Met hod for polishing a sem conductor wafer and polished sem conductor wafer
produci bl e according to the nethod The invention relates to a nethod for
polishing a sem conductor 5 wafer, in particular a silicon sem conductor
wafer, which is intended to provide a sem conductor wafer having an
I mproved planarity, especially in the edge region, which has not yet been
achi evabl e. The invention relates specifically to a method for polishing a
sem conduct or waf er between an upper polishing 10 plate and a | ower
polishing plate, the sem conductor wafer being polished on both sides while
lying in a reeshodffer malirskemdya seprlepndgetopowasbrngndgpoliskentl to a
sem conduct or fer. i rtikcul ar sijljcon, sem.conductor wafer .. having an
i mproved pl anari 1?°é‘>‘?‘6?§8§2‘8¥%t%‘é°‘?‘6‘%ﬁ%? af%ceOtrsa'—"tﬂ’-? \cj:a J‘giearrln t%fg the SBIR
val ue. The planarity of the sem conductor wafer is a central quality
paraneterlgon ass%§singe he basi.c sui% gélh%% of. 1 he. sem conductor wafer as
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carrier by supplyving a pclishing agent, and to a semiconductor
wafer, in particular a silicon semiconductor wafer, having an
improved planarity expressed in the form of the SFQR value and

15 the SBIR value,

The planarity of the semiconductor wafer is a central quality
parameter for assessing the basic suitability of the
semiconductor wafer as a substrate for producing electronic

20 components of the most modern generation. An ideally plane
semiconductor wafer having entirely plane side surfaces lying
mutually parallel would cause no focusing difficulties for the
stepper during the lithography for producing components.
Attempts are therefore made to approximate this ideal shape as

25 far as possible. To this end a semiconductor wafer cut from the
crystal is subjected to a series of processing steps, and in
particular the mechanical processing placed at the start of the
process serves to shape the side surfaces by lapping and/or
grinding. Subsequent steps, such as etching the semiconductor

30 wafer and polishing the side surface, are carried out primarily
to remove superficial damage which the mechanical processing
steps have imparted, and to smooth the side surfaces. At the
same time, these subsequent steps crucially affect the
planarity of the semiconductor wafer and all efforts are aimed

35 at preserving as far as possible the planarity achieved by the



steps have inparted, and to snmooth the side surfaces. At the sane tine,

t hese subsequent steps crucially affect the planarity of the sem conductor
wafer and all efforts are ained 35 at preserving as far as possible the
planarity achieved by the 2 nechanical processing steps. It is known that
this object can best be achieved by the incorporation of simultaneously
performed doubl e-sided polishing of the,sem conductor wafer, referred to
bel ow as DSP polishing. A machine suitable for a 5 DSP polishing is

descri bed, for exanple, in DE 100 07 390 Al. During the DSP polishing, the
sem conductor wafer lies in a recess _intended therefor of a carrier acting
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polishing agent, on a path predetermined by a milling curve
relative to the polishing plates covered with polishing cloth.

The polishing pressure, with which the polishing plates press
onto the semiconductor wafer, and the duration of the polishing
15 are parameters which jointly determine crucially the material

abrasion caused by the polishing.

DE 199 56 250 Cl describes a method in which a mechanically
processed and etched silicon semiconductor wafer is subjected
20 first to DSP polishing and subsequently to guality control, in
which the planarity is tested and compared with a setpoint
value., If the required planarity has not yet been achieved, it

is repolished by further, shorter DSP polishing.

