Method for the Local Polishing of a Semiconductor Wafer The invention relates to a method for locally
polishing a semiconductor wafer. 5 The semiconductor wafer is conventionally a silicon wafer, a
substrate with layer structures such as SiGe (silicon-germanium) derived from silicon, or SOI, SGOI or
GeOl wafers. These semiconductor wafers, particularly SOl and SiGe wafers, W are intended for the
most demanding of applications, in particular for the production of ultramodern microprocessors. SOI
wafers ("silicon on insulator") are generally. produced by transferring a silicon wafer from a so-called
"donor wafer" teat3ip ofidng whterdwantl ewaliashandhase wafsehidethdds fexpredfeng SOI
wafers by means of transferring a silicon wafer are known, for example, by the names Smart Cut(r)
(EP 533551 Al) or Genesis Process(r). Another method is described in WO 03/003430 A2. SOI wafers
compriseTh supporend ivaferanih 28 A dilicon deveh g ef ¢Top Rgerlar "Beviésidyed ) avhich is
connecteddg the latier @pd rgpresents the so-called active layer that is intended for the production of
electronic components. Either the complete supporting wafer consists of an electrically insulating
material such as glass or sapphire, or 25 the silicon cover layer is connected to the supporting wafer
via an el@tacallgrinsutatihgrinter|agef cfor £xampleveotisistinglof wilkoaiokideofin whithrcase the

interlayer.ig;teferred fo,asia "huried, oxide Javer BOX hthedaliercasesthessupporting wafer does

not have to be an insulator, and it 30 may for. example be a semiconductor wafer, preferably a silicon
wafer. InGREPABAATE) bESdd i thilferShbiHcRFtie bl hbovE S0P &R drihehftor)
structuregiaee alspeahventiorelly:35prbdused by meaansiefthe spamlled SIMDE ((eepatation by ion

“implantatjqn of, en’) proces the o] i d at high doses into a
siliclc?n su%gé{%iraf‘gL %ﬁ%ﬁ%ﬂo sﬁégeaculjégnt y%%%—%ég%%?% oé%?%%%%%?gnﬁ%e’ra%%es (> 1200C) in
order to GEekateud biirié@bxidRdapeida isd shitoR Substigtiamodern microprocessors.

S0I wafers ("silicon on insulator”) are generally produced by
transferring a silicon wafer from a so-called "donor wafer" to
15 a suppecriing wafer ("handle wafer™ or "base wafer™). Methods
for producing SCI wafers by means of transferring a silicon
wafer are known, for example, by the names Smart Cut®
(EP 533551 Al) or Genesis Process®. Another method is described
in WO 03/003430 A2. SOI wafers comprise a supporting wafer and
20 a silicon cover layer ("top layer" or "device layer™) which is
connected to the latter and represents the so-called active
layer that is intended for the production of electronic
components. Bither the complete supporting wafer consists of an
electrically insulating material such as glass or sapphire, or
25 the silicon cover layer is connected to the supporting wafer
via an electrically insulating interlayer, for example
consisting of silicon oxide {in which case the interlayer is
referred to as a "buried oxide layer"™, BOX}. In the latter case
the supporting wafer does not have to be an insulator, and it
30 may for example be a semiconductor wafer, preferably a silicon

wafer.

In the prior art, besides the transfer method described above,
S0I ("silicon on insulateor”™) structures are also conventionally
35 produced by means of the so-called SIMOX ("separation by ion

implantation of oxygen") process. In the SIMOX method, oxygen



5 Similarly, SIMOX and layer transfer methods are also suitable for the production of SGOI
("silicon/germanium on insulator") and/or GeOl("germanium on insulator") structures. W SiGe layers
with a high proportion of germanium, also referred tcfas virtual substrates, are employed inter alia for
the production of biaxially strained silicon. The strain of the silicon lattice leads to an increased mobility
of charge carriers, and is used in particular to make CMOS components 15 available which have
better performance than those having an unstrained silicon channel. Virtual substrates may in principle

be deposited digeetly, on & ongerystaline silican ubstrate, farexample.a silicon, 2 sgmiconductor

wafer. With this procedure, however, defects such as misfit dislocations and threading dislocations are

