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

- semiconductor wafer. 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 against a rotating
polishing pad by a rotating polishing head and is snoothed in the presence of a polishing agent
supplied. The material removal brought about during polishing depends, inter alia, on the pressure with
which the semiconduct¥e st i§ preRedirfing the pelisinrpdsphdr THafer also the possibility of
choosing the polishing pressure to be different in different zones, thus bringing about a material
removal Wgéchilggd%ggg\ﬁn%n-ugij()gr@ Erc)ofiée gég%gncgtgri@l removal is considered along the diameter
of the semiconductor water. Préssure zones can be established with the 20 aid ot presetre thambers
or press&fr@frﬁfgs, for example. A polishing head having a carrier which enables subdivision into
pressure zones is described in US 5,916,016, for example. CMP can accordingly also be used for

influenci  gegmetry of th [ uctor wafer i rgeted. manner, that.is to say. 25 the
parametg%%%%e%eﬁggﬂéugtc?rg v%]a%gcrp\i/jv %ol élégcgrlgb%%%osaﬂ Eé%dlgioﬁlaél%ﬁgﬁ%gssfl %ﬁP ‘Méthods
are discl6&&tHforEkamisie iR U8 2662007763% and @lko HIIS 2068203057220 THIAdUIEEN to CMP,

DSP (doubt&sside polishing): plays @n<3G:insportant partio the pekshing of semiconductor wafers.
During DS, generally aplurality of semjcondyctor wafers-are e%isggg éé@g:t%&%%‘l%@uﬂ”g DSP, a

semiconductor wafer lies between two polishing plates provided with a polishing pad in a cutout in a

f

carter disk&ndS8 pofishad ofi5oth SRS With theF&ilof 2 5bliRRhg Hyett stppliet, ISP has the task,
in particuiat; of elimimatingsinstances of damagesn the redien of thecsurfacesthat have femained after

shaping mechanical proesssingy-lapring -and/argrinding of thesemiconductor wafer, The
during polishing depends, inter alia, on the pressure with
which the semiconductor wafer is pressed against the polishing

15 pad. There is also the possibility of choosing the polishing

. pressure to be different in different zones, thus bringing

about & material removal which leads f¢ a non-uniform profile
if the material removal ig considered along the diameter of the
semiconductor wafer. Pressure zones can be established with the

20 ald of pressure chambers or pressure rings, for example. A
pclishing head having a carrier which enables subdivision into
pressure zones 1is described in US 5,916,016, for example. CMP
can acéordingly also be used for influencing the gsometry of
the semiconductor wafer in a targeted manner, that is to say

25 the parameters of the semiconductor wafer which describe the
local and'global flatness. CMP methods are disclosed for
example in US 2002-0077038 and also in US 2008-0305722.

In addition to CMP, DSP (double-side polishing) plays an

30 important part in the polishing of semiconductor wafers. During
DSP, generally & plurality of semiconductor wafers are polished
simultanecusly. During DSP, a semiconductor wafer lies between
two polishing plates provided with a polishing pad in a cutout

in a carrier disk and is pclished on both sides with the aid of

(%]
th

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/ocr grinding of the semiconductor wafer. The



material removal during DSP, with a total removal of usually 10 to 30 um, 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) technologies are already known, in which the
semiconductor wafer is polished on a polishing pad_containing an abrasive material bonded in the
polishing pad (“fixed-abrasive pad"). A 10 polishing:)step in which such an PAP polishing pad is used is
referred to hereinafter for short as the FAP step. German patent application DE 102 007 035 266 Al
describeBa-metiod forolishing arsubstraté compbSed of Sifiéon HilieTall 15 Eolhpiisihetwid’ polishing
steps of the BAP.fypeiwhichgifferindhat dutingonepotishingsten, a polishing-agentsturry

containing,unbaded.ahiagive material gs solid material jsinttpdyced bewween the sustiate and the

polishing pad, while during the second polishing step the polishing agent’sltrry is 20 replaced by a
polishingPaderit'stiidtion which is free of solids. The thickness of a semiconductor wafer polished by
means of DSIP usually decreases significantly toward the edge. This edge roll-off can adversely affect

the globalflajness.and thedlocal:25 laness in.dge, ateas, L ip desicallle ineraioes, to limit the edge
roll-off as far as possible to the region of the edge exclusion. During the single-side polishing of a
group of EPFHlity 8186 séhiicohdtaist varerd fsingle-&ide Batch polfsHihg™§ tHE Sefficonductor
wafers ave: frrounted by bhelside ontoathediiont sidegofa carvier plate by wirtue eba poasitiwely locking
and forcﬁ:é%mﬁo@l%@@&’ for example by adhesion,adhesive: banding ,cementing o vaguum
application, bem%grodu_ced , . i _ e _ ‘

10 polishing step in which such an FAP polishing pad is used is

referred to hereinafter for short as the FAP step.

German patent application DE 102 007 (035 269 Al describes a
method for polishing a substrate composed ¢f silicon material,
15 comprising two polishing steps of the FAP type, which differ in
that, during one polishing step, a polishing agent slurry
containing unbonded abrasive materilial as sclid material is
~introduced between the substrate and the polishing pad, while
during the second polishing step the polishing agent slurry is

200 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
roll-off can adversely affect the global flatness and the local
25 flatnesz in edge aieas. It is desirable, therefore, to limit
the edge roll-off as far as pessible to the region of the edge

exclusion.