25 According to WO 00/47369, DSP polishing is carried out in a
first polishing step in order to give the semiconductor wafer a
concave shape, differing from the ideal shape. The concave
shape of the polished side surface is removed by a subsegquent
one-sided polishing, referred to below as CMP polishing. This

30 exploits the fact that CMP polishing applied to a plane side
surface tends to impart a convexly polished side surface, and
the CMP polishing can produce a plane side surface if the side

surface to be polished is shaped concavely.



concave shape, differing fromthe ideal shape. The concave shape of the
polished side surface is renoved by a subsequent one-sided polishing,
referred to below as CWP polishing. This 30 exploits the fact that Cw
polishing applied to a plane side surface tends to inpart a convexly
polished side surface, and the CMP polishing can produce a plane side
surface if the side surface to be polished is shaped concavely. 3 As the
i nventors of the present invention have established, the nethod nentioned
above has the disadvantage that only an insufficient planarity of the side
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roll-off, referred to below as ERO, is responsible for non-
planarity of the side surface in the edge region of the
semiconductor wafer. Kimura et al., Jpn. J. Appl. Phys. Vol. 38
15 (1999) pp. 38-39 have shown that the ERO can be derived from
the SFQR value of the partial sites. The SFQR value describes
the local planarity in a measurement field with a particular
size, for example an area of 20 mm x 20 mm, and specifically in
the form of the maximum height deviation of the front side of
20 the semiconductor wafer from a reference surface of the same
gsize obtained by least squares minimization. Partial sites are
measurement fields in the edge region which are no longer fully
part of the FQA, but whose center still lies in the FQA. The
SFQR value of the partial sites will be referred to below as

25 the PSFQR value.

Besides the local planarity, at the same time it is still also
necessary to consider the global planarity, especially since
CMP polishing in the course of producing components demands

30 good global planarity. Standardized parameters for such
evaluation are the GBIR value and the $BIR value, which is
correlated therewith. Both values express the maximum height
deviation of the front side relative to a back side of the
semiconductor wafer, assumed to be ideally plane, and differ in

35 that the FQA is used for calculation in the case of the GBIR



measurenent fields in the edge region which are no |longer fully part of the

FQA, but whose center still lies in the FQA The SFQR value of the partia
sites will be referred to below as 25 the PSFQR val ue. Besides the | ocal
planarity, at the sanme tine it is still also necessary to consider the

gl obal planarity, especially since CM polishing in the course of producing
conponents demands 30 good gl obal planarity. Standardized paraneters for
such evaluation are the GBIR value and %he SBIR value, which is correl ated
therewith. Both val ues express the maxi mum hei ght deviation of the front
side relative to a back side of the sem conductor wafer, assuned to be
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local planarity, especially in the edge region of the

semiconductor wafer.

The invention relates to a method for polishing a semiconductor
15 wafer between an upper polighing plate and a lower polishing
plate, the semiconductor wafer being polished on both sides
while lying in a recess of a carrier by supplying a polishing
agent, comprising
double-sided polishing of the semiconductor wafer in a first
20 polishing step, which is concluded with a negative overhang,
the overhang being the difference between the thickness of the
semiconductor wafer and the thickness of the carrier after the
first polishing step, and
double-sided polishing of the semiconductor wafer in a second
25 polishing step, in which less than 1 um of material is polished

from the side surfaces of the semiconductor wafer.

With this method the local planarity achieved after the first
polishing step, particularly in the edge region, can be

30 preserved in the second polishing step and the global planarity
can be improved, which leads overall to a planarity that
satisfies the requirements of the component generation with a
32 nm line width. This is a surprising result, since the method
described in the aforementioned DE 199 56 250 Cl and the method

35 described in the aforementioned WO 00/47369 are not capable of



agent, conprising doubl e-sided polishing of the sem conductor wafer in a
first 20 polishing step, which is concluded with a negative overhang, the
over hang being the difference between the thickness of the sem conductor
waf er and the thickness of the carrier after the first polishing step, and
doubl e-si ded polishing of the sem conductor wafer in a second 25 polishing
step, in which less than 1 pmof material is polished fromthe side
surfaces of the sem conductor wafer. Wth this nethod the |ocal planarity
achieved after the first polishing step, particularly in the edge region,

can be 30tpigsesverbhdh tiie wrcepPd IH NYoskep280dct henal ehakipl anarity
can be inproved, which |eads qgverall to a planarity that satisfies the
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particularly in the edge region, is reduced by the second polishing step. A
silicon sem conductor wafer produced by the method according 10 to the
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invention therefore also relates to a silicon sem conductor wafer having a
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achieved. The invention therefore also relates to a silicon
semiconductor wafer having a polished front side and a polished
rear side with a front side global planarity expressed by an
SBIRmax value of less than 100 nm, and with a front side local

