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1 Method for polishing a semiconductor wafer The invention relates to a

method for polishing a semiconductor wafer. 5 CMP is a single-side

polishing process that is usually used for reducing the roughness of the

front side of a semiconductor wafer. It is therefore also referred to as

mirror polishing. During the CMP, the semiconductor wafer is pressed

with the 10 side to be polished againsﬁ a rotating polishing pad by a

rotating polishing head and is smoothed in the presence of a polishing

agent supPfedorheiMGidRl +eRHPe FrofgRtaAvdity Befsing

depends, inter alia, on the pressure with which the semiconductor wafer
The 19 PIRSSEdAgaINSt ihe polishing 15pad; There i5-alsq the, possiility; of gy ot or
choosing the polishing pressure to be different in different zones, thus
ebl?ihging about a material removal which leads to a non-uniform profile if
the material removal is considered along the diameter of the
cup semigorducioewaler-Prassute. zones¢an be established with the120 aideq for
rea LPrEssUre chambers ot pressuye fings. for example. A, polishing hiead.

Lhavmqg a'Carnier which. énables SUbdivision into pressure zones is Heror
waledesclibed fn USe5916101 62 f6rexamiple FENM P Canadtbidifglyraisd Be1ng .
Durtsgdifpeinflgencingdhe geomeiryof: the semisenductorwaderdnadi th the

. target er, that i 251 meters of t ico tor
L T (o i LTl Tl D Dt S =
Lot diddigsétPfor SexatApledAUS 26020077038 4 alSo iPEsPresence of a
pol 200840305422 Iz additiondo CMPB, DSP:(doublersidepolishing) playsamncut
dur S%important part indhe pglishing of semicondugtor wafets. During. DSR. )

waf

. generally a plurality of semiconductar wafers are polished simultaneously.
W0 B DS 5 B

g DEB L SBHICGhAdCtF WaferiRsHetwasn e polshing Plakést 1 "ind
pad prévided with a pelistihg padda Bccutonty irrd carrierdiskiandés pelisheding

prefiubethisideswith the aichef in different zones, thus bringing

about a material removal which leads to a non-uniform profile
if the material removal is considered along the diameter of the
semiconductor wafer. Pressure zones can be established with the
aid of pressure chambers or pressure rings, for example. A
polishing head having a carrier which. enables subdivision into
pressure zones 1is described in US 5,916,016, for example. CMP
can acdordingly alsc be used for influencing the geometry of
the semiconductor wafer in a targeted manner, that is te say
the parameters of the semiconductor wafer which describe the
local and global flatness. CMP methods are disclosed for
example in US 2002-0077039 and also in US 2008-0305722.

In addition to CMP, DSP {double-side polishing) plays an
important part in the polishing of semiconductor wafers. During
D3P, generally a plurality of semiconductor wafers are polished
simultaneously. During D3P, a semiconductor wafer lies between
two polishing plates provided with a polishing pad in a cutout
in a carrier disk and is polished on both sides with the aid of
a polishing agent supplied. DSP has the task, in particular, of
eliminating instances of damage in the region of the surface
that have remained after shaping mechanical processing by

lapping? and/or grinding of the semiconductcr wafer. The
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35 a polishing agent supplied. DSP has the task, in particular, of
eliminating instances of damage in the region of the surface that have
remained after shaping mechanical processing by lapping? and/or
grinding of the semiconductor wafer. The 2 material removal during DSP,
with a total removal of usually 10 to 30 pm, is significantly greater than
that in the case of CMP. Therefore, DSP is often also referred to as stock
removal polishing. 5 In addition, so-called "fixed abrasive polishing" (FAP)
rmat G dfhologiEs He afteady Rnbwh; inWhichthé Seficorfitictct waferisually 10
to Jblished ba spolishing-pad tpntaining an abrasive hmaterial boaded srethet
cump Potigbing pad(“fixed-abrasive-pad"). 1A 10nofishing step inwhich-such.an, - 1

1 FAP polishing pad is used is referred to hereinafter for short as the PAP
POt Berman patent application DE 102 007 035 266 Al describes a

method for polishing a substrate composed of silicon material, 15

In LOMPrising twoe pelishing steps:ef the HAR type, which-differin thatp)

t@chd“é‘?gg%”eesp%'ksé"%%tgl%ﬁi Q?H%K‘Y'Eg %%E%'J‘,‘!aﬂ C:—Q_r?éa'é"e? i%%%"“m?ggor
abrasive material as soll aterial is introduced betwéen the si strate

wa L egh dlhelsolisRitRpat! while® dififg e Bécorerpdlshing Stepthebrasive
ma t fpelishing-agest slutrytis20replagetrhy apolishing agentselaiorwhichiis; . 2

free of salids,. The thy S L Semi r.wafer poli Ly S.
i I e g%g#%i%ﬁ%%%&@%@ﬁ e otge oo

re L e aheaVeTs 8§ Bffecttheglobal flathesstadd the B cal athBss in edge
areas. It is desirable, therefore, to limit the edge roll-off as far as possible

Geri@ihe reginn of the edge sexelusion. Duringsthesingle-side palishing pta
metk%%upg};a I rf.sl i%f 30 semlgonductor vgafers ig‘(‘egt;ngxl;e-su:ie,ba};[ch rial
holishingf; the Semiconductsrwafers afe Motn oRe side Bnfbthgr 124/

comfigrging two polishing steps of the FAP type, which differ in
that, during one polishing step, a polishing agent slurry
containing unbonded abrasive material as sgolid material is
introduced between the substrate and the polishing pad, while
during the second polishing step the polishing agent slurry is

replaced by a polishing agent solution which is free of solids.

