to be polished. During the 15 polishing of the first side, an "edge roll-off" of the first
side of the semiconductor wafer has already arisen (17) on account of the silica sol depletion, and an
edge roll-off ofthre ofheBdidé ofuhé sehficonduciob whferaisest(18) @l ufingthesolishthg of the other
side. On accownt@f the elasticity 2vef-thecsemicondugtar wafes 4be adge«thperadiglields somewhat to
the dynamic pressure.of the silica sol 14 ing the polishi ts. i esult of which,
during the 55%3 g|§gS g? tl’?(tar eﬁ‘t:%éi}%%dg%]? t#&%%?cgﬁ%%ctg%aiéﬁggﬁgw a?gr?w%aﬁe%%d e roll-off
arises and fHe §6hiicond\FitBERETer 55 8Idticafi BR8uiesHh ﬁ%&&bﬁ&ﬁé&&%&%ﬁ% “After the
removal of thesemicondudctor waferifromsthepdlishiny recepsacle appatatus aftarithe@neldf polishing,
when the semicanduocformaferhas elastically telaxed again, an-asymmetticaledge roll-off 20 with an
asymmetrically biconvex 30 form,19 of the_semiconducto fer is manifested (figure 4 (A), bottom).
An a og&ﬂ% ngﬁ%f’ar% r%%ﬁﬂgrs%B?aiﬁél&‘ ift%ojtﬁ']gf&esss of éu\-gé %gm%%rﬁjdﬁ%?c?ruﬁ% e”‘?a‘?%ﬁ%f faolished
sequentialljbita bhgle 3528idé DBt fdtfersifftitaheoRRh. 67 BEtH 4R sy MeaRsdt PSP and the
o i5hing ismerformed wdth an funderhanal of Hwe sentieoriductemeateraltalsé end of polishing under

the thicknegs crost ructured polishing pad 13 at the edge region of the

wafer, thus resulting in a higher material removal in the

15 center of the semiconductor wafer {21). Since polishing
according to the invention using a microstructured pad without
abrasive-containing polishing agent does not give rise %o
increased removal in the edge region, the pad form (21) having
a bulge in this way leads directly to a correspondingly (plano-

20  Yconcave wafer form having an increased thickness 22 in the
edge region of the semiconductor wafer (figure 4 (B}, middle}.
If the polishing process B according to the invention using a
microstructured pad is carried out sequentially on both sides

with an "underhang®, this results in a biconcave wafer form

{symmetrical increase in thickness in the edge region;i not
shown). The same result is yielded by a simultanecus double-
side DSP using & microstructured pad (likewise not shown). If
this plancconcave or biconcave wafer is then finally subjected
to the second simultaneous double-side polishing process A

30 using a silica sol, the increased material removal which then
occurs in the edge region then reduces the edge elevation

previously introduced, on acccunt of the silica scl depletion.

The preferred "underhang" is dependent on the elasticity of the
35 microstructured polishing pad and is between 0.1 um and 0.1 mm.

Preferably, the desired total material removal, the magnitude
of which is determined by the maximum damage depth of the



2008P001050E/KI 24 of the carrier of the DSP apparatus. A symmetrically biconvex form of the