formed irFERFEAERBELY THPEAdihG FRIGCALBRS afid IRdiF 8ecdhulddighs TPMBFRHUESEEN to the
surface of the vitoatsubstrate-aad atso tgdhe sutface obastrainesklayer afsiiconidepasied on 25 the

virtual suggt_‘rgtg. Attgu gsCQ%e therefore been made to find a way of limiting the density of threading -
dislocations and their pile-ups: Such limitation can be achieved by initially depositing a graded SiGe

buffér layer, in which the atomic fraction of germanium increases linearly ("linear 30 grading") or in the

steps ("te/iaoe1arading” s AMRIGRlayea Yk aganstant gerpaniug captenk isdinally depgsited on the
SiGe buffer Iaﬁg{ and in the relaxed ﬁsntate forms, the virtude_ltl/substrate. 35 The semiconductor wafers

described Pere RitisP ARG EAIER thE oSt tringeft bf YA RTEIRE i erPR of il §&shetry. 3

|
and/or GeOI{"germanium on insulator"} structures.

10 5iGe layers with a high proportion of germanium, also referred
to as virtual substrates, are employed inter alia for the
production of biaxially strained silicon. The strain of the
silicon lattice leads to an increased mobility of charge
carriers, and is used in particular to make CMCS components

15 available which have better performance than those having an

unstrained silicon channel.

Virtual substrates may in principle be deposited directly on a
monocrystalline silicon substrate, for example a silicon

20 semilconductor wafer. With this procedure, however, defects such
as misfit dislocations and threading dislocatlions are formed in
large numbers. Threading dislocations and their accumulations
("pile-ups") extend to the surface of the virtual substrate and
also to the surface of a strained layer of silicon deposited on

25 the virtual substrate. Attempts have therefcre been made to
find a way of limiting the density of threading dislocations
and their pile-ups. Such limitation can be achieved by
initially depositing a graded SiGe buffer layer, in which the
atomic fraction of germanium increases linearly {("linear

3¢ grading"} or in the steps ("terrace grading"). An SiGe layer
with a constant germanium content is finally deposited on the
B8iGe buffer layer, and in the relaxed state forms the virtual

substrate.

35 The semiconductor wafers described here must also satisfy the
most stringent of requirements in terms of their geometry.



Essentially, the requirements are given by the internationally agreed "Technology Roadmap for
Semiconductors” (ITRS), which is subject to an annual review. For example the 22 nm technology,
which places increased requirements on geometry, ﬁlanarity, nanotopology etc., is currently in
development. In each case, the aim of the next technology generation (the 22 nm technology will be
followed by the 16 nm design rule) is higher switching speeds, higher clock rates and higher
integration densities of the microelectronic components. 10 The production methods have to

accommedale Ineseing eased reduramenis-sa thay alldic ualsy fablcationsleps st be adapted
by o afers

accordingly and often regllaced her, new processes. SiGe and SOT w which are expected to

become V& FRPortamSRce fitlire @¥tdE&d diton o Brastemsumtien e rfrjégg’ﬁt) inveRticTaddresses.

In the layet:saasfer methed descriiedrakoves therdanewwalel 30 emeployedhshaidd eaaventionally be
reusable.w Aftecr Se;? ga(:tg)srl aof tge ggggéwjgéer Qg:veve\é%nt Ssteé)s are f%%%d at theleagrgagxoféhe wafer which
would neeBJfo }Be eliminated before reusmgc{ﬁe warer (in order 16 transfer a Silicon WéLfeV)’. 25 In the
SiGE techadieipRIve pEiblefharisesThariheanislalsd Sice vathementsidd bf gadiero@hieh is coated
\évith h_ea\éihs{éioffﬂ_ ?@eﬂ{ﬁi%Eé%kai@%hWBﬁggﬁli?@@H%&Bﬂéﬁw('@bé%rs_z m%t%riadé%ﬁﬁsa

eposited on the si ich is not to_be coated. Thjs may even occur duripng the conyentiona
depositiofl oi’a% fﬁ\lﬁxﬁ’ﬂ% Igiyertgheaﬁaéi \Wﬁfeﬁi,‘a\%%ﬂ i ¥HiE cadé ioHLETaB HsthickEning at
the edgesPertitermdre ginany séntidonthioter eafdrshexibein contaygely oi convkxtys polishedfBrm. An
exampleJg%cqn@@¥$)§l@8@g%ﬁ%hg@n%%§etggﬂafer being thicker at the edge than in its inner

region, or at the center of the wafer. 4 In the described cases, it would be desirable to eliminate these
edg’é) steps, the undesired coating in the edge region or the undesired thickness increase in the edge
region. Sthe production methods have to accommodate these increasead

requirements, so that all the wafer fabrication steps must be

adapted accordingly and often replaced by other, new processes.