The thickness of a semiconductor wafer polished by means of DSP
usually decreases significantly toward the edge. This edge
rell-off can adversely affect the global flatness and the local
flatness in edge areas. It is desirable, therefore, to limit
the edge roll-off as far as possible to the region of the edge

exclusion.

During the single-side polishing cf a group of a plurality of
semiconductor wafers (“single-side batch polishing”), the
semiconductor wafers are mounted by one side onto the front
side of a carrier plate by virtue of a positively locking and
force-locking connection, for example by adhesion, adhesive
bonding, cementing or vacuum applicaticn, being producsed
hetween the side and tThe carrier plate.

A method for producing an adhesive-bonding connection between a
carrier piaté and a semiconducter wafer ls described in DE 198
16 150 Al.
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side of a carrier plate by virtue of a positively locking and force-locking
connection, for example by adhesion, adhesive bonding, cementing or
vacuum application, being produced 35 between the side and the carrier
plate. A method for producing an adhesive-bonding connection between a
carrier plate and a semiconductor wafer is described in DE 198 16 150 Al.
3 All known types of adhesive- bondlné connections and fixing means
shall be noted hereinafter under the expressions "cementing" and

ALl "SRRt BR® afd A CRhSHt B i geheral iris Semitondiletof waters
meamase shaunted ontethed carrier platétin such daway: that they-tosmian s

“ ceOREERILIE ring.or apattern Of caneentrig rings. Haweyer, there are also

polishing methods in which only one respective semiconductor wafer is
mounted onto a carrier plate. The rear side of the 10 carrier plate is
In seppored by epreysureoplinger catted spulishing heathherdinafter. Alter
car¥aeuUNting, the free yvafer aSiq\ﬁﬁfar%@S%%‘g't@@x%p%gf&bﬁ@mtﬁar%ng or
A gyg?lnst a pollshln %ate over which gdpolls pé:d iS stre%che and
P po Shéd Witha polls ing agentnﬁelng supplléedr’ln IS casé, 15 fhe carrier
pol brdrerghdhelpolishirg mﬁﬁecé?eqj’s%lly’lﬁ@taféiﬁ@@@ﬁf@f@ntss%jée@@ﬂqfﬁétor
wa f f1iecessaty polishing-forcesis ctransm i;ttqdlfé@f@ th@@@“%’@g headdo m the

carfeah S'g géh%§§%%(?%%]@e£‘ £8 E!‘ Qgp m89

used eS|gne that they hav ura ity hlng hea

POl LHlidh dl%%ﬂﬁaét%?nﬁBdat%%%Rjrﬁﬁwfb?%ﬁﬁrer%ll‘ﬁe f@%hé’ﬁm@r
s ldenachire okthistypeiare dessribed in theoddcumentgUS590834 ¢afonst a

pola.eé(ﬁn}%eﬂ@atbg coy@efown%ng'%%% mk%@ngéésﬂ '%@?et&aéﬁ'%qﬁf_’ and

meth plcal local q? ometry fault occurs, the so-called "roll-off"
“‘rf%ﬁ%d‘éfe ISfPA thE Tront sTEOF thBS SalficoRBlCtor Waferatthés case:
tbehﬂﬁﬂmmaﬁh@hdé@e@@@Wﬂﬂ@ polishing plate are usually rotated

at different speeds. The necessary polishing force is
transmitted from the polishing head to the rear side of the
carrier plate. A large number of the polishing machines used
are designed such that they have a plurality of polishing heads
and can accordingly accommodate a plurality of carrier plateé.
Polishing machines of this type are described in the document
UsSbo08347, for example.

In the course of this single-side polishing (SSP) in the batch
method, a typical local geometry fault occurs, the so-called
“roll-off”. This 1s an edge roll-off at the front side of the

semiconductor wafer at the location which faces outward

~relative tc the carrier plate, that is to say which is at the

smallest distance from the edge of the carrier plate. In the
case where only one respective semiconductor wafer ig mounted
onto a carrier plate, an edge roll-cff can likewilse occur,
which, however, is not restricted to one location of the
semiconductor wafer but rather occurs over the entire

clircumference of the wafer.

According to the prior art, this gecmetry fault is minimized by
sultable conditicning cf the polishing pad in the radially

ocuter region. Such pad conditioning is described in JpP 11-
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relative to the carrier plate, that is to say which is at the smallest distance
from the edge of the carrier plate. In the 30 case where only one
respective semiconductor wafer is mounted onto acarrier plate, an edge
roll-off can likewise occur, which, however, is not restricted to one
location of the semiconductor wafer byt rather occurs over the entire
circumference of the wafer. 35 According to the prior art, this geometry
fault is minimized by suitable conditioning of the polishing pad in the
2255 80iafty owter F’é@%ﬁ’.léfuch@p“&osc%ﬁ&ﬁ?naﬁ’?ae%%e%”iﬁ%ﬁltﬁ@ edge
rol 226860, forexample: Thisymethodideesnot enalte the.edge roll-off to
be completely eliminated, however. US2003/0022495 Al proposes, for the

pose. of reducing the 5 edge roll-off, firstly polishing the rear. side of the
052 R i 1 SR S wa ot A ePIGREB BN, AGSE ¥ thae

edggurpese; hé froht sitlelis snekeds( ehucken?) opta astiffcagriertand a
semimatesiabrermoval isbrought abaut:on;dhe rearside,said matedalyemaval
ari Spé%f_er%%guimountmgrt_o 310 t% § Egrrg Afllletrwsa{%, the front g}gl@e dof (the ked”)