. semiconductor wafer results in this case. Figure 4 (B) illustrates an embodiment of the first method 5
according to the invention, namely the case where polishing process B precedes the double-side DSP
_ polishing peddEss0A1BESHY, Kiherefore, the polishing using abrasive-free polishing agent and using a
microstructured polishing pad is carried out (figure 4 (B), top). In this case, the retainer ring 12 10
projects beyond the end thickness of the semicondugtor wafer, that is to say that the wafer is polished
with an "underhang". The retainer ring 12 compresses the long-wave elastic microstructured polishing
pad 13 at the edge region of the wafer, thus resulting in a higher material removal in the 15 center of
the semicondutot Wwafer (21 Sipce pekiskiag aceordingde thé fiveriontusing rmicrostructured pad
without abrg@ﬁ/@&%@%ﬂ%@%%&@%@ C!Q%%%Qtvgé\é%f'é@ todnereased removal imthe edge region,
the pad form (21) having a bulge in thls dlrectlg/&o acor ﬁepondmgle{ (piano- 20 )concave
wafer formlh% an‘iicrea 8 thickn ness % it the e reglon o & Sémiconductor wafer (figure 4
(B), middle¥. Hﬂﬂié@@l@zﬂﬂﬁgiﬁé@é@s‘&é&tcﬁa&h@%%ﬁ@ iBVEHtRTEUSing B-Rfcrdstriciiréd pad is
carriedsout sequentially eabath sides-withan Wwndenhangs thig resalts ipa biddreavenaafer form
C25(symmelrical increqse-Ja fhigkness g edge [egion:nal shawn), The.same resilis-yjelded by a

simultaneous double-side DSP using a microstructured ad IlkeW|se t shown). If this planoconcave
or biconcavé&wafst |Sriﬁgﬁ?m%ﬂyk§%ﬁj&?88 16 ' ded e ’d&%@ Sidé pdiishing process
A 30 using zesilidazsdl, thé ricreaded saatehiyl ﬁe’rﬁo@&’lﬂﬂh*@hftheﬁ oeebrsimtheaddge fegfién then
reduces the gdge-levationpreviopsly introduced; ensacsount of the silieasol depletion1s The
preferrgd " ndcerhang 5 S d%e,endelltlos@lghnege@géglgy 8%1%?5 E}J%I‘&%@l&lt%@%@) shing pad and is

betwéen 0. pm and
amount of carrlex "underhang” under the retainer ring during

the first polishing process, the degree of concavity obtained
in the meantime can be influenced within wide limits and,
secondly, by way of the "underhang" of the wafer under the

15 thickness cof the carrier during subsequent second DSP using
silica sol, the decrease in edge thickness on account cf the
polishing agent depletion can be intensified {overhang) or

suppressed (deep "underhang™).




Preferably, the desired total material removal, the magnitude of which is determined by the maximum
damage depth of the 2008P00105DE/KI 25 mechanical prior processes, is divided between the first
polishing process B using abrasive-free polishing agent and using a microstructured polishing pad and
the second simultaneous double-side polishing process A using silica sol 5 in such a way that
precisely a maximally plane-parallel end form of the wafer is produced. Now that the solution

according f&/#Ré 8n has been found and understood, this can be realized relatively easily and
even with a substantially free choice for the proportional division of the partial removals 10 between
the two polishinq steps s/if\nce, Iig;strliy,f,b%/ ng/ of the amount of caCi)rigir(l;ﬂur‘lzge{han " under. t@e?{etainer
ring during the fitst polishing' progess; the’ 8grée 6t Boncavity obtained in: ieARtime ¢

]

: CLOY WALST, ¢ NO g
€gréd 6t Eoncavity obtained n the meantime can be

influenced within.wide Jimits and;isecondly.hy way-efihed wndertapgi ofdhie wafepaideidhe 15
thickness of the carrier during subsequent second DSP using silica sol, the decrease in edge,

e
thickness brt GO SRRE I SHR R S8 ShE e TEtion Shh BEIMENSRE SvemS g6 Bippressed

(deep "underhang).,26 Ratent Claimsinstante& WMethogiios Arecessing.a semicanduster wafer,

comprising a polishing process A, which effects material-removing processing of both sides of the
semicongudishsugfacs Bim by GARVRAIEH £ PoTsHg DA 15 FBaHTch CéMaiAgho
substancgs iy abiasive.adlion. an narhich 3:n0lishing sarnk is-added whien qonalns spbstances
with abrasive action; and a polishing process B, which effects material-removing processing of either
one or beth sidéswxfithecsdimiconductorinater antay whitha wolishingrpad s ugatwhich s a

microstructured %urface and _hicC con aénsr 0 material,corning into contact with.the semiconductor
wafer which 5 Bafda PG e G ATt S ra i i Wi & PoliShing agent is added
which hagapHvabseof gieatahthageen egualiodd andibich bortiainsaoisubistanteswitthabrasive