15 planarity expressed by a PSFQR value of 35 nm or less in an
edge region, an edge exclusion of 2 mm being considered in each
case. The SBIRmax value is furthermore related to a measurement
field area of 26 x 33 mm and an arrangement of the measurement
field grid with offsets of 13 and 16.5 mm in the x and y

20 directions. The SBIRmax value describes the SBIR wvalue of the
measurement field with the greatest value among all the
measurement fields. The specification of the PSFQR value
relates to a measurement field area of 20 x 20 mm and an
arrangement of the measurement field grid with an ocffset of 10

25 mm in both the x and v directions. The PSOR value is given by
the sum of the PSFQR values of the partial sites divided by

their number.

The starting product of the method is preferably a

30 semiconductor wafer cut from a crystal, in particular from a
silicon single crystal, which has been mechanically processed
by lapping and/or grinding the side surfaces i.e. the front and
rear sides of the semiconductor wafer. The front side refers to
the side surface which is intended to form the surface for

35 providing structured electronic components. The edge of the



rear side with a front side global planarity expressed by an SBI Rmax val ue
of less than 100 nm and with a front side local 15 planarity expressed by a
PSFQR value of 35 nmor less in an edge region, an edge exclusion of 2 mm
bei ng considered in each case. The SBIRmax value is furthernore related to
a nmeasurenment field area of 26 x 33 mm and an arrangenent of the
nmeasurenment field grid with offsets of 613 and 16.5 mmin the x and y 20
directions. The SBI Rmax val ue describes the SBIR val ue of the measurenent
field with the greatest value anong all the neasurenent fields. The
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x 20 mm and an arrangenent, of the_ neasurement tieli arid wi th an offset of
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carried out as multi-wafer polishing in which a plurality of
carriers are used, each with a plurality of recesses for
semiconducter wafers. A particular feature of the first DSP
polishing is that a negative overhang is achieved, the overhang
15 being the difference DIW - D1I. between a thickness D1IW of the
semiconductor wafer after polishing has been concluded and a
thickness D1L of the carrier used for polishing the
semiconductor wafer. The overhang is preferably less than 0 um
to - 4 um, particularly preferably -0.5 to -4um, and preferably
20 from 15 um to 30 um of material is abraded from the side
surfaces overall. The effect of the first polishing step is
that the semiconductor wafer is curved concavely in a
horizontally symmetrical way, so that the SBIR values lie in an
unfavorably regarded range of more than 100 nm, and the SFQR
25 wvalues describing the local planarity, particularly the PSFQR
values of the semiconductor wafer already lie in a favorably
regarded range of 35 nm or less. The aim of the second
polishing step, which is likewise carried out as DSP polishing,
is to improve the global planarity and to preserve or likewise
30 improve the local planarity already achieved, especially that
in the edge region. A particular feature of the second DSP
polishing is that the desired effect is achieved by polishing
less than 1 pm of material overall from the two sides of the
semiconductor wafer. The averaged material abrasion lies in the

35 range of less than 1 um, preferably in a range of from 0.2 um



cl eaning steps or polishing the edge. According to the clainmed nethod the
sem conduct or wafer is polished sinultaneously on both sides in a first
polishing step, in which case in order to 10 increase the productivity, the
DSP polishing is preferably carried out as nulti-wafer polishing in which a
plurality of carriers are used, each with a plurality of recesses for

sem conduct or wafers. A particular featdre of the first DSP polishing is
that a negative overhang is achieved, the overhang 15 being the difference
D1W - Dl1L between a thickness DIWof the sem conductor wafer after
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lanarity, and in particular the PSFQR values, lie in a

favorably regarded range of 35 nm or less.