: Ll T h
semiconductor wafer f%opso%éhed he German a%pﬁgatisoun having the file

ontgeferéide 1020080255342, AofSredioudly piiblisHed, disclbsey fisthedout on
the fordb palishingsa semiconstittor wafern-comprisii: palishing:theseat sidezo 3

o Ofthe semiconductor wafer by meansof CMP, wherelna matgrial o yaser

‘ removal with a profife along the diameter of the semiconductor wafer is
1s Bftodd&&daccording to which the material removal is greater in a center
region of the rear side than in 20 an edge region of the rear side; and

The ROUShinG thefront side- of the.semicenductor waferdy.means of CMP,

o2 B{E0vS er ot o profle g e demeter o e 7o
polijshing a semiconductor wafer, comprising polishing the rear
gside of the semiconductor wafer by means of CMP, wherein a
material removal with a profile along the diameter of the
semiconductor wafer is produced according to which the material
removal 1s greater 1n a center region of the rear side than in
an edge region of the rear side; and poliéhing the front side
of the semiconductor wafer by means of CMP, wherein a material
removal with a profile along the diameter of the semiconductor
wafer is produced according to which the material removal is
smaller in a center region of the front side than in an edge

region ¢f the front side.

What is disadvantageous about this method is that during the

CMP polishing of the front side, the rear side of the

semiconductor wafer is CMP-polished and therefore it has a very

smooth surface, which, upon the semicomductor wafer being fixed

by its rear side on a carrier, ieads o problems in respect of
£

preventing the semiconductor wafer from floating away therefrom

during polishing.

This problem area gave rise to the stated objiect of the present

invention.

The object is achieved by means of the method according to
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smaller in a center region of the front side than in an edge 25 region of
the front side. What is disadvantageous about this method is that during
the CMP polishing of the front side, the rear side of the semiconductor
wafer is CMP-polished and therefore it has a very 30 smooth surface,
which, upon the semiconductor wafer being fixed by its rear side on a
carrier, leads to problems in respect of preventing the semiconductor
wafer from floating away therefrom during polishing. 35 This problem
clalffea gave rise to the stated object of the present invention. The object is
achieved by means of the method according to 5 claim 1. The invention

The PIONAeS forfirstly carndng oyt apolishing of jone side ysing 2 polishing. . ¢

pad comprising fixedly bonded 5 abrasives having an average particle

STZ6'6t 0°3216 in AR T ortlet 19 s8F4 dEffEd Sartace Fdﬁ@%%g%s P HHEEd

abraypelisked sighel that és higher tan thesurfate reugkness that résultsiafter an

ord&aMPpalishing, subsequently fixingthe semiganducter water by the,sides; ¢e

ha ttheit hqlsib%%nrp%ljlsahlgd in this wafya%réto Jhe qurrier 10t gla%e of a pp@shln N

"% machine, Whereini a uniform; thin ceément Tayer having at mosta thickiess: -~ 2

CMP grsuhsislised foilfixings ant Hind i subjecting thembacpslished sideder by

the the semiconductor wafer toa palishing: A 5tn assequenseer @E@QU@MQE@%
iconductar.wafer, t ‘ is preferably integrated as follows: After

o la?ﬁe@m%g%w%é% \%Qﬂ}f“nﬁo?n%%%r?ﬁéqp%%’g)%%L&Le%i%aﬁ%%ﬁﬁg o%é*tc .iﬁgefn =nt

12 Y50 bEssinY stepsfirstly an FAR KpGiishirgof tHE fioht sitfofithe fixing, and

f inessemicenductartwater @s<2hdesaribedl dboves cementing of theemiconductor

wa £ Semicondyctar,wafer by its front side on. a carrier plate and chemical

mechanical polishing ~of the rear side of the semiconductor wafer are

effected.
In a seqguence for producing a semiconductor wafer, the method

crne

is preferably integrated as follows:

After the mechanical {grinding or lapping) and chemical
(cleaning or etching) processing steps, firstly an FAP
polishing of the front side of the semiconductor wafer as
described above, cementing of the semiconductor wafer by its
front side on. a carrier plate and chemical mechanical polishing

0of the rear side of the semiconductcr wafer are effected.

Bfterward, the rear side of the semiconductor wafer is
subjected to an FA polishing and the semiconductor wafer is
cemented by its rear side on a carrier plate and, finally, the
front side of the semiconductor wafer is subjected to a

conventional CMP pelishing.

It has been found that a seguential polishing of the twe sides
of the semiconductor wafer is advantageous. The two sides of
the semiconducter wafer can be co-ordinated with one another in
a targeted manner with regard toc thelr geometry by means of
sequential polishing. The cholce of specifically shaped carrier
plates {(concave, convex, plane} for the respective polishing

step shall be mentioned here as an example.

The unfavorable edge symmetry observed in the prior art, such
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Afterward, the rear side of the semiconductor wafer is 25 subjected to an