15 S5iGe and SOI wafers, which are expected to become very
important in the future, entaill additional problems which the

present invention addresses.

In the layer transfer method described above, the donor wafer
20 employed should conventionally be reusable. After separation of

the donor wafer, however, steps are found at the edge of the

wafer which would need to be eliminated before reusing the

wafer (in corxder to transfer a silicon wafer).

25 In the SiGe technology, the problem arises that there is also
SiGe on the frontside of a wafer which is coated with heavily
doped B8iGe on its backside. When depositing epitaxial lavers,
material is often also deposited on the side which is not to be
coated. This may even occur during the conﬁentionaz deposition

30 of an epitaxial 8i layer on an 8i wafer, which in this case is

observable as thickening at the edge.

Furthermore, many semiconductor wafexs exist in concavely or
convexly polished form. An example which may be mentioned here
35 1is the wafer being thicker at the edge than in its inner

region, or at the center of the wafer.



This represents the object of the present invention. The object is achieved by a method for locally
polishing one side of a semicanductor wafer, in which the semiconductor wafer 10 is pressed by
means of a rotatable polishing head with its side surface to be polished against a polishing pad lying
on a rotating polishing plate and containing firmly bound abrasive, wherein the polishing head is
provided with a resilient membrane and radially subdivided into a plurality of chambers 15 by means of
gas or liquid cushions, and the exerted polishing pressure can be selected differently for each
chamber, wherein the semiconductor wafer is held in position during this by a retainer ring which is

likewise pressed against the pglishing pad with an application pressure, wherein a polishing agent is
20 introd%éd%v%gﬁ?ﬁég§f%i&§ﬁ%§forWaf8P thL%ep %ﬁi’rﬁ%’  anfd he FohBARING pressure
exerted ohlthe semicmn duictgrsyafeha achambeelyingpiathegdye regmnaidle semicondector wafer
of the polishing,head, and theepplication piessure.of the retalner sing, atg.selgcted so that material is

25 essentially removed only at the edge of the semiconductor wafef. Basically, the semiconductor
wafefs are pressed with the aid of a "polishing head" with their side surface to be polished 30 against

the polishimg pag &fing: sarecpolishingoplate: A pdlishing heatkalse comprisesdn retainer ring”, which
encloses the substrate laterally and prevents it from sliding off the polishing head during the polishing.
Thus, in order to 35 prevent the wafer from sliding out of the polishing head because of the transverse

forces wHiglf o@EUrRFiNgSHOiSHIRG Y BtheXyafele ittt |d 9T posiien by seeh ketained rivi. These

devices age geserbed inavarioys dadets (WS6293 850 Bk 15,6083292:ER 4029633 Al kS e r

P941590) N e Ressnt P oo % P 1aneL 1Ngs A1k IKeVHSe RIS SRS YRS 1U"Ys ge

surface to be polished against a polishing pad lying on a
rotating polishing platé and containing firmly bound abrasive,
wherein the pclishing head is provided with a resilient
membrane and radially subdivided into a plurality of chambers
15 by means of gas or liquid cushions, and the exerted polishing
pressure can be selected differently for each chamber, wherein
the semiconductor wafer is held in position during this by a
retainer ring which is likewise pressed against the polishing
pad with an application pressure, wherein a polishing agent is
20 introduced between the semiconductor wafer and the polishing
pad, and the polishing pressure exerted on the semiconductor
wafer in a chamber lying in the edge region of the
semiconductor wafer of the polishing head, and the application
pressure of the retainer ring, are selected so that material is
25 essentially removed only at the edge of the semiconductor

wafer.

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

30 against the polishing pad lying on a polishing plate.