15 After the first polishing step, according to a preferred
embodiment of the invention, the semiconductor wafer's
concavity thereby achieved is determined, for example by
measuring the GBIR wvalue. The measured value is used as an
input value for calculating the duration of the second

20 polishing step, via which the material abrasion to be achieved
by the second polishing step is in turn established. In this
way, the planarity of the semiconductor wafer is further
optimized. The optimal duration D of the second polishing step
is preferably calculated according to the formula: D = (GBIR :

25 RT) + Offset, where RT is the tvpical abrasion rate in um/min
of the polishing machine being used and Offset is a correction
value which depends on the polishing process being used and

therefore needs to be determined empirically.

30 The invention will be explained in more detailil below with the

aid of figures and comparative examples.

Figure 1 schematically shows the semiconductor wafer lying
between the polishing plates at various times in the method. At

35 a time a) at the start of the first DSP polishing, the



7 toless than 1 pm The indicated upper Iimt should not be exceeded
because this would detrinentally affect the global planarity of the

sem conductor wafer. It is furthernore preferable to achieve an overhang
which is ? 0 pm the overhang 5 being the difference D2W- D2L between a

t hi ckness D2Wof the sem conductor wafer after the polishing has been
concluded and a thickness of the carrier D2L used for polishing the

sem conductor wafer. The overhang is par&icularly preferably fromO to 2
pm The effect of the second polishing step is that 10 the SBIR values lie
in a favorably regarded range of less than 100 nm and that the SFQR val ues
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i nvention w_ll _ he explglned in nore detajl below with the
10 polishing with a carrier 22, which is concluded at a time c¢).

The different effects of the first and second polishing steps
are represented in Figs 2 and 3, which show line scans along a
diameter of the semiconductor wafer. After the first polishing
15 step {(Fig. 2), the semiconductor wafer has a concave shape
which is essentially attributable to raised material in a
region which extends to about 100 mm inward. Only a slight edge
roll-off still exists at the outer edge of the FQA. The
consequence of the concavity of the semiconductor wafer is that
20 the global planarity is unsatisfactory. This changes after the
second polishing step (Fig. 3) which utilizes an initial effect
of double-sided polishing, namely that raised material
detrimentally affecting the global planarity is preferentially
removed and the local planarity in the edge region thereof

25 remainsg substantially unaffected.

Examples and comparative examples:

30 Silicon semiconductor wafers having a diameter of 300 mm were

| cut from a single crystal and respectively pretreated in the
same way by mechanical processing and etching. They were
subsequently polished in a type AC 2000 double-sided polishing
machine from Peter Wolters AG, until a negative overhang

35 (underhang) had been reached (Example E and comparative example



aid of figures and conparative exanples. Figure 1 schematically shows the
sem conduct or wafer lying between the polishing plates at various tinmes in
the nethod. At 35 atinme a) at the start of the first DSP polishing, the 8
sem conductor wafer 1 has a thickness DWwhich is greater than a thickness
DIL of the carrier 21. The sem conductor wafer is polished in the first
polishing step between an upper polishing plate 3 and a | ower polishing
plate 4 by using a particular 5 polishing pressure and supplying a polishing
agent, until a time b) is reached at which the difference between the

t hi cknesscBiVbef uhBe1pal beHee ©@ rerhicy ofcofetataRd hamptibi ckmeasgDlL of
the carrier 21 has_becone negative. The sem conductor mafer I S subsequently

subj ect edPEEMt REZEBEHNISPRP 9 EEﬁl%ﬁW%ﬁPWﬁqQFQf watersr (8$3) WREEh is

concl udedgsabsaghikA®19) subJbec & fierendefdedsy @‘oltﬂ@,mhgr sihapd ggsond
re represented in qu 2 and. 3, whi.ch show | ine scans