During the single-side polishing of a group of z plurality of

A\

LI

30 semiconductor wafers (“single-side batch pelishing”), 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 application, being produced

35  between the side and the carrier plate.

A method for producing an adhesive-bonding connection between 2
carrier piaté and a semiconductor wafer is described in DE 198
16 150 Al.



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-bonding connections and fixing means shall be noted hereinafter under the
expressions "cementing” and "cementing on" and also "cement”. In general, the semiconductor wafers
are mounted onto the carrier plate in such a way that they form a concentric ring or a pattern of
concentric rings. However, there are also polishing methods in which only one respective
semicondbeto Wafér i§ YhGunted Gt ascarferplatel TheGearn Sidel 6Mthe A0 ki plate is supported
by a pressiire plunger; called palishing: head hereinaftercAftermounting.cbe freeswafer sides are

pressed \vxgg}nggpggf'c, pggﬁin% %%ggﬂqy%@poéigging}pégte,\ gégyewlgich a polishing pad is
age ied.

stretched, and polishéd with a polishing agent being supp Inthis case, 15 the carrier plate and the
polishing plate are usually rotated at different speeds. The necessary polishing force is transmitted
frons thepolishing:hehd tolthe sear: sidedf thescamief plate.2A targe numtaeraf the pbkshing machines

used are designed such that they have, a,plurality.of polishing heads .2().and can.accordingly,

accommodate a plurality of carrier plqtes.vl?ollshin machines of this type are described in the
documefit BS55G834 72 foERArRpIET HT the St Fse PN Sihgle=5BEAtiSRing (8%P) in the batch

polishing methods in which only one respective semiconductor
wafar 1s mounted onto a carrier plate. The rear Side of the

16  carrier plate is suppcrted by a pressure plunger, called
polishing head hereinafter. After mounting, the free wafer
sides are pressed with a specific polishing force against a
polishing plate, over which a polishing pad 1s stretched, and
polished with a polishing agent being supplied. In this case,

15 the carrier plate and the peolishing plate are usually rotated
at different speeds. The necessary pclishing force is
transmitted from the polishing head to.th@ rear =ide of the
carrier plate. A large number of the polishing machines used
are designed such that they have a plurality of polishing heads

200 and can accordingly accommodate a plurality of carrier plateé.
Polishing machines of this type are described in the document
Ush%08347, for example.

In the course of this single-side polishing (SSP) in the batci
25 method, a typical local gesomeiry fault occurs, the so-called
“roll-off”. This is an edge roll-off at the front side of the
semiconductor wafer at the location which faces outward
S relative to the carrier plate, that is to say which i1s at the
smallest distance from the =dge of the carrier plate. In the
30 case where only one respective semiconductor wafer is mounted
onto a carrier plate, an edges roll-off can likewise occcur,
which, however, is not restricted to one location of the
semiconductor wafer but rather occurs over the entire

clrcumference of the wafer.

According to the prior art, this geometry fault is minimized by
suitable conditioning of the polishing pad in the radially

outer region. Such pad conditicening is described in JP 11~



25 method, a typical local geometry fault occurs, the so-called "roll-off". This is an edge roll-off at the
front side of the semiconductor wafer at the location which faces outward 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 a carrier plate, an edge roll-off can likewise
occur, which, however, is not restricted to one locatién of the semiconductor wafer but rather occurs
over the entire circumference of the wafer. 35 According to the prior art, this geometry fault is
minimize@ by StitaBle conditiorng o6& thelpolshimg-Fartindhe sadially enter YegiohzSech: pad

conditioningyis deseribed inJR Uz 4 226860 A; forexample. This method does not enable the edge
roll-off to be completely ellmlnateg however. 0S2003/0022495 Al proposes, for the purpose of

reducing the 5 edge roll-off, firstly polishing the rear side of the semiconductor wafer in such a way that
a referenté plahe/drises4 For Hhis pumoses the front side iscsucked € chiicked!) ohtg atstiff carrier and

a majerial rerpoval is brought abggt:@g}t%raag@%g sa}gﬂemategrial remaval preferably amounting to 3
10 to 8 pm. Afterward trhe front ide of the semicon ucto Wafer |s§ Ilshed The,German application
having thé fife" r:e?eren% “1162‘6%‘8845534 2 Hot prewotﬁsly publlshe Jiscioses %e‘fhods for polishing a

semrconcﬁrﬂ@tcﬁ‘@r@afeﬁ,@onﬁbﬁsﬁn@pé%ﬁﬁg the fea¥ Siletofihd semtficanbtictsr wafer by means of

CMP, whetein aqnateriakremeval with.a prefile atong:the diametes pf the eemis@ﬁ@uswdswafeﬁis
produced accordlngto hICh the materlal remgval IS greapter in a,centeﬁregaon of the rear S|c§e than in
prerexra I‘“OLL L
10 to 8 um. Afterward, the front szide of the semiconductor wafer

is polished.

