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Unpol i shed Sem conduct or Wafer and Method for Producing an. Unpolished
Sem conductor Wafer 5 The invention relates to an unpolished sem conduct or
wafer and to a nmethod for producing an unpolished sem conductor wafer.
According to the prior art, sem conductor wafers are produced in a

mul tiplicity of successive process steps, which can 10 generally be
subdivided into the follow ng groups. a) production of a single crystal of

sem conduct %ptm&@ﬁéal Seﬁeaﬁaaétaylmfgi atd BOPREALESR @E‘O&\E@lng an
sem conductor single crystal into 15 individual wafers (wafering, saw ng);

c) mechanical processing BRrPPheshedi SeniteRYrCHRF Haterd) cheni cal
processi ng of the sem conductor wafers; e) chem cal - nechani cal processing
of the semiconductor wafers.. 20 Added to this, there are a multiplicity
of substeps such as cleaning, neasuring and packaging. A single crystal is

convent i cxrmai |1y‘lvlé|h®;dtb€led'em¥.t9§| ltbngnaun@emiehedugémcshagbewr watal &hem a
nmel t (CZ %3 %|% nethod% O eﬁréstallizigg g r od gf
polycryst PIH? S 8ﬁdBEPgPCﬁ§9e PaP ? ©f1 BT hg"2ohe hetRody: wWre
sawing (nmulti-wre sI|C|ng, MAS) and internal hole sawing are known as

Separat'%%c%ﬁ%ﬁgg SQP W 68 é@%‘”8em§c8H&£b9££C%£¥EQE é??‘%?Q@#E&&r

wafers are separated M a crystal “prece A GRE
have a mﬂﬁeagawétw@ﬂéﬁlty ﬁérﬁBQCB?SﬂH@ paacebpeshenad whgghdcanmo or nore

Wi T e gui defolhs., EQGsﬁ%ﬁh%ﬁ&%d”&ﬁt@etE%aE8@1$%£Hg3§r %E'”g grain (dianmond
wire MAB). Wien Using wire saws wwth a sawwre with firmy bound

cutting grain, cutting grainis supplied in the formof a suspension
during the %ﬁﬁ@m@ku@ﬁ ot acessigisl ¥ thBhs IbAI wbheugabe, mhBevhith the
saw wire js rra ged |n the formof wire sections lying parallel next to

(crysta ing)

b) separation of the semiconductor single crystal into

15 individual wafers (wafering, sawing);
c) mechanical processing of the semiconductor wafers;
d) chemical processing of the semiconductor wafers;

e) chemical-mechanical processing of the semiconductor wafers.

20 Added to this, there are a multiplicity of substeps such as

cleaning, measuring and packaging.

A singlebcrystal is conventionally produced by pulling a
semiconductor single crystal from a melt (CZ or Czochralski
25 method) or by recrystallizing a rod of polycrystalline

semiconductor material (FZ or flocating zone method) .

Wire sawing (multi-wire slicing, MWS) and internal hole sawing
are known as separating methods.
30 |
In wire sawing, a multiplicity of semiconductor wafers are
separated from a crystal piece in one working step. Wire saws
have a wire gate which i1s formed by the saw wire wound around
two or more wire guide rolls. The saw wire may be coated with
35 cutting grain (diamond wire MWS). When using wire saws with a
saw wire without firmly bound cutting grain, cutting grain is
supplied in the form of a suspension during the separation

process (slurry MWS). The wire gate, in which the saw wire is



one anot her, penetrates through the crystal piece during the separation
process. The penetration of the wire gate is caused by a forward novenent
devi ce, which guides the crystal piece 5 against the wire gate or the wire
gate against the crystal piece. Ininternal hole sawing, a circularly
round rotating saw blade which is clanped on its outer circunference in a
clanp system 10 has a central circular bore (internal hole) and whose

C'rCU”fe%%&%h%Edrgﬁ'Qﬂe'§09h0$fd%§r@‘EQC@lGHEt199n50@£ra§ﬂgltﬂéxtCE¥Sta
piece to be cut which is fastened in a frane by nmeans, of an adapter device

and i s bPOGgREOMICEn REFPGSERERE ﬁﬁéﬁaﬁbsﬁhe.ﬁ¥bsﬁﬁé Ph?@ﬁd@aréagch@

p051p|ons@@@ra@h@ntb@bees@reTbé pubkeetedohood tﬁéawhy@ @@téoﬂsb&aM@éﬁh the
cutting

rks radi al |y through the,cryst iece unti
senicondggtgr waterd FQVFP&§F|96¥égsraW§a?£ lﬁﬁghﬁﬂ?cﬁFyﬁF%ie@%?ﬂﬁ serves
t o resDvegsdwseothaegatirengatkboor2@habwade satéaggaliayer shahtghsbave
suffered_cr stalllne damage by the rough sawi ng processes or have been
cont ani n&te by the saw wire, and above all for gl obal planarization of
t he sem conductor wafers. Here, sequential single-side grinding (SSG

met hods. gad s sbmybbansus doudhe, dlsk grinding LRG: o 28.pphbods, anuell as

| appi ng are us n'singl e- SI ren sem conduct o I's held
on the W@aﬂhbysacéa@§§dtOPCh@ékPUEﬁH pnaﬁamf@éan@ﬁ iheaf ¢barosfvet ey, a

cup ghi NeRY-dicgk b1 WaLEl1b$ b@§§ QHEE@BE&Y hQYeZ”aHHtﬁﬁogg grinding disk
with rotation of the support and the grinding and sl ow radi al

adjustneﬁﬂrCPWf§FﬁHFﬂ§%e6§§188uBFepHngdﬁglWHtha(EEE§ln9h§°FFeeF9d the
suspendedrsemacopdeetotowakekulkSwhl BH| L aNegystycAr 06esSedana b§5m@@ﬁ§ SIdes

bet ween t rindi ng di.sks nmounted o ite collinear spindles,

el o QuPHed S GRSPARES GEPChr 8BS £5nD” CBRGE BY e Ao e bushk BPFieBbiiean a

wat er (hyeitestak dntphnidedi puerioy abkiciishi and(hetdsthtkre, paraci pl e) acting

on tq? subjected to a relative motion by which the cutting edge works
radlally through the crystal piece until a semiconductor wafer

is finally separated.

The mechanical processing serves to remove saw corrugations, to
20 abrade éurface layers which have suffered crystalline damage by
| the rough sawing processes or have been contaminated by the saw
wire, and above all for global planarization of the
semiconductor wafers. Here, sequential single-side grinding
(8SG) methods and simultaneous double-disk grinding (DDG)
25 methods as well as lapping are used.

In single~side grinding, the semiconductor wafer is held on the
rear by a support {(chuck) and planarized on the front side by a
cup grinding disk or, which is less customary, by an outer

30 grinding disk with rotation of the support and the grinding
disk and slow radial adjustment.