A polishing head zlso comprises a "retainer ring"”, which

encloses the substrate laterallv and prevents it from siiding

off the polishing head during the polishing. Thus, in order to
35 preveni the wafer from sliding out of the polishing head

because of the transverse forces which occur during polishing,



5 onto the polishing pad. In the polishing heads used here (carriers), the semiconductor wafer's side
surface facing away from the polishing pad bears on a resilient membrane which transmits the
polishing pressure W being exerted. The membrane Is a component of a chamber system, preferably
subdivided into five zones, which is form by a gas or liquid cushion. The pressure chambers are
preferably arranged concentrically or 15 in segmented fashion, and a particular pressure can be
applied to them independently of one another. Finally, the polishing pressure is transmitted through

resilient hearing surface ft ressuri I r ambers onto the hacksi of ortlng
plate. 20 eﬂé p‘%?glhlng p%rgssﬁg%sgp%efeﬁalgchﬁjﬁngt% ?o%tel{rﬁ'h %[1 am%e% oT&l;ﬁ femlacro%r%o ctor wafer

in a concBRffiexHelestsy HeaAS OPeencehtiedI atfarReEvEssurthadibers 3R thisway, a defined

polishing psessure gan perapplied 9 particulanyd tog wrial subregion at BE?@%QQ&OHQEhod,
semicondyctor wafer to be polished. The.carrier.contains anny lar, concentricall d pressure
chamberS I s BRI R LAY 8 1o, JUFGmthe bUEde MILIH. The ring
widtif is praferaliinéroprl ie k00 enipaahd particularly preferably from 10 to 50 mm. Preferably, the
entire surface of the holding plate is occupied by such pressure chambers. 6 The polishing of the

substrate_is carried out while supplying a polishing agent between the substrate and the polishing pad
and by rottirig heRbis Rt HeddCatPhEssslishigplaearrieTs) , the semiconductor

wafer's side surface facing away from the polishing pad bears

on a resilient membrane which transmits the polishing pressure
10 being exerted. The membrane is a component of a chamber system,

preferably subdivided into five zones, which is form by a gas

or liguid cushion.

The pressure champers are preferably arranged concentrically or
15 in segmented fashion, and a particular pressure can be applied
to them independently of one another. Finally, the polishing
pressure is transmitted through resilient bearing surfaces of
the pressurized pressure chambers onto the backside of a
supporting plate. '
20
The polishing pressure is preferably controlled over the
diameter of the semiconductor wafer in a concentric circles by
means of concentrically arranged pressure chambers. In this
way, a defined polishing pressure can be applied in particular
25 to a radial subregion at the edge of the semiconductor wafer to

be polished.

The carrier contains annular, concentrically arranged pressure
chambers with a radius respectively reduced by the'ring width,
30 from the outside inward. The ring width is prefersbly from 1 to

100 mm and particularly preferably from 10 to 50 mm.

Preferably, the entire surface of the holding plate is occupied
by such pressure chambers.
35



5 In addition, the polishing head may also be moved in translation over the polishing pad so that more
comprehensive use of the polishing pad surface is achieved. In the method according to the
invention, a polishing pad which 10 contains an abrasive substance bound in the polishing pad is used
(FAP or FA pad). Suitable abrasive substances preferably comprise particles of oxides of the elements
cerium, aluminum, silicon or zirconium, 15 or particles of hard substances such as silicon carbide,
boron nitride or diamond corresponding polishing pads are described, for example, in US 6602117 BI.

Thi pag:@*%ﬁl%fo@é%ﬁ%ﬁgb'}fg Iltﬂsé) lé?bﬁ@ﬁ@%@”&l@%%@%ﬂé@y&%f%%%a%ﬂﬂ?ﬂ%“t@éag'y
prefera - m. Particularly suitable polishi ads hav urface_topography impar y
repllcateg’ﬂpré‘rg H&uf’e%ezfﬁe% Eﬁ&%‘%trﬁggr&% (%bp §[§“) % RE ) $§gtﬁ‘§ ﬁ %olumns
with a cylindricater-polggdiad crassisdctiog drehel shapge bhm/rgnﬁdssmpgapildmstums Further

descriptions of such polishing pads are contained, for 30 example, in WO 92/13680 Al and US
2005/227590 Al. 7 Itis preferable to use multi-plate polishing machines with preferably two, more

partiéularipRASEbA Rred B&ishing-SRIECabE Belidhiy Reds. IRFOVATF R&flection multi-plate
polishingtwacisne trosnApplied Materiadd, bt ispartiedatdy W@Hiaﬁultﬁerh&b@w%Waht@ethe

invention is I3t he RRNISNING shing pad surface is achieved.