. action. 2. The method as claimed in claim 1, wherein the semiconductpr wafer is composed of
" silicon arﬁ?%f‘?ﬁ%‘r’i%ﬁgroﬁ%e%gﬁﬂ ﬁﬁd‘%&giﬁ BOsHiREPocatss Wﬁ@\rgc eﬁ‘i‘gtf‘n?b&g@ntact with
the semicandugtor syriace:bave a:Mehshaldness of 80ul@Ssontains no substances with

abrasive action.

2. The method as claimed in claim 1, wherein the semiconductor
wafer is composed of silicon and all materials of the polishing pad used in

polishing process B which come into contact with the semiconductor surface

have a Mohs hardness of six or less.

3. The method as claimed in claim 2, wherein the polishing agent

added in polishing process A contains silica sol (Si02).

4. The method as claimed in either of claims 2 and 3, wherein the
pH value of the polishing agent added in polishing process B is set by addition

of potassium hydroxide (KOH) or potassium carbonate (K2CO3) .

5. The method as claimed in any of claims 1 to 3, wherein the
microstructures of the polishing pad used in polishing process B are formed
from uniform elements arranged on the pad surface, wherein the height of the

elements is between 1 mm and 1 mn and the distance between the elements is

between 10 i and 10 mm.



3. The method as claimed in claim 2, wherein the polishing agent added in polishing process A
contains silica sol (Si02). 4. The method as claimed in either of claims 2 and 3, wherein the pH
value of the polishing agent added in polishing pro€éss B is set by addition of potassium hydroxide
(KOH) or potassium carbonate (K2CO3) 5. The method as claimed in any of claims 1 to 3,
wherein the microstructures of the polishing pad used in_polishing process B are formed from uniform

elements arrang&d on thel PAJREHRE, WhakifegRt Heightat tRe BlBATEM ISpdawidn viivhand 1 mffi
and the disfaptsbetweghhe.ciamentsisbotreeh LhAMANG AL bo ot mellnr s, claimed

in claim 5, wherein the height of the elements is m1l and 250 m and istance between
the elementsishetwedn 50 gmdandik mm. 7. The method as claimed in either of claims 2 and 3,
wherein polishing process A is carried out before polishing process B. 8. The method as claimed
in either of claims 2 and 3, wherein polishing process A is carried out after polishing process B. 9The

method as claimed in claim,7, whetgin pelishing, procass;A-firstly prodyces.a planacopyex gr, biconvex

semiconductor wafer and polishing process B subsequently produces a plane-parailel semiconductor
wafer.  Paiosmg metho dsislafred thakihed whareiking sentiesnductor

8. The method as claimed in either of claims 2 and 3, wherein

polishing process A is carried out after polishing process B.

9. The method as claimed in claim 7, wherein polishing process A
firstly produces a plancconvex or biconvex semiconductor wafer and polishing

process B subsequently produces a plane-parallel semiconductor wafer,

10. The method as claimed in claim 9, wherein the semiconductor
wafer, during polishing process A, lies in a holding apparatus having a
retainer ring that surrounds the edge of the semiconductor wafer and thereby
prevents the semiconductor wafer from leaving the holding apparatus during
the polishing process, wherein the retainer ring projects beyond the plane in
which that side of the semiconductor wafer which is polished during polishing

process A 1s located at the end of polishing process A.