In simultaneous double-disk grinding (DDG), the freely
suspended semiconductor wafer is simultaneously processed on
35 both sides between two grinding disks mounted on opposite
collinear spindles, while being guided substantially free from
constraining forces axially between a water (hydrostatic

principle) or air cushion (aerostatic principle) acting on the



er 3 front and rear sides and | oosely prevented fromfloating radially

t hrough by a surrounding thin guide ring or by individual radial spokes. 5
Furt hernore, distinction can be made between coarse grinding and fine
grindi ng depending on the granularity amd binding of the grinding disks.
In the scope of this invention, fine grinding neans that 10 grindi ng di sks
are used with synthetic resin-bonded grinding grain and an average

grinding fQBﬁ@UlaﬁEi' b¥aof #400.08B80) <01 HiOGEnLLAT BREM MBSLL DpbeEr) . \When

coarse grindi is involved, this neans a grinding_step 15 using grinding
di sks wi frﬁda@égé{gghgppﬁa. Ry grahErayneiee BRin| @aide MAHRE1BO0PY Such

grindi ngidusksdaee avaikabkgokker exanple, from Disco Corp. Japan. The
average grinding granularity is 20 specified according to Japanese

I ndustrial Standard JIS R 6001:1998. In | apping, while supplying a
suspefnsi onrtastrabnengdabrascyesn caﬁebéemad@nﬁecw@énwaé@f§eagﬁlm@ﬂ@@ under

25 b . d Ki di whi ch
isual |y e iet Gregedlh ERa-Bratireh: BBE Grefithanne <R or Tripeven

dlstrlbuthenguﬁnﬂhegldppkﬂg agent, and sem conductor material is thereby
removed. The sem conductor wafers lie in suitably dinensioned recesses of
so-called rotor disks, the rotor disks 30 being set in rotation by neans of
an i nner Ian@hanse@per odr thés ihWeaREOR hef boei ebiadtEermemtershatus bei ng

gui dggl 0Branagegmat ksakrpahicdeyerni é‘ﬁﬁtl@é!ti@ergéiﬂeb&% g%le:[ﬁdlﬂ_ de
pressure is usually transmtted via a pneunaticall #%%Qrau icall
f

el ect ri caFPyRopBFatPngvVEEREE 9Féﬁ§h¥§sgﬁﬁng§aHéVYc%f @hém%§%éroﬁorklng
di sk ont gitbe sergirgerdwetar nuwakefs and the | appi ng agent |ying between the

wor ki ng di sks
When coarse grinding is involved, this means a grinding step

15 using grinding disks with average grinding granularities of
less than #1500. :

Such grinding disks are available, for example, from
Disco Corp. Japan. The average grinding granularity is

20 specified according to Japanese Industrial Standard JIS R
6001:1998. '

In lapping, while supplying a suspension containing abrasives,
the semiconductor wafers are moved under a certain pressure

25 between an upper and a lower working disk, which usually
‘consist of steel and are provided with channels for improved
distribution of the lapping agent, and semiconductor material
is thereby removed. The semiconductor wafers lie in suitably
dimensioned recesses of so-called rotor disks, the rotor disks

30 being set in rotation by means of an inner and an outer drive
rim and the semiconductor wafers thus being guided on a
geometrical path determined by the drive parameters. The
pressure is usually transmitted via a pneumatically,
hydraulically or electrically operating force transmission

35 device from the upper working disk onto the semiconductor
‘wafers and the lapping agent lying between the working disks

and the semiconductor wafers.
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and the sem conductor wafers. 4 The edge of the sem conductor wafer,

i ncl udi ng any existing mechanical markings such as an orientation notch or
an essentially rectilinear flat on the wafer edge, is usually al so
processed (edge notch grinding). To thig end, conventional 5 grinding steps
with profiled grinding disks, belt grinding nethods with continuous or
periodic forward tool novenent or integrated edge roundi ng net hods (edge

grindi ng rand &dge o P N doRdRRe o5t SR e, eﬂ%@ﬁdﬂ% lﬂ? QLouR i 9k

chem cal processing steps conprises cleaning and etc steps, In
parti cul éleqh?@%mrkdm@oﬁﬁl% A&t ﬁ@n@rlieﬁtaéﬂ@@r n@écabpadéndarmged

surface layais iandy adeduaacshe F1sur baceheoygieesedglt chkngsshens wikh

al kal i ne nedi a, art cul arl basgg,on NaOH gideUWlﬁ drOX|de) Ki

(pOt&SSI@ﬁQﬁ?qﬁﬁﬁ) i%% HLECdPeamet Ry FRiofiGm RYAYEREET2dnd

et chi Bg oxtieps g tdtead diiahnmpdiod i liedl gaﬁhﬁ&ubaalbasedbemtngx&nae&gof

HN03/HF nltrkf acu?{@ydrofluorlc amd)lP%ﬁ gnblnat gns of such etchlng
n

steps are enﬁ1oye&' ARG S BFhEFtE Oﬁ@?ﬁgd OO%u@ﬁvggeBIagﬁa
et chi ng am&agxaﬂadn&ﬁQQ/nﬂwndlmsemetZOdEhéeggeugr@hd@hgnandledgehan|ca

proce55| %kﬁﬁ_ﬁFQ§PQkE§%t£§9|%%Q'G%e%?eDs by whi ch, through parti al
I

chem cal “reacti on and art mechani cal materi al abraS|on the surface is
snoothed with respect to |local planarity, nanotopol ogy and surface 25

roughjpes sph angd-digsidtuah dankrge pro e s kaepsl Sohpraved c1Bahishi Bgg
general ly conpri ses one or nore prepolishing (abrasion polishing) and

gri ndi ng-S5Le 1S iSTER50l iShiPsGt 1Rt ey rsfeys lard GﬁpFéﬁéPﬁ§l§P§o in
i nt er medicd@erstepsddidd peliceld Re-facd0 1@§ei@2&51916@oA&eaa&@r ikhes a nethod

Lgaug;gg%ﬁéﬂ%ﬁ§$g§%§9d%§£9rEt E%Esst%%swgagg Eiaalne megg process

‘ particularly based on NaOH (sodium hydroxide), KOH (potassium

15 hydroxide) or TMAH (tetramethylammonium hydroxide) and etching
steps with acidic media, in particular based on mixtures of
HNO3;/HF (nitric acid/hydrofluoric acid) or combinations of such
etching steps are employed for etching. Other etching methods
such as plasma etching are occasionally also used.

20 _
The group of chemical-mechanical processing steps comprises
polishing steps by which, through partial chemical reaction and
partial mechanical material abrasion, the surface is smoothed
with respect to local planarity, nanotopology and surface

25 roughness, and residual damage of the surface is removed.
Polishing generally comprises one or more prepolishing
(abrasion polishing) and grinding-free (fine polishing)
polishing steps and optionally also intermediate steps (buff
polishing) .

30
DE 10215960 Al describes a method for producing semiconductor
wafers, in which the following process sequence is emploved:
a) separating a semiconductor single crystal into wafers,
b)‘lapping the front and rear sides of the semiconductor

35 wafers,
c) etching the front and rear sides of the semiconductor
wafers,

d) finely grinding at least the front sides of the



a) separating a sem conductor single crystal into wafers, b) |apping the
front and rear sides of the sem conductor 35 wafers, c) etching the front
and rear sides of the sem conductor wafers, d) finely grinding at | east
the front. sides of the 5 sem conductor wafers, e) etching the front and
rear sides of the sem conductor wafersy f) polishing the sem conductor
wafers. 5 During the production of sem conductor wafers for CMOS

(Conpl enentary Metal Oxi de Sem conductor) applications, final polishing of
at | east skhecbhenttsirdga®brkhe sem conductor wafer as per step f) in DE

10215960 |s vided. in_all kno met hod 10_.in order.to et the
stringenf’r %SgFBﬁeng F5Pn5I88§nr§ﬁﬁ SF%@%IOEI %r???l%ﬂﬂgﬁﬁﬁ8¥opology of
startingwaditesi,als for the production of these conponents. For the

productlg %fliggﬁﬁgﬂgﬂ§; Lo0a E&ﬁcE It aggllcgtlons in 15 power

electronl rication o di'scre conponents, however, these
met hofls are too el aborate and wunecononi cal. Sem conductor wafers intended

for suchy g&ehbc%b%%aﬁetggntB@rs&aiﬁoﬂa{f@cw hapoed ang <E1‘&§§t ed wth an

etchant after separation froma single crystal
sen1condd@@@plﬁﬁﬁéﬁ§erMﬁ6@lp@évﬁaeaethPHdECEggé amwleﬁﬁtgoaﬁe fh@@b to

achi eve baqlghaﬁgrbEyaen@egges§héeﬁybﬁen§maé 9% the séﬁﬂb&ﬁ@gegéPrw%@éfr
merely by |appin et chi ng A nmethod with a sawin appi ng- et chi ng

process §§q@@ﬁc§%F§ fknbﬂnDEf6PZ%§3ﬁBIés PF%W%@E@Gl@G%lgOE NOYN fReEAVEMt age
of thos Het bedelstbhatetappengtleagdant ordaivgéments for global and

local planarity and nanotopology of starting materials for the

production of these components.