FA polishing and the semiconductor wafer is cemented by its rear side on

a carrier plate and, finally, the front side of the semiconductor wafer is

subjected to a conventional CMP polishing. 30 it has been found that a

sequential polishing of the two sides qf the semiconductor wafer is

advantageous. The two sides of the semiconductor wafer can be

co-ordinated with one another in a targeted manner with regard to their ,
as eg‘e%mé‘tﬂﬁbﬁ’ﬂ?e@anjéoolflééjqﬁferﬁféif%ﬁgrﬁrfg‘%%eacﬁd%é&BPéﬁé’cif?(?éfK}le‘Slde
polishaped cairiér 35l platds(Contaveconves, plane).fon theyrespective (silica
so1 Polighing stepshall hesmeptioned here as 38 example.cthe.ynfayorable |

edge symmetry observed in the prior art, such 6 as e.g. the edge roll-off
formed after a customary double-side polishing with planetary kinematics,
Whatpglishing slurey: {silitee Sof SaRd EbRvehtohal polishiy pags,us therebye
pos aveidet:  Whapmayhementioned asparticularisadvaniageeustisthene
1. Bs5DIief Rerfaing a.9gomgly measuiement gfier the. fist polishing
step, e.g. of the rear Side of the semiconductor wafer, and
s em daprdpohding K dstimizig the® prestRpHcH ToF thie SBcofd polishing Step,
presgion thenfrant-10 side of the Sepiconguctor wafer; anel.correspondinghyront

s1aL0serdinating the choice of carfier-plate form therewdth, for; example. The
FA polishing step that is firstly effected makes it 15 possible to pérform a
CO‘%&&%FF&&@%HE% Gt Re Semicorductdr atersife toBe cémentetidl o7

exanheé surface polished in this way being distinguished by an extremely
homogeneous surface roughness, but in a relatively wide roughness
indow.of approximately 0.3 nm to 4.5 nm.RMS, relative to a spatial 20
e SRSt e Of Eas T of Bai s PEbpr: s Eokabnd o the
pos Gérhrartappikcativarhaving He file refetenegaing of the semiconductor

wafer site to be cemented on, the surface pclished in this way
being distinguished by an extremely homogenecus surface
roughness, but in a relatively wide roughness window of
approximately 0.2 nm to 4.5 nm RMS, relative to a spatial
wavelsength rahge of less than or egqual to 250um. This is known
from the German application having the file reference
10200903029%%.6, not previously published, to which reference is

made here.

It has been shown that, as a result of a surface roughened in
this way, the actual contact surface area between semiconductor
surface and cement film is increased and, conseguently, the
adhesion forces {(Van der Waals forces) are correspondingly

increased.

This makes 1t possible for the semiconductor wafer to be
fixedly held by means of a thin cement layer without the risk

of floating.

In the case of a purely mechanically processed rear side
surface e.g. after grinding or lapping, there would be an
increased risk of the excessively high surface roughness being

mapped onto the front side of the semiconductor wafer during



10

15

20

25

30

35

102009030295.6, not previously published, to which reference is made

here. 25 It has been shown that, as a result of a surface roughened in this

way, the actual contact surface area between semiconductor surface and

cement film is increased and, consequently, the adhesion forces (Van der

Waals forces) are correspondingly increased. 30 This makes it possible

for the semiconductor wafer to be fixedly held by means of a thin cement

layer without the risk of floating. 35 In the case of a purely mechanically
polifgdessedredr Siue Barface e’tf aftBFYffiding oF 1apPiAg théfe would e
suriacdncreasedirisk obtheweicessivelydtigh sturace seuginessieing L ishing.

mapped onto the front side of the semiconductor wafer during 7 polishing.

The FAP polishing reduces the roughness of the surface, but not to such
The I Grdat 8xiBnt as tHe BMP polihiig P The thifcemdftiay & Fave geometry
of tPositiversffectdndiie geometyy 5ofthe semicondictonwafersincether can

now SeMiconductar-wafercan newhearbelteran the preferably ggemetrically

<:arroipc~y£n iz%%&g rg%rr%l atce Sl“glf%:en%ndago ag 9 gir%l al eei'g h%yarianrce irslce ]
mpre?sed“as & FésSuitof Uheveness of the cémen ag“/gr'ifse‘ﬁ“'.i 1090 *

imp s eisle the Préceduré deScHbET RefsEar? of tbarseciaisy” beacsried tselL.
out as single-side polishing, wherein, accordingly, the wafer rear side is

ishe means of PAP a_si -side, palishing. with supply of -
e laning S . carree O o e Walet Font 608 (CAIB ool Fipe=c! *Le¢
be Grgnt 45%ide)" Itshobild 8IS b isteB thats Th-E6hjuiEtorPvith the FARALNgLY,

the paliskhing:pracessese waterxcléaning shoyldadways bé carted ratita

sinﬁt@rwmmﬁ%g%m%umg@?t POossible particle 20.6qnfamination,, ;¢
caused b%/t e roughened wafer side to be

carried out on thz wafer front side {(CMP only of the front

side) .

It should also be noted that, in conjunction with the FAP
pelishing processes, wafer cleaning should always be carried
ocut afterward in order to counteract possible particle
contamination, caused by the roughened wafer side to be
cemented on, since otherwise there is the risk of dimples being

produced.

A polishing pad containing an abrasive material bhonded in the

polishing pad (FAP pad) is used during the FAP polishing.

Suitable abrasive materials comprise for example particles of
oxides of the elements cerium, aluminum, silicon, zirconium,
and also particles of hard materials such as silicon carbide,

boron nitride and diamcond.

Particularly sultable polishing pads have a surface topography
shaped by replicated microstructures. These microstructures
{(“posts”) have, for example, the form of columns having a
cylinagrical or polygonal ézoss secticon cr the form of pyramids

or truncated pyramids.