The German amplication having The file refesrence
102008045534.2, not previously published, disclosss methods for
15 polishing a semiconductor waier, comprising polishing the rear
side of the semiconductor wafer by means of CMP, wherein =z
material removal with a profile along the diameter of the
semiconducter wafer is produced according to which the material
removal 13 greater in a center region of the rear side than in
20 an edge region of the rear side; and peolishing the fronit side
of the semiconductor wafer by means of CMP, wherein a material
removal with a proiile aiong 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 =dge

25 region of the front side.

What 1s disadvantageous about this method 1s 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 area gave rise to the stated object ¢f the present

invention.



20 an edge region of the rear side; and polishing 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 removalas smaller in a center region of the front side than in
an edge 75 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 wafer is CMP-polished and therefare it has a very 30
smooth sfftaeESiich "Gpofithe & fitondictor WafePhE T fixed BYSTE Fé4t side"6i & carfier, leads to
problemsgnaespedt of prevéntingttive semicontugtor weder fromifloating awyrthesefiom during
polishing.¢ 4aAccording fo ap aspectofdbe presentinvention,thesgds preyided amethad for polishing

a semiconductor wafer having a first and a second side, comprising an FAP (Fixed Abrasive Polishing)
of the firsFSidesBf-THE séthicorduéidrivaret Wirfifa pofisiiRg i dontstising fixedlyBoiet abrasives
having ancaveragenparticle sizemi0i::ng prh; appligation:ofadcemtent dayeshaving aghickness of at
most 3 pm o that FAP:palished first sidgof ghe sericonductr wafer, subsegent cementing of the
semiconductor wafer %yt at FAP-polished first side comprising a cement layer on a carrier plate of a
polishing hiERiné2ardAIsd a-singlelsffe (Henfitaltigehahicdl poRshifg of e s@EdRERTe of the
semicondgcierwafede The inentioanirevidrs-tanfirsthreartyincost apalishingnefongsideusing a
polishing pad comprising fixedly bonded abrasives, having.an avera rticle size of 0,1-1.0 um, in
order to s@%% de?i%%%jcgugr gg%?'y(gugh‘ﬁae%s%rof t%g pol?ﬁw%cd si(Pf}eﬂ_tTlg'EJ Fél%%%%r thlrgnrt te susrf-L;(L:(l:ee roughness
that resulE BRER &1CNPHolisHifgT subd&tftiestdly fikingahe semiddiddctdtiwader By thelsiae that has
been poligshed imihisway antxthe camier dOsplate oh amp@lishing Maehing: Whsreisra shifeem, thin
cement Iaélgr hsavcirg%%: mast %Ehicggeggrg Bom '%gggd foartpédng, and finally subjecting the
non-polishe8 side of thé semiconductor wafer to a poﬁsﬁlng.]fLS In a sequence for producing a
semiconductor wafer, the method is preferably integrated as follows: After the mechanical (grinding or
lapping) and chemical (cleaning or etching) processing steps, firstly an PAP polishing of the front side
of the semiconductor wafer as '



20 described above, cementing of the semiconductor wafer by its front side on., a carrier plate and
chemical mechanical polishing of the rear side of the semiconductor wafer are effected. Afterward, 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 polishing. 30 It has been found that a sequential polishing of the two
sides of 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 geometry by means of
sequential polishing. The choice of specifically shaped carrier 35 plates .(concave, convex, plane) for
the respective polishing step shall be mentioned here as an example. 6 as e.g. the edge roll-off
formed after aicustornanndeuhlesides pdlishing with planetary:kinegmatics, patishingtsiurgy (silica sol),
and conventiopal,polishing pads, s theyeby ayaigled ,p V¥hat:may @maﬂgp%@%eamcu'aﬂy
e

advantageous is the possibility of performing a geometry measirement a:f r the first polishing step,

e.g. Of the't6aP st oftAE Sefiédhduttdriarer “dnd-Corfesporaingly Optimiziry tHe prelcription for

the second pelishing step ze.g=dn theifrentrtG: skle i thé semicontluctor wafer, smelicoriespondingly
co-ordinating, the chojce. of carrier, plate farm therewith, for.exanaple., The FA polishing step that is

firstly effected makes it _ . . .
CMP polishing, subseguently fixing the semiconductor wafisr by

the side that has been pcolished in this way onto the carrier

10 late of a polishing machine, wherein a uniform, thin cement

ie;

layer having at most a thickness of 3pm is used for fixing, and
finally subjecting the non-pclished side of the semiconductor

wafer tc a polishing.

15 In é sequence for producing a semiconductor wafer, the method

| iz 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

20 described above, cementing cf the semiconductor wafer by its
front side on, a carrier plate and chemical mechanicel polishing

of the rear side of the semiconductor wafer are effected.

Afterward, the rear side of the semiconductor waler is

b2
th

subjected to an FR polishing and the semlconductor w
cemented by 1its rear side on a carrier plate and, finally, the
front side of the semiconductor wafer is subtected to &

conventicnal CMP polishing.

30 It has been found that a seguential polishing of the two sides
of the semiconducter wafer is advantageous. The two sides of
the semiconducter wafer can be co=-ordinated with one another in

targeted manner with regard to their geometry by means of

4

ntial polishing. The choice of specifically shaped carrier
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(concave, convex, plane) for the respective polishing
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step shall be mentioned here as an example.