For the production of semiconductor wafers for applications in
15 power electronics or for the fabrication of discrete
components, however, these methods are too elaborate and

uneconomical.

Semiconductor wafers intended for such applications are

20 therefore usually lapped and treated with an etchant after
separation from a single crystal. Polishing of the
semiconductor wafers is not provided in this case. Attempts are
made to achieve the planarity and gloss requirements of the
semiconductor wafer merely by lapping and etching.

25
A method with a sawing-lapping-etching process sequence is
known, for example, from US 6,063,301.

A disadvantagé of this method is that lapping leads to damage
30 deep into the interior of the crystal lattice, which usually

necessitates increased material abrasion during the subsequent

etching in order to remove it. A high etching abrasion leads to

a deterioration of the planarity of the semiconductor wafer

35 A sawing-etching-lapping-etching sequence is described in US
5,899,744. The material abrasion during the lapping is intended
to be reduced here by already carrying out a first etching

treatment of the semiconductor wafer before the lapping step.



30 deep into the interior of the crystal lattice, which usually
necessitates increased material abrasion during the subsequent etching in
order to renove it. A high etching abrasion |leads to a deterioration of
the planarity of the sem conductor wafers 35 A

saw ng- et chi ng- 1 appi ng-etchi ng sequence is described in US 5,899, 744. The
mat eri al abrasion during the lapping is intended to be reduced here by
already carrying out a first etching treatnent of the sem conductor wafer
before the | apping step. 6 This nmethod is al so di sadvant ageous since a
further “dEtemSiEd dF Gilaheifeslvanitapesmst KdnSenPedHaF s wafer is to

be expect®st dxiRdibeldiioe PleRSriz AdbH Rher isehisvhiree JroyaFeess sokot he
sem conduyct or maf%%ii%produce nanely less than 100 nm is reported in al

known $dPeTt T 1§@éﬁ§%?sprOV|ded 10 It is proposed in DE
10237247 Al to separate the senlconductor wafer froma single crystal,
subj ect the S¢ conduct waf er nt with .an etchant and

subsequeﬁ?f clean i tom ac%Lﬁ%ﬁ%F“%@bﬁ §§|S§F%€8§§Pﬁ§°§t¥6 S&hch as
gri ndi ng,pﬁcailp]efg rramqul |J$hasng:Hae] ri@Opmul dsdre@ogit@@s iet @Add known

senlcondq&g (%@E$%e K '%p]_ %Eéﬂ‘ﬁ% g& gast 70% can be produced

by this ectl senl ctor wafer is essentially
deternlned by proj ecting Iight onto t he senlconductor wafer at 20 a

partigul afe anglg L dp 80Nt 2Easyr iNg dhe Jualilee! @ %%E{H%?l@lhc tor
Sem conductor wafers with _an unsatisfactory surface roughness 0.1-0.5

um are al'§ot i SV d SiRAlfe EAER dodRIRE. ths ﬂﬁ&lﬁéﬁd&cé:%vafﬁtf%e tef
this nethoddsatmaic eMah kel @tdihingh arfl GhiRe@RMRILOR lienpreyi ded, which
entails %Edeterlora on of. theEPIanarlt or a %Pcrostru%ﬁure qf a.surface
of the her mechanical processing steps such as grinding, lapping
or pollshlng being provided. A gloss-etched semiconductor wafer
15 with a reflectivity of at least 70% can be produced by this

method.

The reflectivity of a semiconductor wafer is essentially
determined by projecting light onto the semiconductor wafer at
20 a particular angle (40 to 80°) and measuring the reflected

component.

Semiconductor wafers with an unsatisfactory surface roughness
of 0.1-0.5 um are also disclosed in the cited documents.

25
Another disadvantage of this method is that even here a high
etching abrasion is provided, which entails a deterioration of
the planarity or a microstructure of a surface of the
semiconductor wafer. This microstructure is distinguished by

30 wvisually perceptible roughness variations over length scales of
50-2000 um and is also known to the person skilled in the art

as an "orange peel" structure.

Such a microstructure of the surface leads to a limitation of
35 the possible linewidth in photolithographic processes during
the production of components. This linewidth means the minimum

distance between two objects of the overall component, for
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sem conductor wafer. This mcrostructure is distinguished by 30 visually
percepti bl e roughness vari ations over |length scales of 50-2000 pmand is
al so known to the person skilled in the art as an "orange peel" structure.
Such a microstructure of the surface leads to a limtation of 35 the

possi ble Iinewi dth in photolithographic processes during the production of
conponents. This linew dth neans the mnimum distance between two objects

of the oveLalh CQMROREREanlQM LLry@%aTRLE Bﬁgogaﬁgaeasegeweewot he opposing
edges of two interconnects. It is therefore an object of the invention to

i nprove tHESECORPLEES -qual ity of unpolished seniconductor wafers and pernit
smal | er Ilnemﬁdths of conponents produced thereon. The object of the

invention is ac d by a ngthod fgr roducing an_unpol i shed
seni conddét ¢F° Oﬁﬁ'@ﬁ CEAGFIFs8S RS LHECPSEPBWERgLTPERES EAF pulling a
singl e cmysﬁabeohualiegl@dndm@baﬁsh&ﬁesbmhcoﬁbmcgbrndaﬁgrghanalpgkmierystal

O g 122203400 8 0C OAMEL B 0L LI LiLo ghystal . (a)
roundi ng € Sem condactor Wwafer Surf ace: grlnd|ng at
| east one side of the sem conductor wafer, (f) 15 treating the

sermi condygloiMater o LiAneLehanh, lggg #aegghybycgeﬂegﬂadt?

senlconductor wafer. According to ste he™ net accorﬁlng to the
i nvent i oRrOCKRCSNGgRE @ﬁ?@@&ﬁh@ﬁ~§§ﬁﬂ€©ﬁ ueter waferi awhishf FpEprpEeduced by

20 the cryst &o1nukdingd srRihod. (4 Thguiwggeacwﬁg% keykBathbs gase
preferabg%wgroduced according to the FZ _netho ¥he met hod_i s al so

equal |y &5 uFGPrCF9§F§P§-pulPédgﬁﬁndﬁﬁgnghﬁfséﬁglglFFXEHanrBFB@erany
used as the sepacarduct ar serfiecndluctd® Aasenglkeonr ystial cpyeterably) has a

1-0-0, 1r%u%dg%glikéle%5%§% th%rgggﬁgghaubtor wafer, (e) surface-
grinding at least one side of the semiconductor wafer, (f)
15 treating the semiconductor wafer with an etchant, (g) finally

cleaning the semiconductor wafer.

According to step (a) of the method according to the invention,
a single crystal of semiconductor material is first produced by

20 the crystal pulling method.

The single crystal is in this case preferably produced

according to the FZ method.