pol i shi ng stgg a
along a @PBRREPERdoYLFRea sROF EohtRI X ERE Mt Andeseripd #PFafipBl PEhing 15

step (Fi gmoZp, thhR 3efinCopehet ofentitd a s WeERGRV q cohapereWBiBhetted
essentially attributable to raised material_in a _region which extends to

about 100tAnFMRWBRPHLSBIY: aW%+¢¥ﬂWa%xﬁﬁﬁc¥9ﬂqd-&FﬁhsFPFPréﬁﬂsﬁgréﬁlPﬁeoguter

edge of thesEQbhadhe pmonseguesce Of e LORGHHEY e WReeFaM(EPNYHEE OF
wafer is that 20 the global planarity is unsatisfactory. This changes after

t he secoﬂiakﬁb’F%h?HBJ@F%‘ﬁd(Wga spcqpd ASRIMALIFELgn WRLERaKa8f fect  of

doubl e- si dgdc-pabbahiyRen RREEEYal Hrd A GG Ml @handet anrre@hal b¥sgifgcting
t he gl obal planarltg is preferentially renoved and the |[ocal planarity in
¥

the edfje PEGPOANRREEEOTSISUFRITY StUbFaMars IopraAgef epfeyith a type

AFS contactlessly measuring meter from ADE Corp. after the

polishing steps, are collated in the feollowing table.

Parameters for the SRBRIR and SFQR measurements:
15 FQA = 296 mm

EE = 2 mm

Parameters for the SBIR measurements:

Measurement field area = 26 mm x 33 mm

Offset of the grid field in the x direction = 13 mm
20 Offset of the grid field in the y direction = 16.5 mm

Parameters for the PSFQR measurements:

Measurement field area = 20 mm x 20 mm

Qffset of the grid field in the x direction = 10 mm

Offset of the grid field in the y direction = 10 mm

25



Exanpl es and conparative exanples: 30 silicon sem conductor wafers having a
di aneter of 300 Mmmwere cut froma single crystal and respectively
pretreated in the same way by nechani cal processing and etching. They were
subsequently polished in a type AC 2000 doubl e-si ded polishing machine from
Peter Wlters AG until a negative overhang 35 (underhang) had been reached
(Exanpl e E and conparative exanple 9 C2P or until a positive overhang
(conparative exanple C) had been reached. Sonme of the sem conductor wafers
(d) were subsequently subjected to a second DSP polishing, which was

concl udedTailR:a positive overhang and material abrasion of 5 nore than 1

um O her sem conductor wafers (C2) were subjected to CMP polishi ng whi ch
was concluded—wth—raterial—abraston—of less—+han—t+—um—the—rest—oeft he

sem conductor wdfers (E) were IiE&ﬂMGNPQiﬂﬂxmmmdtep a second DSP polii shing,
whi ch wag concl d mnth mat ef jal I as | € an.1 m results 10
of planafity meas%ljr eer%:eln S, ng%ﬁgng r{rglﬂe out S%?ﬁ“a type 5‘

cont actIPsst ne&ﬁwasngamﬁ[um] fom] ADE Cofym] af t @rlirdle pol i gHund st gps, are
col |l ated the f w ng table ar anef ers. for [th Bl R and

neasur enpit H %’\@O— ?gR aaas) E E &? r anr Igl Ig93
rreasurem=mz$.E N usrerrent fie dzariea = P26.7mgn X 3) m O‘fset af. o3lae drid
field inf[The X direction = I3 nmm,Z 20 QffSef of the grid field in they

directiop =16 9 nm_ Paraneters PGFOPHeP & Zoms o Ye ment.s: Measurengnt
field area = 20 A pedG 1M Overhang |GRIR SBIRmax PSFQR
abrasion [pm] | [um] (am] [1m] [1m]
cl 4.3 +1.0 0.76 0.43 0.060
c2 0.3 | eemem——- 0.93 0.23 0.059
E 0.72 0.56 0.111 0.08 0.035