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

used (FAP or FA pad).

Suitable abrasive substances preferably comprise particles of
oxides of the elements cerium, aluminum, silicon or zirconium,

15 or particles of hard substances such as silicon carbide, boron
nitride or diamond corresponding polishing pads are described,
for example, in US 6602117 Bl.

The particle size is preferably 0.1-1.0 um, particularly
20 preferably 0.1-0.6 um and more particularly preferably 0.1-
0.25 um.

Particularly suitable polishing pads have a surface topography

imparted by replicated microstructures. These microstructures
25 ("posts™) have, for example, the shape of columns with a

cylindrical or polygonal cross section or the shape of pyramids

or pyramid frustums.

Further descriptions of such pelishing pads are contained, for
30 example, in WO 92/13680 Al and US 2005/2275%0 Al.

The method according to the invention may egqually well be

carried out on single-plate and muliti-plate polishing machines.



machine allows the pressure profile of the carrier to be W adjusted differently in different zones. This is
the case with the AMAT Reflection, which comprises a 5-zone membrane carrier with a differently
adjustable pressure profile. The invention describes Tocally limited polishing, which 15 affects only the
edge region. To this end, a 5-zone membrane carrier with a touching, non-decoupled retainer ring is
used in conjunction with a polishing pad containing firmly bound abrasive. 20 The invention also
relates to a locally acting ultrafine grinding method based on bound abrasive. The desired locally

limited removal can oply be achieved by corresponding pressutization of the,membraneg, carrier in
conjunctigJﬁ with & 53@%@%%;8&‘ %oﬁ%lfn%lpgd %%griﬁ(ﬂr% %%é%/ﬁﬁ%%ﬁ%%%&iﬁs. Ing pads such
as are udetafi OMPLFoWselfothe ilvdritivpudedd nop be Satedssiultdvenayimed setiagan

appropriaie pressuig @rofie okecarAen ddie invention makes it possible to locally polish the outer 30
edge region of the semiconductor wafer and is advantageous in particular for semiconductor wafers

with a diameter of greater than or equal to 300 mm, particularly for semiconductor wafers with a
- dianfeterWi45BMAM. HEE Jnvantion canlis irmdletre ntedl drs busto ey polishifg equigppdritett is not

necessagy 1o é_gt_'[ta:’l!isc':orfmgrqigl @QF@H&T&E@?%& Pryide. additional equipment in order to carry

out the invention. Examples A polishing machine of the AMAT Reflection type was used for 5 the
examples. As the polishing pad, a polishing pad with firmly bound cerium oxide particles was used
(particle giza®.2 pmy sWebiGewatess wiith d diaspeteeafl 360 mmatvkisl hadledgeisigps, were
processed agog%ingﬂ(t}he iny rétion The foIIow'%ngf%ngi hicr}g Rarameters are sgi(%a%lg for achieving

: §ac T wF T es%uﬁe 8 € Carfier
increased material removal at the edge of the semiconductor
10 adjusted differently in different zones. This is the case with

the AMAT Reflection, which comprises a 5-zone membrane carrier

with a differently adjustable pressure profile.

The invention describes locally limited polishing, which

15 affects only the edge region. To this end, a 5-zone membrane
carrier with a touching, non-decoupled retainer ring is used in
conjunction with a polishing pad containing firmly bound

abrasive. -

20 The inventicon also relates to a locally acting ultrafine
grinding method based on bound abrasive. The desired locally
limited removal can only be achieved by corresponding
pressurization of the membrane carrier in conijunction with a
very hard FAP pad (polishing pad or grinding pad). With soft

25 polishing pads such as are used in CMP, conversely, the
invention would not be successful evén when setting an

appropriate pressure prcfile of the carrier.

The invention makes it possible to locally polish the outer

30 edge region of the semiconductor wafer and is advantageous in
particular for semiconductor wafers with a diameter of greater
than or equal to 300 mm, particularly for semicenductor wafers
with a diameter of 450 mm. The invention can be implemented on
customary polishing equipment. It is not necessary to refit

35 commercial polishing machines or provide additional equipment

in order to carry out the invention.