More detailled descriptions of such polishing pads are contained
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cemented on, since otherwise there is the risk of dimples being produced.
A polishing pad containing an abrasive material bonded in the 25
polishing pad (FAP pad) is used during the FAP polishing. Suitable
abrasive materials comprise for example particles of oxides of the
elements cerium, aluminum, silicon, zirconium, and also particles of hard
materials such as silicon carbide, 30 boron nitride and diamond.
Particularly suitable polishing pads have a surface topography shaped by

in Weplicated Hicrostruefiffes THesehictostrictdres CBEsENAHERAS for

example, the form of columns having a 35 cylindrical or polygonal cross

The SE6U08 o1 e formiofPusaaits: of tncated puranis. Marsdotaled . o
escriptions or su Ol_ln pas re con | /. . .
P I R for B T8 Ll oy D (GR R AES Pt shing

padgontaifingetiupmoxigéparticles is particularly preferred; also of.
US6602117B1 and the polishing 5 pads described therein. The grain

sizes. of the FAP polishing pads used are preferably greater than or equal. -
e e har & BT S PO A o ik oo 9 eo1y
IregpAghiésdinthe PanGe of 30- 45 Ry stitins Bifesired PAP Fadskavifig L - Opm.

grain sizes of 0.5-1.0 pm are preferably used. If a low rear side

e JoHghpessin.the yange of 3:10.angstioms is Lo desired, RAPPAAS, o<t roms

. having grain sizes of 0.1-0.25 um are  preferably used, A defined surface

3 GBghTess Can theterore' B8 databiished by fieans of the PAP pbifshiriy:

pre20rAlthin cement layer amounting to 0.5 to 3.0 pm, preferably 0.5- 2.0 pm,
and especially preferably 0.5 to 1.5 pm, is applied to the carrier plate or

If éhﬁgﬁhﬁgggF%?Séﬁ?dﬁgﬁgggg in the range of 3-10 angstroms is
desired, FAP pads having grain sizes of 0.1-0.Z5 um are

preferably used.

A defined surface roughness can therefore be established by
means of the FAP polishing.

A thin cement layer amcunting to 0.5 to 3.0 pum, preferably 0.5-
2.0 pm, and especially preferably 0.5 to 1.5 um, is appiied to
the carriler plate or the polishing plate of a polishing

machine.

A method for cementing on and also sultable cementing waxes are

described in US 4316757,

By way of example, the wax MWMO070 or MWH13:5 from South Bay

Technclogy, Inc. is sultable as cementing wax [“mounting wax").

Before use, the waxes are liquefied by means of suitable

solutions.

However, a corresponding cementing scolution can also be
prepared as follows:
A maleic resin is dissolved in alcohcl. A polyvhydric alcohol is

preferably used for this purpose. A triphenylmethane dye such
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machine. 25 A method for cementing on and also suitable cementing
waxes are described in US 4316757. By way of example, the wax
MWMO070 or MWH135 from South Bay 30 Technology, Inc. is suitable as
cementing wax ('mounting wax"). Before use, the waxes are liquefied by
means of suitable solutions. 35 However, a corresponding cementing
solution can also be prepared as follo%vs: A maleic resin is dissolved in
alcohol. A polyhydric alcohol is preferably used for this purpose. A

as GREReAAMEtare-dye st &S erytdl Sitict is preterdbly Bdaed EGther
addipreferrech addiives aie ammeAETIMBENTIN THOR6 @irethoxyated

= r 1 dHdecylaleghohhaving 40 ethylene, 9xide Linifs which,can be, procured, , 1
from Dr_N. Kolb AG, Hedingen, Switzerland) and 5 ultrapure water. It has

PrOGH oo b6 adaniatRous I theCemRiig SHiak e Bvisadsty

ultofapproxiniataly 30Imhn2ts LFRe ceémenting Solttionds apphed to:a cafrierhe

cemdaterandsthe fatter is eauseditogetate for a fews secendsypreferably ford /.

10 12 sec, at 300-400 rpm, with the result that a uniform film is formed on

the carrier plate. The carrier plate with the wax solution is subsequently
The Hegted With tHerestlt that'the 288NerftCevapofates, &5 Riown ot Bjgd the
12+ t15%256,599:for example:dis The previeusiy FAR=palished side obthesly for 8-

12 Semicondugier water ispregsed, onto this cement layer. éﬁ%"i’%‘r & i1m is

other side of the semiconductor wafer is_polished by a Eo ishing head wit

Formefoihing pad beingpredséd 220 aGainsethe emitdhdctrharer Wit ax
soluotationicf polishiagtead! and potishingsplate. This potishihg carelie ahe
so1veeK remeoval single-side polishingr with stpply ofsa pelishing slury(silica. |

sol) and using a

The previously FAP-polished side of the semiconductor wafer is

pressed onto this cement layer.

Afterward, the cother side of the semiconductor wafer is
polished by a polishing head with a polishing pad being pressed
against the semiconductor wafer with rotation of polishing head

and polishing plate.

This polishing can be a stock removal single-side polishing
with supply of a pelishing siurry (silica sol) and using a
stock removal polishing pad. '

Said polishing can also be a CMP polishing using a scofter
haze-free polishing pad with supply of a polishing agent (e.g.

colleidally disperse silica sol}.