25 The method is also equally suitable for crystals pulled by

means of CZ.
Silicon is preferably used as the semiconductor material.

30 A single crystal preferably has a 1-0-0, 1-1-0 or 1-1-1 crystal

orientation.

A single crystal is preferably doped by adding a dopant to the
single crystal during the pull.

35
The single crystal is preferably p- or n-doped and has a
resistance of 0.001-100000 Ohmcm, with a.resistance variation

of less than *10% in the axial and radial directions.



A single crystal is preferably doped by adding a dopant to the single
crystal during the pull. 35 The single crystal is preferably p- or n-doped
and has a resistance of 0.001-100000 Chntcm with a resistance variation

of less than 10%in the axial and radiaB directions. 8 In the case of a
p-doped single crystal, a 1-0-0 single crystal pulled by neans of FZ is
for exanple gassed with diborane during the pull and a resistance val ue of
50 Ghntem i s achieved. 5 Subsequently, according to step (b) of the nethod

according_t the invention, the single crystal is grqund round accordjng
to the %Pi%PeaFﬁselﬁ%TﬁepaﬁﬁﬁgﬁeF188 EhE* Fﬁ@he érg§BéB ﬁ?ﬁﬁﬂﬁ ?Bﬁﬁaa#s

pr ef er ablopl18s 30 meam sAofefizcasdiioroexuabie gassebiseduentiposeparated from
the roundl d_si-ngle .crystal rding to st .15 The, separation
of the ser&?lﬁr%@ e 0P 87t For%te%ﬁé%éﬁgal ‘e’ag‘éFyS?aEBi éﬁ%}%f é?a%??l%\z?‘?r ed
out by means of a wire saw according to the prior art. 20 Neverthel ess,

separ at i i afe e 3¢ %%@%&ggr af s&%;qm Bgrgggn%@hsayéé%réyn g

internal hole saw i S also preferred : uctron of a sem conduct or
waf er wi tthea HcEkAess she PODIpMm 6FYAbRE, 18epapunionoundt AFgos@rilgohduct or
waf er by tar 25 il @rkal hole saw is nore econonical and therefore
particularly preferred over wire sawi ng. The edge of the sem conductor

waf er is subsequently rounded according to (d). 30 The edge of the

seni gondatleodivleeeri $fi fhikhissngasecpyetelablyungi vetna ckrpguéasrsbape in
cross section, Which is usually

A semiconductor wafer is subsequently separated from the
roundly ground single crystal according to step (c).

15
The separation of the semiconductor wafer from the single
crystal is preferably carried out by means of a wire saw

according to the prior art.

20 Nevertheless, separation of the semiconductor wafer from the

single crystal by an internal hole saw is also preferred.

For the production of a semiconductor wafer with a thickness of
700 pm or more, separation of this semiconductor wafer by an
25 internal hole saw is more economical and therefore particularly

preferred over wire sawing.

The edge of the semiconductor wafer is subsequently rounded
according to (d).
30
Thé edge of the semiconductor wafer is in this case preferably
given a circular shape in cross section, which is usually
characterized by two parameters: on the one hand by the circle
radius and on the other hand by an angle which a tangent of the
35 circle, at a point where the circle line intersects a line
parallel to the surface of the semiconductor wafer, makes with
that line.



characterized by two paraneters: on the one hand by the circle radius and
on the other hand by an angle which a tangent of the 35 circle, at a point
where the circle line intersects a line parallel to the surface of the
sem conductor wafer, makes with that line. 9 At least the front side of
the sem conductor wafer is subsequentl$ ground according to step (e). The
rear side of the sem conductor wafer is preferably also 5 ground. After
the grinding, the sem conductor wafer thus either has a ground front side
and a sawned lkeat &h@ef@bnttshaengUﬂﬂeogeﬁQ&bndﬁtdﬁﬁ.wéﬁeih@snaterial

abr asi on | prefe%g Lé cted s tha% su fac danage caused by the
separ at i SH°GFHHRE ESHB CPSFO 8¢ FPo e?h Yingle crystal is

conpl etely renoved. 15 The grinding of the sem conductor wafer is

preferab&%_CQT%&e 1d% S%ﬂgegghﬁk%%fﬁ§t896 ge# oL gréP rQ§59T%PQ$h si des.

Si mul t anéous ~doub grindi s al'so pref e grinding
in thfs @a@@nﬂespectlvely conprises two steps: coarse grinding and
subsequent fine grinding of one side (the front side) or both sides (front
and rear sides) of the_ sem conductor wafer. 25 The coarse grinding is

pr ef er abPyf tear Hhed I8dRABYIgr FAEI AGNEFSREUCHPE hwal §F | HaRAgehEent Granal arity

of #100- 1000indGEBeitNgideskadwat Baelr vBELNgi 8868t Jf anyl gFbiNd0bn both
#2000-800Q _ are preferably used for the fine grinding. 30 A materi al

abraS|onSd9ﬁSng the coarse grinding preferably lies in the range of 5-100
pm poeferably in. the range of 20-60 um on one side of the sem conductor

wafer. 33,Ruring the Line grinding, the freterial plLagiop,Ls preterably
damage caused by the separation of the semiconductor wafer from

the single crystal is completely removed.

15 The grinding'of the semiconductor wafer is preferably carried

out sequentially in the case of grinding on both sides.
Simultaneous double-disk grinding (DDG) is also preferred.

20 The grinding in this case respectively comprises two steps:
coarse grinding and subsequent fine grinding of one side (the
front side) or both sides (front and rear sides) of the

semiconductor wafer.

25 The coarse grinding is preferably carried out by grinding disks

with a grinding agent granularity of #100-1000.

Grinding disks with a grinding agent granularity of #2000-8000
are preferably used for the fine grinding.

30 ,
A material abrasion during the coarse grinding preferably lies
in the range of 5-100 pm, preferably in the range of 20-60 um

on one side of the semiconductor wafer.

35 During the fine grinding, the material abrasion is preferably
in the range of 2-50 um, preferably in the range of 5-20 pm on

one side of the semiconductor wafer,



in the range of 2-50 pm preferably in the range of 5-20 pmon one side of
the sem conductor wafer, 10 |If the sem conductor wafer is separated by
means of an internal hole sawin step (c) of the nethod according to the
invention, it is preferable to grind the sem conductor wafer on both sides
in step (e). If only the front side of a sem conductor wafer 5 separated by
means of an internal hole saw would be ground, this could nean that the

great er %&yegg I ggcgﬁgﬁg%ogeugwe&hg %gggggﬁeafb%g 8gﬁg189nggcaﬁee%ﬁgfr

(subsurface rear Si sem er conpared
to wire éﬁé%%@a% inneteporpl ePél Fheemstragdbycensdsnbsequehe ﬂ?léfétlﬁ'éﬁ-’(lrvm th

an 10 et ghanty ARG esidualb @%’Iﬁgleth%”%leﬂﬁcBHdEB@oEe%éf%!rd%nOBoEﬂes:Ldes
sem conduyctor wafer, which_ forns into efects during a process in

t he conpdﬁbﬁﬁxﬁ¥déﬂctFénonﬂngP€u¢§PP§ é&%ﬁn@faa ERBLRARBFEEEsY2L8Ad coul d
t her efor g egause dape kAt of theinfturebiloRo0E the GeUPaneat gragddin the

wor st ca their _f |Iure fter the surface.grindi,n th em conduct or
ol e § it o et S et SEEEoRE, FEvEGalPane, Pitastl Relhtt Fog
accordln@unﬁadéueﬁ nhentsieor codduthbs waﬁevessubeusﬁbsurﬁamagdanagethe

remai ni ”%ef rro@ltcféeo%r - g%ﬁli%%%@u &h%ag@ec% gmal o n %ggaggxé%%g”?ggt or

waf er sides, and
grlndlngn@ﬁ @m@m@@@@1an@emﬁ§e§aWNn@h@nsubeequﬁet §réetmﬁnthwit§eﬁhconductor

waf erpi N e LASE Qg %‘e%g'd%ai' @l%m%b'e”&“eﬁﬁm@oIthée%SQ”QHEEOBfV‘@E@r i s

preferably treated with an acidic etchant. The material abrasion during
the treatSFEHCOBIAUNOTs BREEENdUELER T90™Raf BEOW.BRIEKe ORERAEE SHERRAL 2

pref er ablgt Sz-ckR0 jemtoR e:@&bonszh@ep%dhb@lmm parduet0nraef auriAgnateri al
abr asi on ?I 10- ZOIpn1on eac Sldﬁ
thermal ocess, and could therefore cause impairment of the
function of the components and in the worst case their failure.
15
After the surface grinding, the semiconductor wafer is treated
with an etchant according to step (f) of the method according

to the invention.