The unfavorable edge symmetry observed in the prior art, such



15 possible to perform a type of roughening of the semiconductor wafer site to be cemented on the
surface polished in this way being distinguished by an extremely homogeneous surface roughness,
but in a relatively wide roughness window of approximately 0.3 nm to 4.5 nm RMS, relative to a spatial
wavelength range of less than or equal to 250um. This is known from the German application having
the file reference 102009030295.6, not previously published, to which reference is made here. 25 It
has been shown that, as a result of a surface roughéned in this way, the actual contact surface area
between semiconductor surface and cement film is increased and, consequently, the adhesion forces
(Van der ¥Ve4ls JorcEsPaftcstréspontlingly fricFBaseds 80 Thisniakes Apossisie frithe side
semicondugctarswates te betfixedyrheld by meass ot thin cement layes witheut the (iski affloating. 35

In the case,of a Puely madhanically processed ear side surface e, after grinding grlapping, there
would bean increased risk of the excessively high surface roughness éingJ mapped onto the front
side of the semiconductor wafer during 7 polishing. The FRP polishing reduces the roughness of the

surface, bittaiot:ta gubh angreat.extent as the: EMP: palishing. Fdvesthinzcement layers-kave a positive
effect on the.geometry > ofthg semiconductor wafer.since the.semiconductorwafer.can now bear

better on the preferably geom‘etrlcally optimized carrier plate surface and no additional height variance

is impresSed as #resuft ot URederEss 6fthe &ment fayer tSelf \WWAnGrincife, the procedure
described hereccart wf tourse;: adso, be cdrrietrogt=ascsingle<side pelishing, wherein; accordingly, the
wafer regg side-is;polished py.means gERAR-and a singlesside polishinggwith,supply. of pglishing slurry
S 10 side of the semiconductor wafer, and correspondingly

co-ordinating the choice of carrier plate form therewith, for

example.

The FA peclishing step that is firstly effected makes it

i5 possible to perform a type of roughening of the semiconductor
wafer site to be cemented on, the surface polished in this way
being distinguished by an extremely homogeneous surface
roughness, but in a relatively wide roughness window of
approximately 0.3 nm to 4.5 nm RMS, relative to a spatizl

20 waveiength rahge'of less than or egqual To 250um. This is known
Ifroem the German application having the file reference
102009030285, ¢, not previcusly 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 pbetween semiconductor
surface and cement film is increased and, conseguently, the
adhesion forces (Van der Waals forces) are correspondingly
increased.

30
This makes 1t possible for the semiconductcer wafer to be

fixedly held by means of a thin cement laver without the risk

h

@]

floating.

35 - 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



carried out on the wafer front side (CMP only of the front 15side). It should also be noted that, in
conjunction with the FRP polishing processes, wafer cleaning should always be carried out afterward
in order to counteract possible particle 20 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 bonded in the 25 polishing pad (PAP pad) is used during the PAP
polishing. Suitable abrasive materials comprise for e&ample particles of oxides of the elements cerium,
aluminum, silicon, zirconium, and also particles of hard materials such as silicon carbide, 30 boron
nitride and-diamontSParkittilary s iablepolishingpadERave s stiffaeé issoyraghy-8faped by
replicated: micrestsyctures. Theseanisrastructures s(Ipasts'y hrave sfor iexampte, ghe fermi atcolumns
having a 35 cylindrical or polygonal cross section or the form of pyramids or truncated pyramids. 8 in
WO 92/1;?1,_680 Al and US 2005/227590 Al, for example, The use of polishing pads containing cerium
oxide partitfes i$ pArticETsFR prefeffdd alsh’6r. 8586621173 dnd e pdiiching™ B&G5'Beséribed
theréin. of the semiconductor wafer since the semiconductor wafer can

now bear better on the preferably geometrically optimized

carrier plate surface and no additional height wvariance is

impressed as a result of uneveness of the cement layer itself.

10 In principle, the procedure described here can, of course, also
be carried out as single-side polishing, wherein, acceordingly,
the wafer rear side is polished by means of FAP and a
single-sicde polishing with supply of polishing slurry is
carried out on the wafer front side (CMP only of the front

15 side).

It should also be noted that, in conjunction with the FAP
polishing processes, wafer cleaning should always be carried
out afterward in crder to counteract possible particls

20 contamination, caused by the roughened wafer side to be
cemented on, since otherwise there is the risk of dimples being

rroduced.

A pcolishing pad containing an abrasive material bonded in the

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

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

30 boron nitride and diamond.

Particularly suitable pclishing pads have a surface topography
shaped by replicated microstructures. These microstructures
(“posts”} have, for example, the form of columns having a

35 cylindrical or peolygonal cross section or the form of pyramids

or truncated pyramids.