The polishing is followed by decementing and cleaning of the

semiconductor wafer as known in the prior art, e.g. by means of

15% strength formic acid or Furatron-11 and Puratron-67 from
ICE GmbE & Co. K&, Berlin, which are used in particular for

1

4]

minants {(cement residuess).

removing possible particle cont

Q
{

The FAP polishing is preferably effected in three steps. The

-

desired roughness of the FAP-pclished side of the semiconductor
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25 stock removal polishing pad. Said polishing can also be a CMP

polishing using a softer haze-free polishing pad with supply of a polishing

agent (e.g. colloidally disperse silica sol). 30 The polishing is followed by

decementing and cleaning of the semiconductor wafer as known in the

prior art, e.g. by means of 15% strength formic acid or P afro -:7 and

Pura.t on-6- from .113 - mbH & Co. KG, Berl i-., which ar . used pa- icular

Tor 35 Temovin S cossiol G,article ¢ ntaminant (em'nt v idues) The FAP
waleylishing i8 prefefally eREQR AT BireBStEFE THe Yelited rdiryHiess sl
randhe FAP-polished side of the semiconductor 10 wafer can thus be

adapted even better in a wide roughness range. in the first step, in this
__case an PAP polishing is effected 5 with supply of a polishing agent free
I Tofidd Hhéreds in tHe. Kecdndiaid fird stépds pofishiRg agenttected
witlcontaipihg abfasives lis supplied: Jetpdlishingedgent I iteeaceassis in the

secdptioduced: betwearn EAPalishing:nad and semicondugior wafgrside ta beye s

- nglistﬂe%. %n tn% éir% apg sqejgr?nd steplsd ai%oll§hineg prktlas(sjléltrseelt_)L pressure d
=2 SWith which the polisﬁiﬁg%eadgwfﬁgﬁﬁe pollsh’rnng pgd: Is pressed ‘a‘ga? §-¢
betwhesefficoriductoriialepyid 8215 pSETHIS Obeig Feéducedi®r0.5B8ipsitia be
polibBadhid step: By means obsuthsa FAR pelishing in three stepsdt isSressure

~ ible . 1. duce an average surface ro es carding to.
o et Gt Jb e er o1 3 16 e T ouers L Fange pac
1S DIPMABS gfeater tHantis HosSsbiepy Mars oMISPIOMPS Varidds Ripes 6f21s
beirppliskitigandchines afe-Suitable for cateying 260-outtthe method, such as
e.g. a 3-plate single-side polishing machine of the "reflection” type from

Applied Materials Inc. or a 2-plate polishing machine of the "Apollo” type
B iR peter Wotters or 4 pidte bolAIRg machiTe s fechfiance (BEC)7S<01e

to produce an average surface roughness R, according to Chapman
(with 250 um filter) of 2 fto 45 angstroms. This covers a range

10 times greater than i1s possible by means of DSP/CMP.

Variocus types of pelishing machines are suitable for carrying
out the method, such as e.g; a 3-plate single-side polishing
machine of the “reflection” type from Applied Materials Inc. or
a Z-plate polishing machine of the “Apollo” type from Peter
Wolters or a i-plate polishing machine of the “nHance (6EG)"

type from Strasbaugh.

fter the FAP polishing, the semiconductor wafer, on the
FAP-polished side, preferably has an average surface roughness
Ra of 0.3 to 4.2 nm, relative to spatial wavelengths of less

than or equal to 250 pm.

In the simplest case, the polishing agent sclution in the first
step of FAP polishing of the respective side, &.g. the rear

side, of the semiconductor wafer in the method according to the
invention is water, preferably deiconized water (DIW) having the

purity customary for use in the silicon industry.

Fowever, the polishing agent soliuticn can also contain

compounds such as sodium carbonate (Na,CC;), potassium carbonate
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type from Strasbaugh. 25 After the FAP polishing, the semiconductor
wafer, on the FAP-polished side, preferably has an average surface
roughness Ra of 0.3 to 4.5 nm, relative to spatial wavelengths of less
than or equal to 250 pm. 30 In the simplest case, the polishing agent
solution in the first step of FAP polishing of the respective side, e.g. the
rear side, of the semiconductor wafer in the method according to the

) _invention is water, preferably deionized water (DIW) having the 35 purit

(K2 Celiston3 iy foruderinthe siicon iRdtistry. Aoweder thd gotishing Sgeftc= ! »

ammaofutiontcariralsd centain; Cempourds suelt g Sodiuom carbonate-ox ide

(muANa2CO3) potassiym carbopate L1 (K2CQ3) sodium hydroxide (NaOH),
potassium hydroxide (KOH), ammonium hydroxide (NH40H),
tetramethylammonium hydroxide (TMAH) or any desired mixtures thereof.

The 51Fke Oe of potassium carionatd is éspesidallypreferteds e fhis case, the
pH value of the polishing agent solution preferably lies in a range of 10 to

2.and the proportion.of the state mpounds in.the polishing agent .
I OIS 10 pTerably GOLTo T0% By weidht BarGu iy Breforasly "
Prefpgehbdi0. 29685y weight “FRE polishidd agentisolafich & furthiermioré on of
the contairOnemrpmone furiheradditives forexample surfaeg-active: 1s
pre AONYES 15 éEC*E@SJ,"Eﬁ%“'B% agents.gnd 5%@%%;@?%? "%Eé%%%‘é%@s 0.01
ratective colloids, preservatives, biocides, alcohols and” complexing

to Gyehtd A PélisHity agent containing abrasives is used in the second 20

step of FAP polishing of the respective side, e.g. the rear side, of the

The SeSNcQRductorwafer. The proportion of the-abjasive,materialinithe ne or
éaoyshlng agené,. . - : .

moxr urther additives, for example surface-active additives

such as wetting agents and surfactants, stabilizers acting as

protective collcids, preservatives, bioccides, alcchols and

complexing agents.

A polishing agent containing abrasives is used in the second

step of FAP polishing of the respective side, e.g. the rear

. side, of the semiconductor wafer.

The proporticn of the abrasive material in the polishing agent
slurry is preferably 0.25 to 20% by weight, particularly
preferably 0.2 to 1% by weight.

The size distribution of the abrasive material particles is

preferably monomodal in nature.

The average particle size is 5 to 300 nm, particularly

preferably 5 to 50 nm.

The abrasive material is composed of a material that
mechanically removes the substrate material, preferably of one
or more of the oxides of the elements aluminum, cerium or

silicon.