20 This removes the subsurface damage remaining from the grinding
step in the case of grinding the semiconductor wafer on both
sides, and the subsurface damage reﬁaining because of the
grinding on one side and the sawing on the other side of the
semiconductor wafer in the case of single-side grinding.

25
The semiconductor wafer is preferably treated with an acidic

~ etchant.

The material abrasion during the treatment of the semiconductor
30 wafer with the acidic etchant is preferably 5-100 um on each

side of the semiconductor wafer.

A material abrasion of 10-20 um on each side of the
semiconductor wafer is preferred.
35 The etching step is preferably carried out with a mixture of

HF/HNO3 (hydrofluoric acid/nitric acid).



sem conductor wafer is preferred. 35 The etching step is preferably carried
out with a mxture of HF/HNO3 (hydrofluoric acid/nitric acid). 11 HF/ HNG3
is particularly well suited for renoving netallic contam nations caused by
previ ous nechani cal processing steps (wire sawing, grinding) fromthe
surface of the sem conductor wafer. 5 Washing steps with distilled water,
wet chem cal hydrophilization preferably carried out by neans of H20/03
(wat er / ozgryeinoands aphtyi AL St Bp el fdirither e ﬂ@n@w c?e%étrantﬂe scope of
step (f). Qﬁ@pe h)S[LdrOphlllz%1d nis referabg% car out i.n a gas phase
by means S JasePRg SPUSF Fy ﬁﬁeV 8USeffFEoRtuct rpﬁ8F§FSlnﬂb? #8%0xi de
is fornedmuneb@bmlagdegrdhdh&@-sémbmomﬁHCEQEfnaEebflﬁhbysemeconductor
hydrophlla. tion, so that the surface of the sem conductor wafer is seal ed
and the risk of creating inmprints during subsequent contact w th handling
equi pAent is reduced. This native oxide |layer is preferably 0.5-3 nm
‘thick. 2@, 1 n fi t npl e globa

pl anarit dékﬁ%%sgt %%hg1? l%@%%lo ?ﬁggggnﬁ%gnghgﬁégé%a fer preferably
carried I&ﬁ@eﬂlﬁﬁélpﬁe@ﬁﬁéﬁﬁa@ﬂYtﬁér§eﬁﬁc@ﬁéuéV0meaﬂéfef ﬁk@h@ihe

et chant aGrAdi/REhe)(bha 25 dkly il fs‘érebhgk@'fﬁrlﬁh%ﬁrﬁbi‘@ grkbecdetar mhne bul k
resi stanc val ues of t he sem conductor wafer. This has the advantage that
a sem co 56PRFarer SePcH fdoes 30 not Iie in a determined tol erance
rangeow th respect toits planarity and/or its resistance can be rejected.

It is quﬁper efer%ple t.o callbrageythe sem.conduct or

rop iZzation is prefera carried out in a gas phase

by means of 03 gassing after drying the semiconductor wafer.

Native oxide is formed on both sides of the semiconductor wafer
15 by the hydrophilization, so that the surface of the
semiconductor wafer is sealed and the rigk of creating imprints

during subsequent contact with handling equipment is reduced.

This native oxide layer is preferably 0.5-3 nm thick.

20
A measurement of planarity parameters (for example global
planarity GBIR) and the thickness of the semiconductor wafer is
preferably carried out after the treatment of the semiconductor
wafer with the etchant according to (f).

25

Tt is furthermore preferable to determine bulk resistance

values of the semiconductor wafer.

This has the advantage that a semiconductor wafer which does
30 not lie in a determined tolerance range with respect to its

planarity and/or its resistance can be rejected.

It is furthermore preferable to calibrate the semiconductor
wafers into groups with a particular resistance and/or a

35 _defined thickness.

Since contact of the semiconductor wafer to be analyzed with

the material transporting the semiconductor wafer (typically



wafers into groups with a particul ar resistance and/or a 35 defi ned

t hi ckness. Since contact of the sem conductor wafer to be analyzed with
the material transporting the sem conductor wafer (typically 12

pol yur et hane, for exanple) occurs during2the neasurenents or handling of
the sem conductor wafer, and despite the hydrophilicity of the surfaces of
the sem conductor wafer, a certain contam nation of the sem conductor

waf er caﬁaqyugétaah@IeQOQUExa Pne¢xaaah@slau£mﬁ th€1ﬂEa§ﬁréﬁEﬁtQt09n t he
a copnveyor ge t or ac |.€e a

Sen]condﬁﬁpﬁé waf er or exa g

suppor t Big Pér SIEFWQCSH BRFRONUGEEEr #BFefFSPLR FRE form of
particleaydmo@h3éla$tgebalthe SQmEaﬁEBabEOﬂhépBEmﬁCbhﬁubyoﬂlW&ﬁérCOﬂtaCt
with ac Ve 10 .c pss: contani.nation from a_previ
neasuren%%F procgg Eéﬁla tlgn Hi 86n uctormmﬁ?gﬁuﬁn?ﬁ Waﬁ%F y%ﬁngFe ﬁed stil
cont afii natéed sutf acer &xsmbieqmantheléanmngfsaaplmprnennva these particles

and i mpr iat8 opLhe osepheanduchor waler of sengcesaaLyoal hei e o

neasurenents Fi nal eaning o e sem con UCtO IS t ?ore
carried lo@t BnSsPEprgpustabhe ﬁ@?hb@lﬁéégrélﬁ@mﬁéoﬂﬁéCFﬁVeW@f@ﬁ) The

cl eani ng tpreefrRr-abloy b@!@ﬁ%@%sao§eGQ§@C§s gbeaning tBAtaRdngembgonduct or
wafer in baths Qf S rfgﬁtants - washin treatnent in %tueous HF sol uti on

(opt i onal By 1fREh 93Pt lF@ﬁﬁvéonﬁéFEIWEEhCGnFaﬁVﬁXPFoH§ '§ uPENBY
hydrqphlbnmSéahb@mamwhbmhomsfrearalp@eoubueimbasumeheﬁheﬁreaéby 6h Ay

gassing - _and dr nduct fe 25 _The _trea eous
HF solutﬁgﬁlcgﬁgé FFchg n?aﬂ?ﬁa?m%ngieﬁﬁﬁéh ﬁ§§i§ C8ﬁﬁ§%ﬁnﬁ§gg
preyloussmeigueenanEQbs&mueby kderdhing egebpientembrenthheespatatetesf the
Senlcondgﬁbpﬁnﬁﬁﬁﬁks on the semiconductor wafer is necessary after the
measurements.
15
Final cleaning of the semiconductor wafer -is therefore carried

out in step (g) of the method according to the invention.