15 wafer, for example so as to remove edge steps: Example 1: Polishing agent: alkaline solution
K2003 0.2 wt.%; 20 Volume flow rate of the polishing agent: 0.5 1/min; Plate rotation speed: 119 rpm;
Carrier rotation speed: 123 rpm; Retainer ring applic8tion pressure: 0.8 psi;  Pressure profile of
membrane zones 1 to 5: 0.I--0.1--0.1--0.1-255 [psi] Example 2: Polishing agent: alkaline solution
1(2003 0.2 wt.'s; 30 Volume flow rate of the polishing agent: 0.5 1/min; Plate rotation speed: 119 rpm;
Carrier rotation speed: 123 rpm; Retainer ring application pressure: 4.7 psi; Pressure profile of

. membrane zones 1 to 5: 1--2--2--2--6 [psi]

Examples

A pelishing machine of the AMAT Reflection type was used for

5 the examples.

As the polishing pad, a polishing pad with firmly bound cerium

oxide particles was used (particle size 0.2 pm).

10 SiGe wafers with a diameter of 300 mm, which had edge steps,

were processed according to the invention.

The following polishing parameters are suitable for zchieving
increased material removal at the edge of the semiconductor

15 wafer, for example so as to remove edge steps:
Example 1:

Polishing agent: alkaline solution K;COs 0.2 wt.%;
20 Volume flow rate of the polishing agent: 0.5 1/min;

Plate rotation speed: 119 rpm;

Carrier rotation speed: 123 rpm:

Retainer ring application pressure: 0.8 psi;

Pressure profile of membrane zones 1 to 5: 0.1--0.1--0.1~-G.1-—
25 5 [psi]

Example 2:

Pelishing agent: alkaline sclutlion X;C0; 0.2 wt.%;
30 Volume flow rate of the polishing agent: 0.5 1/min;
Plate rotation speed: 119 rpm;
Carrier rotation speed: 123 rpm;
Retainer ring application pressure: 4.7 psi;
Pressure profile of membrane zones 1 to 5: 1=-2--2--2--6 [psi]

35



Example 3: Polishing agent: alkaline solution K2003 0.2 wt.%; Volume flow rate of the polishing
agent: 0.5 1/min; 5 Plate rotation speed: 119 rpm; Carrier rotation speed: 123 rpm; Retainer ring
application pressure: 6.1 psi; Pressure profile of membrane zones 1 to 5: 1.5--2--3-3--3.5 [psi] 10
Zones 1 to 5 correspond to concentric rings from the inside outward: Zone 1 = innermost zone, zone 5
outer zone (edge region). 15 The retainer ring application pressure is preferably 0.5-10 psi in the
method according to the invention. The pressure in chamber 5 (zone 5) is preferably always higher
than in zones 1 to 4 in the method according to the invention. 20 In all three examples, the same
polishing &58RFARI the same volume flow rate of the polishing agent were used. A low retainer
application pressure of 0.8 psi was selected in 25 Example 1, while, at 5 psi, the polishing pressure in

zone 5 oflglge‘sL EQHE g;%s)#%%%cgsug%%ggi@%c giggggg@rg&%gn%s: 1t04. %I'Examples 2 and 3 use a

higher retainer appli but a less pronouncedpressure difference between zone 5
and the folp e Zokel. rEkEmPlesTEn®3lésd id-WesHnBhcuicet, $HBrhaterial removal at the

outermostedge ot thessemigongeeiar wafes, whieh 35 is made wider than in Example 1.
Carrier rotation speed: 123 rpm; A
Retainer ring application pressure: €.l psi;

Pressure profile of membrane zones 1 to 5: 1.5--2--3-3--3.5

[psi]

10
Zones l.to 5 correspond to concentric rings from the inside
outward: Zone 1 = innermost zone, zone 5 outer zone {edge
region}.

15 The retainer ring application pressure is preferably 0.5-10 psi

in the method according to the invention.

The pressure in chamber 5 (zone 5) is preferably always higher
than in zones 1 to 4 in the method according to the invention.
20
- In all three examples, the same polishing agent and the same

volume flow rate of the polishing agent were used.