More detailed descriptions of such polishing pads are contained



The grain sizes of the FAP polishing pads used are preferably greater than or equal to 0.1pm and less
than or equal to 1.0pm. 10 If a high rear side roughness in the range of 30-45 angstroms is-desired,
PAP pads having grain sizes of 0.5-1.0 pm are preferably used. If a low rear side roughness in the
range of 3-10 angstroms is 15 desired, PAP pads having grain sizes of 0.1-0.25 pm are preferably
used. A defined surface roughness can therefore be established by means of the PAP polishing. 20 A
thin cement layer amounting to 0.5 to 3.0 um, preferably 0.52.0 pm, and especially preferably 0.5 to
1.5 um, is applied to the carrier plate or the polishing plate of a polishing machine. A method for
cementing’oi’and also>&itabie céfenting wikedard delchibed MAYS #348757 -By way of example,
the wax MWMO070 or MWH135 from South Bay 30 Technology, Inc. is suitable as cementing wax
(‘mounting. wax ). Beforg ise. the waxes;areliquefied:by-means of suitable splutions, 35 However, a

corresponding cementing solution ¢an also.be prepared as follows: . malejc resin is dissolved in
alcohol. Rpblyhyarit Heordt i reféiably used foPthiEBﬁ?poo%e?l\ﬁtﬁpﬁé}%/ﬁ%ﬁméh%ldi&%ﬂgh 9
5 _ .

pads described therein.

The grain sizes of the FAP polishing pads used are preferably

greater than or eguzl to 0.ipm and less than or equal to 1.0um.

|_|
4

10 a high rear side roughness in the range of 30-45 angstroms

=
03]

desired, FAP pads having grain sizes of 0.5-1.0 pm are

preferably used.

If a low rear side roughness in the range of 3-10 angstroms is
15 desired, ¥AP pads having grain sizes cf 0.1-0.25 pm are

preferably used.

A defined surface roughness can therefore be established by

means of the FAP polishing.

20
A thin cement layer amounting fto 0.5 to 2.0 pum, preferably 0.5-
2.0 pm, and especially preferably 0.5 toc 1.5 pm, is applied to
the carrier plate or the polishing plate of 2 poliishing
machine.

25

& method for cementing on and also suitable cementing waxes are
described in US 4316757.

By way of example, the wax MWMO70 or MWH1I3S from South Bay

30 Technology, Inc. is suitable zs cementing wax (“mounting wax”).

Before use, the waxes are liguefled by means of suitable

sglutions.

35 However, a corresponding cementing sclution can also be
prepared as folliows:
A maleic resin is dissolved in alcohol. A polyhydric alcohol is

preferably used for this purpose. A triphenyimethane dyes such



as crystal violet is preferably added. Further preferred additives are ammonia, IMBENTIN T/400 G (an
ethoxylated tridecylalcohol having 40 ethylene oxide units whieh can be procured from Dr. W. Kolb
AG, Hedinden, Switzerland) and 5 ultrapure water. It has been found to be advantageous if the
cementing solution has a viscosity of approximately 30 mm2/s The cementing solution is applied to a
carrier plate and the latter is caused to rotate for a few seconds, preferably tor 8- 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 heated, with the result that the solvent evaporates, as known from US
5,256,598 Sfof eXdfrple. B TRE prévibddly EAPpElistiedside 6Fthe semiesRdGctordafer is pressed
onto this gement layer zAtemvardythe, othERIIHE Iof the’ sérmiconduetos waderis potished by a polishing

head with a pelishing;pad. being pressed,;20 againstthe semigandyctorwater with.rotation of polishing
head and polishing plate. This polishing can be"a stock removal single-side polishing with supply of a
polishing S it <ol aRd usthy & 253t rdhfsvat BEfishing’ pad ESait polishifg can also be a
CMG polishintppsing assdfter haze-frees polishing pad withcsupplyeofvae pokishing agent (etg: colloidally

disperse silicaspl), 30 Ihe palishing.is followed by decementing and cleaning, okthesemiconductor

wafer as known in the prior art, e.g. by means of 15% strength formic acid or Puratron-11 and.
Puratron-7 from  ICE GmbH & Co. KG, Berlin, which are used 35 removing possible particle
contamindbheutmtforting soliution is applied fo a carrier plate and the

latter 1s caused to rotate for z few seconds, preferably for 8-
10 12 sec, at 200-400 rpm, with the result that a uniform film is

formed on the carrier plate. The carrier plate with the wax

solution is subsequently heated, with the result that the

solvent evaporates, as known from US 5,256,599, for example.

15 The previously FAP-polished side of the semiconductor wafer is

pressed onto this cement layer.

Lfterward, the other side of the semiconductor wafer is
prolished by a polishing head with a polishing pad being pressed
20 against the semiconductor wafer with rotation of polishing head

and pelishing plate.

This polishing can be a stock removal single~side polishing
with supply of a polishing slurry {(silica sol) and using a

25  stock removal polishing pad.

Said polishing can alsoc be a CMP polishing using a softer
haze-free polishing pad with supply of & 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 Puratron-11 and Puratron-67 from
ICE GmbH & Co. KG, Berlin, which are used in pariticular for

35  removing possibie particle contaminants (cement residuss).