The cleaning preferably involves a seqguence: cleaning the

20 semiconductor wafer in baths of surfactants - washing -
treatment in aqueous HF solution (optionally with 03) to remove
metallic contaminations - further hydrophilicization, which is
carried out either wet chemically or by gassing - and drying

the semiconductor wafer.

25
The treatment in aqueous HF solution removes metallic
contaminations, which may be caused by previous measurements
and by handling equipment, from the surfaces of the
semiconductor wafer.

30

The concentration of the agueous HF solution is preferably 0.2-
)

oP

In order to be able to identify visually perceptible defects
35 and reject a semiconductor wafer having such defects, a visual
inspection of the semiconductor wafer is preferably carried out

after the final cleaning.



30 The concentration of the aqueous HF solution is preferably 0.2- 5% In

order to be able to identify visually perceptible defects 35 and reject

sem cond
sem cond
The sem

di spatch. A particul ar advantage of the method according to the invention

uct or wafer having such defects, a visual inspection of the
uctor wafer is preferably carriesl out after the final cleaning.
conductor wafer can subsequently be packaged and prepared for

a
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nt over rart

roducti on netho sawed, pped and etched sem conduct or
fremefeoactuceHor WhRiter -i §d6 avorghacdedeprepacivg 6P the
UehAde 10 tRE repaRicGoRdiekoh i Watek oWeliB tBinghvet eBbnagaByasi ons
éPeel",). 25 At the sane tinme, planarity paraneters are achi eved
TIRHNG S988h the prior art of a "sawed, |apped and etched

uctor wafer”.

The semiconductor wafer produced by the method according to the
invention has a surface roughness of 3 nm or less on its at
least one ground and etched side, which represents a
significant improvement over the prior art of a "sawed, lapped

and etched semiconductor wafer" (roughness 100 nm or more).

A relatively low etching abrasion is required in the method
according to the invention compared to the production method of
a sawed, lapped and etched semiconductor wafer, the effect of
which is to avoid a deterioration of the microstructure of the
semiconductor wafer with high etching abrasions ("orange

peel").

At the same timé, planarity parameters are achieved which are
better than the prior art of a "sawed, lapped and etched

semiconductor wafer".

Furthermore, it is also possible to produce thin semiconductor
wafers with a thickness of 80-100 um by the method according to
the invention, which i1s not possible with a sawing-lapping-

etching process sequence according to the prior art.

The object of the invention is also achieved‘by an unpolished
semiconductor wafer having a front side and a rear side,
wherein at least its front side is ground and its front and

rear sides are etched, which has a reflectivity of 95% or more



30 Furthernore, it is also possible to produce thin sem conductor wafers
with a thickness of 80-100 um by the nethod according to the invention,
which is not possible with a sawi ng-1appi ng- etching process seguence
according to the prior art. 35 The objeect of the invention is also achieved
by an unpolished sem conductor wafer having a front side and a rear side,
wherein at least its front side is ground and its front and rear sides are

etched, whigbzRasoa rekl ecbhvi bysef §5g@95a89r§o&§hn@és|@98§ 28 b%sléégnt
side, a surface roughness of 3 nmor |ess |l east on its front sjde

thlcknes§to#69§t296015ﬁ1féoﬁFOBé@e'pFaEEFFF9e§§I9% eBr 2 6f Bm}|%1%¥°b%%s

whi ch isphaseeiey @aledgesIRusgi B gh SrMeaBd whieh hasbas®hobel &k heggaphi c
resolution of 5 % to 0.8dun%.aﬂ whi ch %urtgernnre cont ai ns f nati ve_oxi de
kA 0 n ah

| ayer wi PRTEPhiPekAelE 8F RfFeqpBEPFO Whﬁﬁr"f‘?]%l?r%?o T eaf
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respecti q n e nt p QGess, ; 8N eraply

100- 500 FEXF%Tﬁ%tﬁrgbgﬁlCF%ﬁgg|?% OoPue & Eer SSFeY et b?n %runf 15 The
seni condaeotorenaf endes .preferably a nnnocrystalllne S|I|con mafer. The

gl obal planarity relates to the entire surface of the sem conductor waiter
| ess an edge margin to be defined, and is 20 described by a gl obal

pl anari t Fh@althd cEBERS( §fobBE BEBkSORFAEECF eTefeAcRAr FEeRPIPS abe/ Fadige =

nagnnbud%e@bebmava0§bguz@eﬁeﬁtsnegattMe deMbahERR $rORLEs, and is
backsurface-referenced ideal plane for the entire front side of the

senm condBEESETREREr )0 UaRPEn Meor r esponds to the previously customary
specification TTV 25 (total thickness variation). The photolithographic

resol uti of .a east 0.8, um.i sem conduct or
vaf er . g@@r&#ﬁéagop ﬁ&aFﬁ$¥nYF§H §Eguﬁfa8fgge $bi%e p%ogu%Tion of
el ectroni c conponents with

15 The semiconductor wafer is preferably a monocrystalline silicon

wafer.

The global planarity relates to the entire surface of the
semiconductor waiter less an edge margin to be defined; and is
20 described by a global planarity value GBIR (global backsurface-
referenced ideal plane/range = magnitude of the positive and
negative deviation from a backsurface-referenced ideal plane
- for the entire front side of the semiconductor wafer), which
corresponds to the previously customary specification TTV

25 (total thickness variation).

The photolithographic resolution of at least 0.8 um is intended
to mean that the semiconductor wafer according to the invention
is suitable for the production of electronic components with

30 linewidths of up to 0.8 um by means of photolithography.

The semiconductor wafer according to the invention preferably

has a reflectivity of 98% or more at least on its front side.

35 The semiconductor wafer according to the invention preferably
has no damage, craters, plastic residue or other defects that

can be identified by means of a visual inspection.



30 linewdths of up to 0.8 pm by nmeans of photolithography. The

sem conduct or wafer according to the invention preferably has a
reflectivity of 98% or nore at least on its front side. 35 The

sem conduct or wafer according to the inygention preferably has no danage,
craters, plastic residue or other defects that can be identified by neans
of a visual inspection. 15 Furthernore, preferably no particles are

visible @%I%m%rm%%@lcg@@@%&@hlvahergaeegaébegazg %bglbmﬁeehleﬂeunder vi sual

observation with collimated |ight he rear sid e sem conduct or
vaf er i s SSFEFCORABICFOrT KeweEe 2C6PEEABIaka EREhéBYETheOBeHE6RdUEEBR WS er

accor di ngdserthe ibaventhonofiurtheenoneqnpr ef erably has 1013 cnR or | ess,
preferably 5x108-1013 cm' of 10 neta?lic contam nations with measurenent
by neans of VPD TXRF (vapor phase deconposition-total reflection X-ray
fIuorescemmereamaby@bsbfoth&PBemEEoNBuetaduwhEéelyscpuafeﬂabngsmakmwibe
quadrupole na %n%;er) 15 The netal contam nations are preferably
copper, ckel ¢rurm cont ani nations. The seniconductor wafer is
preferably of the p or n conduction type and has a 1-0-0, 1-1-0 or 1-1-1

t al t I f - 00
iemand s Frbfeobtor f’srf%gc%H%?‘—’Fgélée?hiﬁﬁ%g%(’%ﬁggisﬂﬁgrg%%glg ness
of the n@aferskildebps pPe ecrnaglyr hessureee beralnky ser Condicter “wafer

accorgi ngndt@ 1tihe. b%ﬁ%@hhﬁat1%§sb%1%Eaﬁéaghr%hEhESBQEREanTB? genLegReuct or
waf er preferably has a circul ar shape of its_ edge in cross_section, which

i s char adtV@HCFe@hGF St RECORBORANE O OtRe EPELPELEERI BT aHdEbROFRECBRARY

hand by amzaRglie)w clpm-1@H-MaNgenriuafidly douled aflaamoritthivhere the
circle line jntersects a Iln% ar%ll | to the surface of the sem conductor
RS S Betery.

waf er , HECS PRES

15 The metal contaminations are preferably copper, nickel or

calcium contaminations.