A low retainer application pressure of 0.8 psi was selected in

25 Example 1, while, at 5 psi, the polishing pressure in zone 5 of
the carrier was selected to be much higher than in zones 1 to
4.

Examples 2 and 3 use a higher retainer application pressure,
30 but a less pronounced pressure difference between zone 5 and

the four inner zones.

Examples 2 and 3 lead to very pronounced, sharp material
removal at the ocutermost edge of the semiconductor wafer, which

35 is made wider than in Example 1.



10 If material is intended to be removed only at the outer edge of the semiconductor wafer, then a low
retainer ring application pressure of less than or equal to 1.5 psi is preferred in combination with a
polishing pressure in zone 5 increased significantly relative to the inner zones. If the material removal
is intended to be made wider, i.e. to cover a larger region of the wafer edge, then the selection of a
high retainer pressure of greater than or equal to 4 psi is 10 preferred. All the SiGe wafers polished
according to Examples 1 to 3, which previously had edge steps, were free from edge steps after

carrying qut the sthad. %%TEQWQQHW%@S%%QHC%Wf%§ whigh Wﬁﬁ%ﬁ‘i@@rﬁ@t&&e edge
than at the center qf the wafer. Silicon wafers often exist in such a form after DSP. 20 It was possible

to show thaFs R WSETSELT BE platstised GISBRIR by Hei5&A ToRthing o sBRRvE Bbishing
accordingtetheuneentibn] aith stivangeo matenis Yemoval.dt the edie thare ettheecknier of the wafer.

25 The inveptian, can Mhergiarg agvantagequsly bs.anpligd Lo sllicon yafers; piGe walers and SOI

wafers. The invention is not however restricted thereto, and may also be used for local selective
polishing ¥ P i EMMEd I Jetdr2¥0-WafdrS féRhithI6dallgHh&8ased material removal is desired.
Lastly, it should be mentioned that selective material removal at the edge is described and claimed

here. Thgt't‘“’%ﬂte'o?na a%rﬁo‘gtevféz%%gaﬁe J‘f’ée‘;'{é@z'laﬁ%’ém locaLpoliching, jn e inner 35 zgnes of the
semiconditictor wafer, should the need for this rise in the future. :
cover a larger region of the wafer edge, then the selection of
a high retainer pressure of greater than or equal to 4 psi is

10 preferred.

All the 8iGe wafers polished according to Examples 1 to 3,
which previocusly had edge steps, were free from edge steps
after carrying out the method.

15
The invention was tested on silicon wafers which were thicker
at the edge than at the center of the wafer. Silicon wafers

often exist in such a form after DSPE.

20 It was possible to show that such wafers can be planarised
globally by the local polishing or selective polishing
according to the invention, with stronger material removal at

the edge than at the center of the wafer.

25 The invention can therefore advantageously be applied to

silicon wafers, SiGe wafers and S0I wafers.

The invention i1s not however restricted thereto, and may also
be used for local selective polishing of other semiconductor

30 - wafers for which locally increased material removal is desired.

Lastly, it should be mentioned that selective material removal

at the edge is described and claimed here. The invention may

however also be used similarly for local polishing in the inner
35 zones of the semiconductor wafer, should the need for this rise

in the future.



Patent Claims: 1.A method for locally polishing one side of a semiconductor 5Swafer, in which the
semiconductor wafer is pressed by means of a rotataple polishing head with its side surface to be
polished against a polishing pad lying on a rotating polishing plate and containing firmly bound
abrasive, wherein the polishing head is provided with a resilient membrane and radially subdivided into
a plurality of chambers by means of gas or liquid cushions, and the exerted polishing pressure can be
selected differently for each chamber, wherein the semiconductor wafer is held in position during this
by a retainer ring which is likewise pressed against the polishing pad with an application pressure,
wherein %Q@gﬁ]@%i%eﬂsls introduced between the semiconductor wafer and the polishing pad, and
the polishing presstire €xerted on the semiconductor wafer in a chamber lying in the edge region of the
semiconductor 20wafer of the polishing head, and the application pressure of the retainer ring, are

selected g0 thatngledglis epsentiallyrempved onbatihe sdgeafdhe semicandyetos ywaler zo 2. The