The TAP polishing is preferably effected in thres steps. The

desired roughness of the FAP-polished side of the semiconductor



rinc.,Hd",fas). 10 wafer can thus be adapted even better in a wide roughness range. In the first step,
in this case an FAP polishing is effected 5 with supply of a polishing agent free of solids, whereas in
the second and third steps a polishing agent containing abrasives is supplied. The polishing agent is in
each case introduced between FA polishing pad and semiconductor wafer side to be polished. In the
firstS and second steps, a polishing pressure (pres QLljve with which the polishing head with the
polishing pad is pressed against the semiconductor Wafer) is 8-15 psi, this being reduced to 0.5-5 psi
in the third step. By means of such an PAP polishing in three steps it is possible 15 to produce an
average ‘$af8ée FotgHNess BF addGairfio"CRaphaT bfith 250 Ut fiter) 67 398 45 5hgstroms. This
covers artange.10 times greater than is possible by means of DSP/CMP. Various types of polishing
machines are suitable for carrying 20 out the method, such as e.g. a 3-plate single-side polishing

machine of the "reflection” typo from Applied Materials Inc. or a 2- Iate olishing machine, of the
‘Apollo” type Frofn Petet WohER ord 115&% G _Ring maching ot ‘rﬁél ance %GE“sei“‘t iY@ from

Strasbaught After thel PAPIpalishing, the semicortctdr seafer] oncthe AP pofistsatsside, preferably
has an ayerage surfacergughness.Ra of 0.2 1 4:5:nm, relative tospatiahwavelepgths:ofdess than or

equal to 250 um. . .
is supplied. The polishing agent is in each case introduced

petween FA polishing pad and semiconducteor wafer side to be

polished. In the first and second steps, a polishing pressure
10 (pressure with which the polishing head with the polishing pad

is pressed against the semiconducter wafer) 1s 8-15 psi, this

peing reduced to 0.5-5 psi in the third step.

By means of such an FAP polishing in three steps it is possible
15 to produce an average surface roughness R, according to Chapman
{with 250 pm filter) of 3 to 45 angsiroms. This covers a range

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

Various types of polishing machines are suitable for carrying

20  out the method, such as e.g. a 3-plate single-side polishing

I

..':

machine of the “reflection” type from Applied Materials Inc. or
a 2-plate polishing machine of the “Apollo” type from Peter
Wolters or a l-plate polishing machine of the “nHance (6EG)}"

type from Strasbaugh.

25
After the FAP polishing, the semiconductor wafer, on the
FabP-polished side, preferably has an average surface roughness
Ra 0f 0.3 to 4.5 nm, relative to spatlial wavelencths of less
than or egual to Z530 um.

30

In the simplest case, the polishing agent sclution 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 purity customary for use in the silicon industry.

However, the polishing agent solution can also contain

compounds such as sodium carbonate (NaxC0z), potassium carbonate



30 In the simplest case, the polishing agent solution in the first step of PAP 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 purity customary for use in the silicon industry.
(K2003), sodium hydroxide (NaOH), potassium hydroxide (KOH), ammonium hydroxide (NH40H),
tetramethylammonium hydroxide (TMAH) or any desired mixtures thereof. 5 The use of potassium
carbonate is especially preferred. In this case, the p]Il| value of the polishing agent solution preferably
lies in a range of 10 to 12 and the proportion of the stated compounds in the polishing agent solution is
W preferdBi-6 01 toS10% By Welight perficulaif’ preferaBi2e 61 48 0L 1A weight! Iﬁ%‘é)polishing
agent sokutiancanrfuithermoredcontain.one or more further additives i far exampte:surface-active
additivesili%itg_ﬁh %srwgg' g.agents @qgi%fgf&nt%gé%@g@.rs acti_ng as protectivg (_:oIIoids, _ _
preservatives, biocides, alcohols and complexing agents. A polishing agent containing abrasives is
used in the second 20 step of FAT polishing of the respective side, e.g. the rear side, of the
semiconductorwafer.£The proportion of thecalirasive materakinaheé polishing agent. slurry is preferably
0,25 to 20% by weight, particularly

the polishing agent solution

Fh

In this case, the pH valus o
preferably lies in 2 range of 10 to 1Z and the proportion of
the stated compounds in the polishing agent solution is

10 preferably 0.01 to 10% by weight, particularly preferably 0.01

to 0.2% by weight.

The polishing agent solution can furthermore contain cne or

more further additives, for example surface~actlve additives
15 such as wetting agents and surfactants, stabilizers acting as

protective colloids, preservatives, biocides, alcohols and

complexing agents.

A polishing agent containing abrasives 1s used in the second
20 step of FTAP polishing of the respective side, e.g. the rear

~silde, of the semiconductor wafer.

The proportion of the abrasive material in the polishing agent

slurry is preferably 0.2 to 20% by weight, particularly

25  preferably 0.25 to 1% by weight.

The size distribution of the abrasive materizl particles is
preferably meonomodal in nature.

30 The average particle size is 5 to 300 nm, particularly
preferably 5> to 50 nm.

The abrasive materiazl 1s composed of a material that
mechanically removes tThe substrate material, preferably of one
35 or more of the oxides of the elements aluminum, cerium or

silicon.