The semiconductor wafer is preferably of the p or n conduction
type and has a 1-0-0, 1-1-0 or 1-1-1 crystal orientation in its
20 bulk, a resistance range of 0.001-100000 Ohmcm and a resistance

tolerance of less than *10%.

The 0.5-3 nm thickness of the native oxide is preferably
measured on the semiconductor wafer according to the invention

25 Dby means of ellipsometry.

The semiconductor wafer preferably has a circular shape of its
edge in cross section, which is characterized on the one hand
by the circle radius and on the other hand by an angle which a
30 tangent of the circle, at a point where the circle line
intersects a line parallel to the surface of the semiconductor

wafer, makes with that line.

Example:
35
The following process parameters were selected for the

production of semiconductor wafers:



Exanpl e: . ~-35 The follow ng process paraneters were selected for the
production of sem conductor wafers: 16 Wre sawing to thickness 425 | am
grindi ng abrasion 50 pm per side, of which 30 um by coarse grinding and 20
umby fine grinding; etching treatnment ;sith a material abrasion of 12.5 um
per side. 5 This gave the follow ng parameters of the sem conductor wafers
produced: - GBIR 1.5um 1 pm 10 - Thickness 300 pm 10 pm -

Refl ecti vjty: Q9% 0..(% Matoer e f S, S d by
means of AFM (at orsrgloct fgr}%lgknﬁ%égéggp i Eﬁ% aﬁgcgl%g%@ggﬁ 50 ® #1%%3 nm 1
run; - Longle /arsgie WWiidacd mMdudhh ESS1Ee qréﬁ@tlﬁgs@ﬂdegouynt @yz fﬁrﬁﬁ 20 30
run 3 nigAi@nge ReRNing t&%&n@i&p%lt%d&e nitleehia 1 atirks ieh 1¥01pmsang a
tangent angle , of 32. 17 Patent Cains 1. A nethod for producing an
unpol i shé&tfFseti®onduct or wafer, 5 mhlch conprises the followi ng steps: (a)
pulling a single crystal of a sem conductor material, (b) grinding the

single st al JO ) eparatln senl onduct or .waf er fromt
Single ahystalound Lok sera aling. 2 sereonductor pter,JLom Lhs
surfacegyroﬂhd@ﬂai | east one side of the senlconductor 10 wafer, (f)

treating the sem conductor wafer with an etchant, (g) finally cleaning the

sem conduct or waf er.
- GBIR 1.5 um *= 1 um;

10
- Thickness 300 m = 10 um;
- Reflectivity: 99% = 0.7%;
15 - Short-range surface roughness, measured by means of AFM

(atomic force microscope), length scales up to 50 um: 3 nm = 1

nm;

- Long-range surface roughness (on length scales up to 2 mm):

20 30 nm * 3 nm (orange peel);

- Bdge shape: edge circle radius of 150 um and a tangent angle
of 32°.



2. The nethod as clainmed in claim1, wherein the single crystal according
to (a) is pulled by the FZ nmethod. 15 3. The method as clained in claim1,
wherein the single crystal according to (a) is pulled by CZ nethod. 4. The
met hod as clainmed in one of clains 1 to13, wherein the 20 crystal has a
1-0-0, 1-1-0 or 1-1-1 crystal orientation and silicon is used as the
sem conductor material. 5. The method as clained in one of clains 1 to 4,
wherei n &5 dQRam; dgnadded to the single crystal during the pull. 25 6.
The method as clainmed in one of clains 1 to 5 wherein a dianeter of the
single crystal after grinding round is 75-300 mm 30 7. The nethod as
claimed in one of clains 1 to 6, wherein the separation of the
sem conduct or ma er fron1th S|n |l e cr%é f a&cordin is_carried
- 83"¢

)
out by neand °§nﬁ8rsaﬁp e et a?ﬁ%ﬂcg%d%ﬁEoﬁfw%f%¥ns 1to
6, wherein WhecBSCsﬁpaﬁéésoaheffbhEoﬁengcgﬁdpgtO(amaﬁ@llim@natﬁﬁnglégle
crystal is ca%%iid gﬁth an. |nt§ nﬁlrho e sa ﬁ% § d as c%ained
in one of cFarms®l Po 8, SFHEFEIHUEhe” sUrFaeeyt i ?n%réﬁ %?%l Ctderc
conpri ses coaysEa@rkudndg (by gepadanindi sksehavonguatgr avatsrzéroh this
#100- 1000 ( aby as 0 i ng by
5 grinding ggggla%év ngggég?%gs?ég %@gizégot%% %&%%Egﬁguan éﬂé%% eria
abrasi on of %QSGUFﬁﬁCQGQIIhéanFhbdla@Stl@mﬁeﬂlﬁﬁ ef arhe 9semherednc tbe
mat er joal a@&%ékon E? %QeQQiﬁglhﬁetQ@mEQ@ﬁ&@cSék”ﬂéE@raﬁﬂtﬁ 20 Q@&h&ntlo

the fine grinding as clainmed in one of clains 1 to
wher ei n thégﬁrghﬁaéﬁﬁ FégPningeshef SEHECIRALEBRBLUCREP waf er are ground in
the surface grinding of the sem conductor wafer

2. The method as claimed in claim 1, wherein the single crystal
according to (a) is pulled by the FZ method.
15
3. The method as claimed in claim 1, wherein the single crystal

according to (a) is pulled by CZ method.

4. The method as claimed in one of claims 1 to 3, wherein the
20 crystal has a 1-0-0, 1-1-0 or 1-1-1 crystal orientation and

silicon 1s used as the semiconductor material.

5. The method as claimed in one of claims 1 to 4, wherein a
dopant is added to the single crystal during the pull.
25 '
6. The method as claimed in one of claims 1 to 5, wherein a
diameter of the single crystal after grinding round is 75-300
rom.

30 7. The method as claimed in one of claims 1 to 6, wherein the
separation of the semiconductor wafer from the single crystal

according to (c) is carried out by means of a wire saw.

8. The method as claimed in one of claims 1 to 6, wherein the
35 gseparation of the semiconductor wafer from the single crystal

18 carried with an internal hole saw.