11, The method as claimed in claim 10, wherein the overhang of the
retainer ring over the polished side of the semiconductor surface iz between

0.1 um and 0.1 nm,

12, The method as claimed in claim 9, wherein between 1 um and
20 um of material is removed from the semiconductor wafer during polishing

process A.



wafer, during polishing process A, lies in a holding apparatus having a retainer ring that surrounds the
edge of the semiconductor wafer and thereby prevents the semiconductor wafer from leaving the
holding apparatus during the polishing process, whérein the retainer ring projects beyond the plane in
which that side of the semiconductor wafer which is polished during polishing process A is located at
the end of polishing process A. 11. The methad as claimed in claim 10, w n%r gin the overhang of

the retainer ring bver the pafiisHEHIder 1B Mtd PsUHATEID Be eMesAd0.1 a
12. The ?ﬁt%ai@'%ﬂs@ in claim. 9. whergin ketween 1m-ane20 4 of Mstetialdsreroued from the

semiconductor wafer during polishing process A. 28 13.The method as claimed in claim 9, wherein a
total of betwieem 8z ftdeasrd 10 m of material is removed from the semiconductor wafer during
polishing process A. 14.A method for producing a semiconductor wafer, comprising the following steps
in the order indicated: (a) separating a semiconductor single crystal into wafers; (b)

simultaneously pgrocessing hetthsidlesobthel semiconduetacovafecioy medns ebahipidmo\ving
processing; _(c) polishing the s mic,oréductor wafer, comprising a polishing process A, which effects
material-reBTiE proeEs Sin b6 Hoth SHEX 8F4 semiconductor surface simultaneously and in which a

polishing pad is ysed whigh entainsNe-systanseswitharasiverattian, andinavhich a polishing
agent is added which contains substances with abrasive action; and a polishing process B, which
effects material-FBnoving! BroeeaaniyebeitherERE 8L bR SidE8 6 the séhficoRamntterdudtte and in

which a %st@}n@g%%ﬁ;ﬁ%ﬁ%ﬂ@%ﬁﬁﬁfﬁl@ﬁ&%&&%&ed surface and which contains no materials

coming into contact with the semiconductor surface which are harder than the semiconductor surface,
and in which a pelishing agentisaddbe whichdeasiagervatieief greatanthanor eqaalridand which

contains ng ubstacesith ayasive action:, () shemigal mecharisa! RRgNageLoge gide of the

icondiigees \
, Ssemiconductor WaTer,W erein S than 1 m IS remaoveaq.

semiconductor surface simultaneously and in which a polishing pad is used
which contains no substances with abrasive action, and in which a polishing
agent is added which contains substances with abrasive action: and a
polishing process B, which effects material-removing processing of either one
or both sides of the semiconductor surface and in which a polishing pad is
used which has a microstructured surface and which contains no materials
coming into contact with the semiconductor surface which are harder than the
semiconductor surface, and in which a polishing agent is added which has a
pH value of greater than or equal to 10 and which contains no substances with
abrasive action:

() chemical mechanical polishing of one side of the semiconductor

wafer, wherein less than 1 pm is removed.

15, The method as claimed in claim 14, wherein step (b) consists in
a process in which a plurality of semiconductor wafers are processed and in
which each semiconductor wafer lies in freely movable fashion in a cutout in
one of a plurality of carriers that are caused fo rotate by means of a rolling
apparatus, and is thereby processed on a cycloidal trajectory, wherein the
semiconductor wafers are processed in material-removing fashion between two
rotating working disks, wherein each working disk comprises a working layver

containing bonded abrasive.



15.The method as claimed in claim 14, wherein step (b) consists in a process in which a plurality of
semiconductor wafers are processed and in which each semiconductor wafer lies in freely movable
fashion in a cutout in one of a plurality of carriers thét are caused to rotate by means of a rolling
apparatus, and is thereby processed on a cycloidal trajectory, wherein the semiconductor wafers are

processed in material-removing fashion between two rotating working disks, wherein each working
%9&?8 o4 g%ﬁa%%ab &8, 159 Whertan FigRdthst 2 Mafned in

disk comprises al\ﬁlorking I
claim 14, Wﬁm sieR By is:aflane- parallel lapping process. 17. The method as claimed in claim
14, wherein step(b) consists in a process of grinding the semiconductor wafer between two cup