A polishing agent slurry containing ceoliocoid-disperse silica 1is



25 preferably 0.25 to 1% by weight. The size distribution of the abrasive matearticles 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 the elements aluminum, cerium or silicon. 12 particularly
preferred. In the second step of FAP polishing of the respective side, e.g. the rearside, in contrast to
the first step, preferably 5 no. additives such-as sodidm carbonate (Na2003), potassium carbonate
(K2003), sodium hydroxide (NaOH), potassium hydroxide (KOH), ammonium hydroxide (NH4OH,
tetrametaamhionigmhydresideé {TRAH) are added. W However, the polishing agent slurry can
contain one or more further additives, for example surface-active additives such as wetting agents and

;;giga;{s% stabilizers acting.as protediiye collaids, preservatives, bigciges.alcehqls aod complexing
' e.g. the resar side, in contrast to the first step, preferably
5 no additives such-as sodium carbonate {(Na,C0s), potassium -
carbonate (K.C0s), sodium hydrexide (NaOH), potassium hydroxide
(KOH), ammenium hydroxide (NH,0H), tetramethylammonium

hydroxide {(TMEH) are added.

10  However, the polishing agent slurry can contain one or more
further additives, for example surface-active additives such as
wetting agents and surfactants, stabilizers acting as
protective colloids, preservatives, bilocides, alcohols and

complexing agents.

A polishing agent containing abrasives 1s likewlse used in the
third step of FAP polishing of the respective side, e.g. the

rear side, of the semiconductor wafer.

26 The polishing pressure is reduced by comparison with the first

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

The proportion of the abrasive material in the polishing agent

slurry is prefetably 0.25 to 20% by weight, particularly

o
Ln

preferably 0.25 to 1% by weight.

The size distribution of the abrasive material particles 1is
preferably monomedal in nature.

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

-

preferably 5 to 50 nm.

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

silicon.

A polishing agent slurry containing colloid-disperse silicz 1is



A polishing-agent containing abrasives is likewise used in the third step of FRP polishing of the
respective side, e.g. the rear side, of the semiconductor wafer. 20 The polishing pressure is reduced
by comparison with the fi and second steps from 8-15 psi to 0.5-5 psi. The proportion of the abrasive
material in the polishing agent 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 patrticle size is 5 to 300 nm, particularly preferably 5 to SO nm. The abrasive
material is composed of a material that mechanically removes the substrate material, preferably of one
35 or mové b ifd'okidesd oP Het&ER&fts aluminum, cerium or silicon. 13 particularly preferred. In the
third step of FAP polishing of the respective wafer side, e.g. the rear side, in contrast to the first step, 5
preferably no additives such.as, sediugy.carbonate,(Na2003) otassium.carbonate (K2003), sodium
hydroxide (NaOH), potassid hydroxide, &Kp ), ammonium pydroxide (NH4OH)r tetramethylammonium
hydroxidéjf?ﬁml*?)'é;re adifegiear sice, in contrast’to the first’step,

' 5 preferably no additives such as sodium carbonate (NapCOsz),

potassium carbonate (XK»C03), sodium hydroxide (NaOH), potassium
hydrozide (KCH), ammonium hydroxide (NH,OH),

tetramethylammonium hydroxide (TMAH) are added.

10 However, the polishing agent slurry can contaln one or more
further additives, for example surface-active additives such as
wetting agents and surfactants, stabilizers acting as
protective colloids, preservatives, bioccides, alcohols and

complexing agents.



O However, the polishing agent slurry can contain one or more further additives, for example
surface-active additives such as wetting agents and surfactants, stabilizers acting as protective
colloids, preservatives, biocides, alcohols and coriyplexing agents. Patent Claims: 1.A method for
polishing a semiconductor wafer having a first and a second side, comprising an FAP (Fixed Abrasive
5 Polishing) of the first side of the semiconductor wafer using a polishing pad comprising fixedly
bonded abrasives having an average particle size of 0.1-1.0 pm, application of a cement layer having
a thickness of at most 3 pm to that FAP-polished first side of the semiconductor wafer, subsequent
cementing gQekihe semiganductor wafer by that FAP-polished first side comprising a cement layer on
a carrier plate of a polishing 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 mecRafiarsdlising BF tHe Se86hd sifd R SEmMithniGERT WS &% EMP polishing. 3.
The method as ctaimeskincelaing 1der, asclaimed in elaim ZAZ0whereht, FeforstiesPAP of the first side
is carried out, fitstlydhesecond side of the semicanducterwatairis subjected to an AP wsing a
polishing pad comprising.fixedly bonded abrasive havc'g]L ag&yggac.lg%ggggqq]ggeh%qu.r’l{ 0.pm, a
cement layer haa\}?riBg;L ésrt]igllcrk% é%f%?%gsltsslg% élfg?%ﬁ ied to that PAP-polished sec*ongol1 side of the
semiconductoPWaFer? thé d&imicarfduttdewaters teméntBl byAthat PAP-pofisitdd &eC6F Eide on a
carrier plate ofiz pelishiagimachine} andreeclzemicad mechanicalipolishing efithEfistsidé tfahe
semiconductorswater is casried otte semiconductor wafer, subsequent cementing
10 of the semiconductor wafer by that FAP-polished first side
comprising a cement layer on a carrier plate of a polishing
machine, and alsc a single-side chemical mechanical pelishing

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 CMP pglishing.