A polishing agent slurry containing colloid-disperse silica is
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slurry is preferably 0.25 to 20% by weight, particularly 25 preferably 0.25
to 1% by weight. The size distribution of the abrasive material particles is
preferably monomodal in nature. 30 The average particle size is 5 to 300
nm, particularly preferably 5 to 50 nm. The abrasive material is composed
of a material that mechanically removes the substrate material, preferably
of one 35 or more of the oxides of thé lements aluminum, cerium or
silicon. A polishing agent slurry containing colloid-disperse silica is 12
parheriicitariy pretérréd Afdhe second step of FAP polishing of the
respective side, e.g. the rear side, in contrast to the first step, preferably
In 30 addihigs sue as sogium carbonate, (Na2C03), pols ig%we carbonate
(K2C0O3), sodium hydroxide (NaOH), potassium hydroxid H),
-9 anfrﬁﬁ%nﬂa?ﬁﬁyaﬁo%e (NHAGY, %ﬁanﬁ%%aﬁm%m% ﬁ*gfafbx.défef erably
no {HNAH)vare added. 40 However, therpalishirg ddgentslurry cantecritaimn

' car%@a@éﬂoﬁ%d‘@ﬁher@Qﬂ%@sh@?&?@?‘”@@ SN@@CQ aC?)‘é@c%@@E\é%s ﬁw}foxzude

s wetting agents and surfactants, stabilizers acting as _protective
(KO@oﬂm ;Cj%%s%ervag ?(/%soﬁqlegldegalﬁaﬁors &g c%%%l Xihg G5 A

hydmsﬁimg el cortainiag @bfasives is likewise used in the third step of
PAP polishing of the respective side, e.g. the rear side, of the

Howe%?@com%%ot Wﬂ%ﬁr % Qolishing pressure is re uacerq g{% . pSI moze

comparlson Ith secona ste S From é:(i% psI to
furiporioH of tHe brasive %@é}ﬁt% e polRhimyagem sRfyGd ves such as
wet preferally0:25 0 20%uy weight tpartiewlarly 25preferably .25 #6:1% by

pro@@%g@%e colloids, preservatives, biccides, alcchols and

complexing agents.

A polishing agent containing abrasives is likewlse used in the
third step of FAP polishing of the respective side, e.g. the

rear side, of the semlconductor wafer.

h
i‘.J.
e
n
ot

The pelishing pressure 1s reduced by comparison with the

and secdond steps from 8-15 psi to 0.5-5 psi.

The proportion of the abrasive material in the polishing agent
slurry is preferably C.25 to 20% by weight, particularly
preferably 0.25 to 1% by welght.

The size distribution ¢f the abrasive material particles is

preferably monomodal in nature.

The average particle size 1s 5 to 300 nm, particularly

preferably 5 to 50 nm.

The abrasive material is composed of a material that
mechanically removes the substrate material, preferably of one
or more of the oxides of the elements aluminum, cerium or

silicon.

A polishing agent slurry containing cellioid-disperse silica is
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The size distribution of the abrasive material particles is preferably
monomodal in nature. 30 The average patrticle size is 5 to 300 nm,
particularly preferably 5 to 50 not. The abrasive material is composed of a
material that mechanically removes the substrate material, preferably of
one 35 or more of the oxides of the eJements aluminum, cerium or
silicon. A polishing agent slurry containing colloid-disperse silica is 13
particularly preferred. In the third step of FAP polishing of the respective
partygir Side, €4 the S side, in contrast to the first step, 5 preferably no
additives such as sodium carbonate (Na2C03) potassium carbonate
n {K2CO3)nsodium hydraxige (NaOkh, pofassium, bydroxide (KQB) wafer
., ammonium hydroxide (NH40H), tetramethylammonium hydroxide (TMAH)
Sld@dre%d%édﬁfé Howeve ,l%%’p i%h%%nécgreaéglﬁﬁl gghec el ore oF *
preipard further aotithvesy for examiplé Suface astive abditives sudhrasCs) »
pot avetting agentscand surfactants, stabiizers achngas: rotegtiveicollaids; = s s 1um

_preseyrvatj biocig%s alcohals and _complexin ents. 14 Patent
hyd‘&}éﬁ% 1\.\1Ii&%ﬁr{n)e'thc§1 q?np%%h% gargérﬁfg%ngﬁgt%ﬁ%éfer having a first
tet ZHEEA S8 Side MBompristg et FAR ke d2ABradR/&S! Polishing) of the

first side of the semiconductor wafer using a polishing pad comprising

HowdYedly Q@!@??o%@ﬁ%’z‘?% having.an ;average. particle, size of 0 1:1.0.pm,, -

... application of a cement ‘layer having a thickness of at most 3 um to that
Fur ey sdflsied Fistsidé of the'Semitontducr Watét: stifiségiient - 7es such as
we t tcengentingrtGobthe semiCondactorswafsrdlyithat EAP-palished fist side

protCOMANSING 8 cement layeron.a ¢arier plate,of apolishing: 1 concls and

complexing agents.
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machine, and also a single-side chemical mechanical polishing of the
second side of the semiconductor wafer. 15 2. The method as claimed in
claim 1, wherein the chemical mechanical polishing of the second side of
the semiconductor wafer is a .MP polishing. 3. The method as claimed in
claim 1 or as claimed in claim 2, 20 wherein, before the FAP of the first
side is carried out, firstly the second ditle of the semiconductor wafer is
subjected to an FAP using a polishing pad comprising fixedly bonded