grinding disks, wherein the semiconductor wafer is guided radially by a thin guide ring, which effects a

rotation of the seppiconduglor walgl, aAd & guidel axiallyy walehoralt ayshiens provided qon the
front and rear sides of the semiconductor wafer, and the cup gfindﬁng isks are advanced onto the
semicondagtovaaderisyrmmietrically with rotationtinroppdsitddireetionsvo cul §rihd methekkas

claimed in_any of claims 14 to 17, wherein an addition ocessi ep, comprising single-side
grinding o‘?ro%éeg? both sides %er%%temsté)rrhig%%gﬁc}fﬁr wa e?%{b%%éﬁfsséf};%u 1g?in%}‘§r8‘s igi??% effected
between stépsh(lYfunds(e). rotatith THemethodiasalaimed in:claimaid, whetgieanadditional
processing step, comprising etching of the semiconductor \gafer, is effected between steps (b) and (c).

20. The MEHBY ¥ clathed 5 SIS 18T WHERSN fHe etBRind oFthe® ¥ midsAducibiShatef istBffected
between the.singlaside grnding angthe polishing-ofthe.semicendustor wafer i acgardange with step

(c). 21. The method as claimed in any of claims 14 to 17, wherein in
semiconductor waler symmetrically with rotation in opposite directions.

18. The method as claimed in any of claims 14 to 17, wherein an
additional processing step, comprising single-side grinding of one or both sides
of the semiconductor wafers by means of a cup grinding disk, is effected

between steps (b) and(c).

19. The method as claimed in claim 18, wherein an additional
processing step, comprising etching of the semiconductor wafer, is effected

between steps (b) and (¢).

20. The method as claimed in claim 19, wherein the etching of the
semiconductor wafer is effected between the single-side grinding and the

polishing of the semiconductor wafer in accordance with step (c).

21, The method as claimed in any of claims 14 to 17, wherein in

step (¢} polishing process A is carried out before polishing process B.

22, The method as claimed in any of claims 14 to 17, wherein in

step (c) polishing process A is carried out after polishing process B,



step (c) polishing process A is carried out before polishing process B. 22. The method as claimed
in any of claims 14 to 17, wherein in step (c) polishing process A is carried out after polishing process
B. 30 23. The method as claimed in claim 21,3¥herein polishing process A firstly produces a
planoconvex or biconvex semiconductor wafer and polishing process B subsequently produces a
plarie parallel serg%gondu or wafer. 24. The method as claimed in claim 21, wherein between 1.

m and 20 m of méterial is rEMEVEP Ay HBIRISHY Prossas Al 50u8rPoD TObBEKE3IrAbstFabt Method
for producing o aehask frRiAREssINg 2 SeRISANCIaE Waler NS JNEDHAN elptes g method for
processing a semiconductor wafer, comprising a polishing process A, which effects %at}'ena’il-%emovmg
processing BTassthisitiekcetitrersbmicordauetor stracersimullansousty adddrowhiakea. polishing pad is
used which contains no substances with abrasive action, and in which a polishing agent is added
which contains substances with abrasive action; and a polishing process B, which effects
material-removingdprocesking mieither onelaiheth sideis ohthg semicandusieswafen ang inwhich a
polishing s dis ufﬁed which has a microstructured surface and which contains no materials coming
into contatt with e EEHIBhHUEISR WATR AVRIER areltsirdts BianaheSemiconductor material, and in
which a polishing agent is added which has a pH value of greater than or equal to 10 and which
contains no substances with abrasive action. The invention furthermore relates to a method for
producing a semiconductor wafer, comprising the following steps in the order indicated: (a) separating
a semiconductor single crystal into wafers; (b) simultaneously processing both sides of the
semiconductor wafer by means of chip-removing processing; (c) polishing the semiconductor wafer,
comprising a polishing process A and a polishing process BT (d) chemical mechanical polishing of one
side of the semiconductor wafer, wherein less than 1 m is removed.