method as claimed in claim 1, wherein the polishing agent is an agueous solution of the compounds

sodidm carbonaté@ 852009, pRasSubPearbBRiey OF SHBatAT hydroRicRSREDIY potassium
hydroxide (KOHpsamsonilna hydroxdids (NHAO H) steframetiadaimmiariiun thy decxite ElAE)©r 30any
mixtures thereof. 3.The o) claimed in clai rein t H,Qf olishi

solution is from f&%(-)gt% ggé%ﬁqa%tﬁie %c?gc%%n %f?ﬁé%%%{?b% %afn t elpgis%fggéage%%%g%%g tion is
from 0.01 to 10 #®34-S12 29 TRé HEthdlhsCQaRfskNaBheldfEith P8, whardfiife polishing pad

used contains akrasivei subshangesiselectad fiosx padicles-efwxites ofthe elements tesym,
muqﬂnunnsnmqgéggggggugkéﬂ §£Q§ii§fg%ﬁi§HPf é]efﬁ%gha plurality of
chambers by means of gas or liguid cushions, and the
exerted polishing pressure can be selected differently for
each chamber, wherein the semiconductor wafer is held in
position during this by a retainer ring which is likewise
15 pressed against the polishing pad with an application
pressure, wherein a polishing agent is introduced between
the semiconductor wafer and the polishing pad, and the
polishing pressure exerted on the semiconductor wafer in a
chamber lying in the edge region of the semiconductor
20 wafer of the polishing head, and the application pressure
of the retainer ring, are selected so that material is
@sé@ntially removed only at the edge of the semiconductor

wafer.

25 2. The method as claimed in claim 1, wherein the polishing
agent is an agueous solution of the compaunds sodium
carbonate (Na,C03), potassium carbonate (K;CO3), sodium
hydroxide (NaOH), potassium hydroxide (KOH), ammonium
hydroxide {NH40H), tetramethylammonium hydroxide (TMAH} or

30 any mixtures thereof.

3. The method as claimed in claim 2, wherein the pH of the
polishing agent solution is from 11.0 to 12.5 and the
proportion of said compounds in the polishing agent

35 solution is from G.01 to 10 wt.%.



5as silicon carbide, boron nitride or diamond. 5. The method as claimed in one of claims 1 to 4,
wherein the polishing pad contains abrasive with a patrticle size of 0.1-1.0 pm. 10 6. The method as
claimed in claim 5, wherein the polishing pad contai$ abrasive with a particle size of 0.1-0.6 pm. 7.
The method as claimed in claim 6, wherein the polishing pad contains abrasive with a particle size of
0.1-0.25 8. The method as claimed in one of claims 1 to 7, wherein retainer ring application pressure is
0.5-10 psi. 20 9.The method as claimed in one of claims 1 to 8, wherein pressure in the outer chamber

s igher ghan ihepressurs I theJnaer chamber, 19, The methad as claimed n one of daims Lo 9,
wherein thé 25semiconductor wateris a monocrystalline silicon wafer or a wafer comprising an SiGe
|awy,wnha(ﬂa@@ﬁﬁiﬁg@grﬁ@ﬁyﬂﬁ@ﬂicontains ebrasive substances selected

from particles of oxides of the elements cerium, aluminum,
silicon or zirconium, or particles of hard substances such

5 as silicon carbide, boron nitride or diamond.

5. The method as claimed in one of claims 1 to 4, wherein the
polishing pad contains abrasive with a particle size of
0.1-1.0 um.

10
6. The method as claimed in claim 5, wherein the polishing

pad contains abrasive with a particle size of 0.1-0.6 um.

7. The method as claimed in claim 6, wherein the polishing
15 pad contains abrasive with a particle size of 0.1-0.25 um.

8. The method as c¢laimed in one of c¢laims 1 to 7, wherein

retainer ring application pressure is 0.5-~10 psi.

20 5. Thie method as claimed in one of claims 1 %o 8, wherein
pressure in the outer chamber is higher than the pressure

in the innsr chamber.

10. The method a2s claimed in one of claims 1 to 9, wherein the
25 semiconductor wafer is a monocrystalline silicon wafer or
a wafer comprising an SiGe laver, with a diameter of

300 mm or more.