15 according to (e). 12. The nmethod as clainmed in claim 11, wherein the

surface grinding of the sem conductor wafer is carried out sequentially.
20 13. The nmethod as clained in claim1l1l, wherein the surface grinding of

the sem conductor wafer is carried out yginmultaneously on both sides. 25
14. The method as clainmed in one of clainms 1 to 13, wherein an acid

etchant is used in the treatnent of the seniconductor waf er according to
100 pﬁ]FSO 15.. The, met,hod as
0

(f), and terlghogbra5| n, durin

cl ai ned | 8|WF whgr &i ﬁlTﬁ% t%??a?f %%?é@? S §0-BFPM™ 167 The

net hod as cBarﬁedelgrchdunglacoordsngmheréeh Qompxt see c@ér*F/gﬁKEdlngused

as the etchgg ?F?ﬁ?‘  dhe gehlod, gs, ¢l IRd. | . 0 gio&' o hielg) 19

wherein ste hernore conp washing \Mt

wat er, wet Whéhlmateﬁydiophrﬁ329@|©ﬁ 5fl@ﬁeu@enﬁn@nﬂum@o@rlm@d@m bnd a
drY'nQ Stepgrlﬁdlﬁaedﬁgkgoﬁa©§n§|§'§Fglﬁnsfké'8flg20M@§é h& thER) and a
hydrophi lization is carried out”by neans of 03 gassing after drylng t he
senm conduct Batgafted. appasTpB @t hod0ad™el ained in one of clains 1 to 18,
wherein a neasurenent of planarity paranmeters and the thickness of the
sem conduct or waf er |1 et.erm_natign of bul k resistance val ues
are carrigth oﬂheafnie&s“quwgst F@ﬁﬂﬁ@%{ 15 R M danitshGdet fhenlpEeT#elh t he
et chant accabdaagoholéf)zo 80. uthhénnmehsodoass el artedinhg ghai ;m-40, nwhenei n

10

t he sem ¢ond uetar waf is rejected if it does not lie in a determ ned
Bhce r &hge! Fie

whthIF &8

tol erance r g to.its planarity or

11. The method as claimed in one of claims 1 to 10, wherein
the front and rear sides of the semiconductor wafer are
ground in the surface grinding of the semiconducteor wafer

15 according to (e).

12. The method as claimed in claim 11, wherein the surface
grinding of the semiconductor wafer is carried out
sequentially.

20

13. The method as claimed in claim 11, wherein the surface

grinding of the semiconductor wafer is carried out

simultaneously on both sides.

25 14. The method as claimed in one of claims 1 to 13, wherein an
acid etchant is used in the treatmeht of the semiconductor
wafer according to (f), and a material abrasion during it is
5-100 um.

30 15. The method as claimed in claim 14, wherein the material

abrasion is 10-20 um.

16. The method as claimed in claim 14 or 15, wherein a mixture
of HF/HNO; is used as the etchant.
35
'17. The method as claimed in one of claims 14 to 16, wherein

step (f) furthermore comprises washing steps with distilled



its resistance. 21. The method as claimed in claim 19, wherein the 20

sem conductor wafer is calibrated into a group with a particular

resi stance. 22. The nethod as clainmed in claim19 or 21, wherein the

sem conductor wafer is calibrated into aggroup with a 25 particular

t hi ckness. 23. The nethod as clainmed in one of claims 1 to 22, wherein the
final cleaning of the sem conductor wafer according to (g) conprises

cleaning th m condu .n.baths of .30 _surfactan washin t r eat ment
T aquesus HECERY feonchey GRap R TE SRR oh=akreh PR el PeRtehrcu ERer e
chemical ly werfepyagdsei Agyias wekb.as drying the sem conductor wafer. 24.
The nethod as clainmed in one of clains 1 to 23, wherein a 35 visual

i nspection of the semi conductor wafer is carried out after the final

cl eani ng b$- t HEhg evgiEmitra otladaiest laccdrdithg 7 t hegeimdhers. An

unpol ished sg-conductariwal e bavindaacheop, skdesapd @, realssidermberein
at least its front side is ground and _its front and rear sides are etched,
whi ch has a F¥tPEctRei F¢Mi6Pe59-6F WBfeTat | east on its front side, a
surface 5 roughness of 3 nmor less at least on its front side, a

t hi ckness, of 8Q- 2500 .u a gl.obal planarity val.ue GBI R of pm or .l ess,
which i s based &n I%%t}éogggea%gﬁ»]gﬂ“%f% MASrd HAEF HadCa oD% g Paphi ¢
resol uti on okaspreoseft8ofiuplaanditwhpehafhatther andethonthi aknaspavtvehexi de

| ayer Wi th t hi.ckness . 9-3._ nmrespecfively.on its front.and rear
sides¥)26. ﬁégﬁﬁggﬁggﬁgdwggﬁ?c%ﬁdﬁ%?%rg%ageéeégr%fg?%% i%£c %%%125,
which is a wesostyscel VeAsesi bireonanafied. ot 2fteThehanpotashedt of the

Se”iCondUCt%%HW%B%ﬁu@%ogl@5%@9 M@tﬁlﬁhglgéchant according to (£f).

20. The method as claimed in claim 19, wherein the
15 semiconductor wafer is rejected if it does not lie in a
determined tolerance range with respect to its planarity or

its resistance.

21. The method as claimed in claim 19, wherein the
20 semiconductor wafer is calibrated into a group with a

particular resistance.

22. The method as claimed in claim 19 or 21, wherein the
semiconductor wafer is calibrated into a group with a

25 particular thickness.

23. The method as claimed in one of claims 1 to 22, wherein
the final cleaning of the semiconductor wafer according to
(g) comprises cleaning the semiconductor in baths of
30 surfactants, washing, treatment in agueous HF solution,
hydrophilization which is carried out either wet chemically

or by gassing, as well as drying the semiconductor wafer.

24. The method as claimed in one of claims 1 to 23, wherein a
35 visual inspection of the semiconductor wafer is carried out

after the final cleaning of the semiconductor wafer according

to (g).



ofF 26, which has no damage, craters, plastic residue or other defects that
can be detected by neans of a visual inspection. 20 28. The unpoli shed

sem conductor wafer as clained in one of clains 25 to 27, on which no
particles are visible under visual observation with collimted light. 29.
The unpol i shed sem conductor wafer as ct@minmed in one of 25 clains 25 to
28, wherein the rear side of the sem conductor wafer is |ikew se ground
and etched. 30. The unpolished sem conductor wafer as clained in one of .

claims 25s5t0 28, uMbbThskoNt 3eMscHBERELE FRAUAMDAAINS #bBt Sle and
concentration of 1013 cng}or,less. 31. The unpol i shed sem conduct or wafer
as cl ai med & FGe B ¢ MRSHESS 3t LEGStwiiteh Trendt SERE pSoPTRUESNAREL i on
type and hiass &rort Gndl vkl @rideslakeClretsthald, ofvherhatiagnal freifiechtkkty35 a
resi stance p@qgg‘of 0.001-%pq900 Chncn1an% a resL%Fance t%lerance of |ess
t han 10% O ¥ Or more a east on 1ts Iront side, a suriace
5 roughness of 3 nm or less at least on its front side, a
thickness of 80-2500 um, a global planarity wvalue GBIR of 5
um or less, which is based on an edge margin of 3 mm and
‘which has a photolithographic resolution of up to 0.8 um, and
which furthermore contains a native oxide layer with a
10 thickness of 0.5-3 nm respectively on its front and rear

sides.

26. The unpolished semiconductor wafer as claimed in claim‘25,”
which is a monocrystalline silicon wafer.
15
27. The unpolished semiconductor wafer as claimed in claim 25
or 26, which has no damage, craters, plastic residue or other

defects that can be detected by means of a visual inspection.

20 28. The unpolished semiconductor wafer as claimed in one of
claims 25 to 27, on which no particles are visible under

visual observation with collimated light.

29. The unpolished semiconductor wafer as claimed in one of
25 claims 25 to 28, wherein the rear side of the semiconductor

wafer is likewise ground and etched.

30. The unpolished semiconductor wafer as claimed in one of
claims 25 to 29, which contains metallic contaminations in a

2

30 concentration of 10 cm™ or less.

31. The unpolished semiconductor wafer as claimed in one of
claims 25 to 30, which is of the p or n conduction type and
‘has a 1-0-0, 1-1-0 or 1-1-1 crystal orientation in its bulk,

35 a resistance range of 0.001-100000 Ohmcm and a resistance

tolerance of less than *10%.