PateyhraSiv@84REving an average particle size of 0.1-1.0 pm, a cement layer

ot

having a thickness of at most 3 um is 25 applied to that FAP-polished

. aSqeang side of the semjcandugtor wafer, the semiconducto ﬁ«‘é’@@ﬁ‘iés a first

cemented by that FAP-poliShed second side on a carrier plate of a

aB&hs"hﬁ&qﬁ&@mﬁé%d GYRBmiCA HHediancal pofishiRg of tHefirst Sside

Pofl thersemiconductoewaierds carribel out. 80 4. The methodascclamgtein using
aapy, of glaims | £0,3, wherein the, &%9@@1@%9&@@&'%@&%@@@ $eeaRd ng an
side of the semlc nductor wa%erds ne each case eﬁe(it?d in threecéeps .
=3nd Yeiring Al Tﬁreeest%ﬁ% Th 8ach case using™y pSihmy pad 38 which ©men*
Leortainsaan abrasividhaterizes bohded intthetpolishingt pat fahd Whithis lished
rpressed with @@Oﬂ&mng@ﬁ@%ﬁﬂﬁ@@@t@ﬁh%é&%ﬁjd%ﬁﬁﬁ@:ﬁﬁﬂiﬁoadﬂ@tﬂﬁlng
O\ﬁ:a{%r ng ngn Atr stepap |sh|ng a{geﬁgee q[ so!jds v¥heregs

e secon steps a poli h|ng agent contalnlng abraswe

Cﬁi%l?éﬁé%@m‘?roﬂ@@@@ibeﬁﬁé@?pS%rﬁngﬁé& afd tRatside Gf thePold Shmg
msemiconduetot walferwhichiiadd be qolishecth by mednsnof FAR; sdiereinla shing

- opolishing pressyre; indhe jirst.and second.s steps of 8;15 psi is reduced to

0.5-5 psi in the third step. 5. The method as claimed in claim 4, wherein
the polishing agent solution during the first step of polishing the rear side

. Tbf method as claimed in claim 1, wherein the chemical

mechanical polishing of the second side of the semiconductor

wafer is a CMP polishing.

. The method as claimed in claim 1 or as claimed in claim 2,

wherein, before the FAP of the first side is carried cut,
firstly the second side of the semiconductor wafer is
subjected to an FAP using a polishing pad comprising fixedly
bonded abrasives having an average particle size of (0.1-1.0
pm, a cement layer having a thickness of at mest 3 ypm is
applied to that FAP-polished second side of the semiconductor
wafer; the semicenductor wafer 1ls cemented by that
FAP-polished seccond side on a carrier plate of a polishing
machine, and a chemical mechanical poiishing of the first

side of the semiconductor wafer is carried cut.

-

. The method as claimed in any of claims 1 to 3, wherein the

FAP polishing of the first or of the second side of the
semiconductor wafer is in each case effected in three steps
and during all three steps in each case using a polishing pad
which contains an abrasive material bonded in the polishing
pad and which 1s pressed with a poclishing pressure onto the
rear side of the semiconductor wafer, wherein in the first

step a polishing agent free of solids, whereas in the second
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the semiconductor wafer contains deionized water (01W). 10 6. The
method as claimed in claim 4 or 5, wherein the polishing agent solution
contains compounds such as sodium carbonate (Na2003) , potassium
carbonate (K2003), sodium hydroxide (NaOH), potassium hydroxide
(KOH), ammonium hydroxide 15 (NH4OH), tetramethylammonium
hydroxide (TMAH) or any desired mixtures thereof. 7. The method as
claimed in claim 4, wherein the polishing agent slurry in the second
2p6lishing StepcOiipriseaParicles of 20%He cranbreofithe lideséfthe
melesienis alunsinunt, ceriumeer Siiean:8. The methothag glaimed inaay of 1 de
laims, 1 in ' d.ysed far the rear side polishing
gorlmgt%l%nsgz%z C\{ngtﬁ% tt&t%d %%fa%ﬁ%@n%atgnaﬁs in t%e%‘%rr% ﬁf %akrgilcﬁlets% of 1oans
obxities of ﬂﬁé@e@werﬁs Eeridril ARniRGRS SHiESN, mﬂrce"hﬁjml BF pafticfegsecond
soEpardcmaterials such dssiliean: carbide, boran hitside and diamondi 30 step.
9. The method as claimed in any of claims 1 to 8, wherein the cement

h er ha a thickness of 0.5 to 2.0 pm. 10, The method as claimed in any
P 210 B ORI brmaAtit dr A S TR 16 18 agent

spiition during the first step of polishing the rear side of

the semiconductor wafer contains deionized water (DIW).

. The method as claimed in claim 4 or 5, wherein the peclishing

agent sclution contains compounds such as sodium carbonate
(Na,C0s3), potassium carbonate (K,COz}, sodium hydroxide
{(NaOH}, potassium hydroxide (KOH), ammonium hydroxide
(NH;OH), tetramethylammonium hydroxide (TMAH) or any desired

mixtures therecof.

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

slurry in the second polishing step comprises particles of
one or more of the oxides of the elements aluminum, cerium or

silicon.

-

. The method as claimed in any of claims 1 to 7, wherein the

pelishing pad used for the rear side pclishing contains
fixedly bonded abrasive materials in the form of particles of
oxides of the elements cerium, aluminum, silicon, zirconium,
or particles of hard materials such as silicon carbide, boron

nitride and diamond.

. The method as claimed in any of claims 1 to &, wherein the

cement layer has a thickness of 0.5 to 2.0 um.

The method as claimed in any of c¢laims 1 to 8, wherein the

cement layer has a thickness of 0.5 to 1.5 um.