Ofset of the grid field in the x direction = 10 nm Ofset of the grid
field in the y direction = 10 mm 25 10 Table: First polishing step

Mat erial Overhang GBI R SBI Rmax PSFQR abrasion [pm] [pm [pm [pn] [pM Cl
26.8 +1.3 0.51 0.27 0.090 C2, E 27.6 -2.7 0.78 0.19 0.034 Second polishing
step Material Overhang GBI R SBI Rmax PSFQR abrasion [pn] [pm [pm [pnl [pmM
C 4.3 +1.0 0.76 0.43 0.060 C 0.3 -------- 0.93 0.23 0.059 E 0.72 0.56
0.111 0.08 0.035 11 Patent Cdains: 1. Alpnethod for polishing a

sem conduct or wafer between an upper polishing plate and a | ower polishing
pl ate, the 5 sem conductor wafer being polished on both sides while lying in
a recess BatentaClaimsby supplying a polishing agent, conprising

doubl e- si ded polishing of the sem conductor wafer in a first polishing
step, which is concluded with a negative overhang, 10 the overhang being the
di f f er ence. bat meehod hEot hhekingsingpfa tdumi ceoadiucanduehderwaéeweandat he

{1t chness.het IO RLELEL SLLSL P ¢ TR fohishing 3hge., oD, dovl e-si ded

5 semiconductor wafer being polished on both sides while lying in
a recess of a carrier by supplying a polishing agent,
comprising
double-sided polishing of the semiconductor wafer in a first
polishing step, which is concluded with a negative owverhang,

10 the overhang being the difference between the thickness of the
semiconductor wafer and the thickness of the carrier after the
first polishing step, and
double-sided polishing of the semiconductor wafer in a second
polishing step, in which less than 1 um of material is polished

15 from the side surfaces of the semiconductor wafer.

2. The method as claimed in claim 1, wherein the first
polishing step is concluded with a negative overhang of less

than 0 um to -4um.

20
3. The method as claimed in claim 1 or claim 2, wherein from
0.2 pm to lesg than 1 um of material is polished from the side
surfaces of the semiconductor wafer in the second polishing
step.

25

4. The method as claimed in one of claims 1 to 3, wherein the
concavity of the semiconductor wafer is measured after the
first polishing step and the polishing abrasion carried in the
second polishing step is made dependent on the measured

30 concavity.

5. A silicon semiconductor wafer having a polished front side

and a polished rear side with a front side global planarity

expressed by an SBIRmax value of less than 100 nm, and with a
35 front side local planarity expressed by a PSFQR value of 35 nm



polishing step, in which less than 1 umof nmaterial is polished 15 fromthe
side surfaces of the sem conductor wafer. 2. The method as clained in claim
1, wherein the first polishing step is concluded with a negative overhang
of less than O mto -4m 20 3. The nethod as clained in claim1 or claim 2,
wherein from 0.2 pmto less than 1 pmof material is polished fromthe side
surfaces of the sem conductor wafer in tlBRe second polishing step. 25 4. The
met hod as clainmed in one of clains 1 to 3, wherein the concavity of the

sem conductor wafer is measured after the first polishing step and the

pol i shi ngoabiassoincamr eédgei negien, sec@Edyepaxicihisignsbép 2i smnadéngependent
on the neasureg 30 concaviﬁy. 5. A silicon sem conductor wafer having a

pol i shed Front %F%% And* s p%??%hed rear side with a front side gl obal
planarity expressed by an SBlI Rmax value of |ess than 100 nm and with a 35
front side lggcal planarity expressed by .a.PSEQR value of 35.nm 12 or |ess
in an edgg'rgg?oﬁgméﬁoﬁéﬁ CR% Y ??ﬂ?%ﬁc%flﬁﬁﬁbéﬁnﬁlaéghgrdgﬁgan?naeach case.
6. Thessedianatdactof Mabermasrci@ mee in claim5, having a 5 dianeter of
200 mm or 300 mm