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 side of the semiconductor wafer is
stbjected to an FAP using a polishing pad comprising fixedly
bonded abrasives having an average particle size of 0.1-1.0
pm, & cement layer having a thickness of at most 3 pm is

23 applied to that FAP-polished second side of the semiconductor
wafer, the semiconductor wafer is cemented by that
FAP-polished second side on a carrier plate of a polishing
machine, and a chemical mechanical polishing of the first

side of the semiconductor wafer 1s carried oul.

30
4, 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 peclishing pad
35 which contains an abrasive material bonded in the polishing

pad and which is pressed with a polishing pressure onto the
rear side of the semiconductor wafer, wherein in the first

polishing step a polishing agent free of solids, whereas in



30 4. The method as claimed in any of claims 1 to 3, wherein the PAP 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 35 which kontains an abrasive material bonded in the
polishing pad and which is pressed with a polishing pressure onto the rear side of the semiconductor
wafer, wherein in the first polishing step a polishing agent free of solids, whereas in 15 the second
and third polishing steps a polishing agent containing abrasive materials is introduced between
polishing pad and that side of the semiconductor wafer which is to be polished by means of FAP,

wherein a polishjpgquressuresindhe;ofirst %!M%E%% polishing steps ot 8:1a;psidsfeduced to 0.5-5 psi
in the third polishir%%ste.p. 5. The gng}@o%gsﬁa%s ins cI£1I|1|@I4 a/ng:eergir%thtewgollshing ?9}?91% solution
during the firstcs%lp ojfrb%rl}i%hﬁ‘wgrtﬁe réar Side Of T0the Sermiconductor water gor?t%irlnosodeionl‘zeqd water
(DIW). 6. The RithédastElaiméd fifclafim 4'6r SeWhersifA'iRé polishingagent olutn-Comtains
compounds sefectedfeamisodigmrcarbanatei(Na2003) ; potassivi carbonate K2G3), isodium

15hydrgxide (NaQk).. potassiuny, hydroxide, (KQH)ammeniugLhydroxide; NHAQH)e 4 +o
tetramethylamlcp(gligm h%droxiqc%g I\é@H% and mixgﬂrrels of one or more thereof. 7. The method as
claimed in claim 4, wheféin the po |sh|n3g élgé:)nci v8hing step.

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

10 the semiconductor wafer contains deicnized water (DIW).

6. The method as c¢laimed in claim 4 or 5, wherein the pclishing
agent solution contains compounds selected from scdium
carbonate (Na,C0;), potassium carbonate (K,COz}, sodium

15 hydroxide (NaOH), potassium hydroxide (KOH), ammonium
hydroxide (NH40H), tetramethylammonium'hydroxide {(TMAH) and

- mixtures of one or more thereof,

7. The method as claimed in claim 4, wherein the polishing agent
20 slurry in the second polishing step comprises particles of
one or more of the oxides of the elements aluminum, cerium or

silicon.

8. The method as claimed in any of claims 1 to 7, wherein the
25 polishing pad used for the rear side peclishing contains
fixedly bonded abrasive materiais in the form of particles of
oxides of the eiements cerium, aluminum, silicon, zirconium,
or particles of hard materials such as silicon carbide, bhoron
nitride and diamond.
30 _
&. The method as claimed in any of claims 1 to 8, wherein the

cement layver has a thickness of 0.5 to 2.0 um.

i0. The method as clalmed in any of claims 1 to &, wherein the

35 cement layer has a thickness of 0.5 to 1.5 um.



20slurry in the second polishing step comprises particles of one or more of the oxides of the elements
aluminum, cerium or silicon. 8. The method as claimed in any of claims 1 to 7, wherein the
25polishing pad used for the rear side polishing 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 ggamond. 30 9. The method as claimed in any of
claims 1 to 8, wherein the cement layer has a thickness of 0.5to 2.0 pm.  10. The method as
claimed in any of claims 1 to 8, wherein the 35ggmentjayer has a thickness of 0.5 to 1.5 pm. Abstract
Method for polishing a semiconductor wafer A method for polishing a semiconductor wafer, comprising
an FAP (Fixed Abrasive Polishing) of a first side of the semiconductor wafer using a polishing pad
comprising fixedly bondéw: bbrasivissrhaddd ahaverage partichknsize 6@, wa Dam, application of a
cement layer having a thickness of at most 3 um to that FAP-polished first side of the semiconductor

wafer, cementing of the semi on%ctor wafer b ,thaIECli:AI%-gglisg? first %ige orrliasggrrieélg)@g of a
polisﬁing i CAndAis8 % ﬁﬁg %?s?dgcﬁeemilc%?mé%:%amca‘f’poﬁsﬁﬁng S SEd8Rddé OF the
semicond{Eiotavafdbrasive Polishing) of a first side of the semiconductor

wafer using a polishing pad comprising fixedly bonded abrasives
having an average particle size of 0.1-1.0 um, application of a
dement layer having a thickness c¢f at most 3 um to that

10 FAP-polished first side of the semiconductor wafer, cementing
of the semiconductor wafer by that FAP-polished £irst side on a
carrier plate of a polishing machine, and also a single-side
chemical mechanical polisghing of the second side of the

semiconductor wafer.



