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WO 99/55491 Al describes a two-stage polishing method,
comprising a first polishing step, in which the
substrate is polished on a polishing pad containing an
abrasive material bonded 1in the polishing pad. A
polishing step in which such a polishing pad - also
called "fixed-abrasive pad" - 1is used is referred to
hereinafter as FAP step for short. The subsequent
second polishing step of the two-stage polishing method
is a chemical mechanical pclishing of the substrate on
a polishing pad containing no bonded abrasive material.
Abrasive material is introduced here in the form of a
slurry between the substrate and the polishing pad.
Such a polishing step is referred to hereinafter as CMP
step for short. It is used in the two-stage polishing
method in accordance with WC 99/55491 Al in particular
in order to eliminate scratches left by the FAP step on
the polished surface of the substrate.

EpP 1 717 001 Al 1is one example of the fact that FAP
steps are also used when polishing semiconductor wafers
which have not yet had any component structures form
upon their surface. During the polishing of such
semiconductor wafers, it 1is primarily important to
produce at least one lateral surface which is
particularly planar and which has a minimal

microroughness and nanotopography.
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sem conductor wafers, it is primarily inportant to 35 produce at |east one
| ateral surface which is particularly planar and which has a m ni nal

m cr oroughness and nanot opogr aphy. -2- 2The obj ect of the present invention
is to specify an inproved polishing nethod for substrates conposed of

sem conductor material, which nmethod opens up particularly |ow values in
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whi ch t he st &t PE966FFE8hed on a pol i shing pad containing an abrasive
mat eri al bonded in the polishing pad, wherein a polishing agent slurry
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in the polishing pad, wherein & polishing agent
solution 1is introduced between the substrate and the
polishing pad during the polishing step; and at least
15 one polishing step of type B, by means of which the
substrate is polished on a polishing pad containing an
abrasive material bonded in the polishing pad, wherein
a polishing agent slurry containing unbonded abrasive
material is introduced between the substrate and the

20 polishing pad during the polishing step.

The polishing steps of type A and type B are in each
case an FAP step. They differ in that in the polishing
step of type B a polishing agent slurry containing
25 unbonded abrasive material as solid 1is introduced
between the substrate and the polishing pad, while in
the polishing step of type A, the polishing agent
slurry is replaced by a polishing agent sclution which,
as the expression already describes, is free of solids.
30 The expression polishing agent is used hereafter as a
generic term for polishing agent slurries and polishing

agent solutions,

The proportion of abrasive material in the polishing
35 agent slurry is preferably 0.25 to 20% by weight. The
size distribution of the abrasive material particles is
preferably monomodal 1in nature. The average particle

size is 5 to 300 nm, particularly preferably 5 to 50



as the expression already describes, is free of solids. 30 The expression
polishing agent is used hereafter as a generic termfor polishing agent
slurries and polishing agent solutions -The proportion of abrasive materi al
in the polishing 35 agent slurry is preferably 0.25 to 20% by wei ght. The
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esired mixtures of these compounds. The polishing
agent slurry can furthermore contain one or more
further additives, for example surface-active additives
15 such as wetting agents and surfactants, stabilizers
acting as protective colloids, preservatives, biocides,

alcohols and complexing agents.

The polishing agent solution is water in the simplest
20 case, preferably deionized water (DIW) having the
customary purity for use in the semiconductor industry.
However, the polishing agent solution can also contain
compounds such as sodium carbonate (Naz;CO;) potassium
carbonate (K;CO3), sodium hydroxide (NaOH}, potassium
25 hydroxide {(KOH) , ammonium hydroxide {NH4OH) ,
tetramethylammonium hydroxide (TMAH) or any desired
mixtures thereof. In this case, the pH of the polishing
agent solution preferably lies within a range of 10 to
12, and the proportion of the compounds mentioned in
30 the polishing agent solution is preferably 0.01 to 10%
by weight. The polishing agent sclution can furthermore
contain one or more further additives, for example
surface-active additives such as wetting agents and
surfactants, stabilizers acting as protective colloids,
35 preservatives, biocides, alcohols and complexing

agents,



conpounds such as sodi um car bonate (Na2CO3) potassium carbonate (K2C33),
sodi um hydr oxi de (NaOH), potassium 25 hydroxi de (KOH), amoni um hydr oxi de
(NHACH), tetramet hyl ammoni um hydr oxi-det ((-TMAH) or any desired m xtures
thereof. In this case, the pH of the polishing agent solution preferably
lies within a range of 10 to 12, and the proportion of the conpounds

mentioned in 30 e polishing agent solution . is preferably 0.01 to 10% by
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semiconductor wafer polishing that has already been
effected. A substrate derived from a semiconductor
15 wafer composed of silicon should be understood to mean,
in particular, substrates having a layer structure, for

example semiconductor wafers having a layer deposited

by means of epitaxy, SOI substrates ("silicon on
insulator"”) and sSOI substrates (strained silicon on
20 insulator) and intermediate products thereof. The

intermediate products also include donor semiconductor
wafers from which layers have been transferred to other
substrates, 1in particular in the course of producing
S50I substrates. In order to be able to be reused, the
25 surface of the donor semiconductor wafer that is
uncovered by the layer transfer, said surface being
comparatively rough and having a characteristic step in
the edge region, has to be smoothed. The surfaces to be
polished of the substrates need not or not only consist
30 of silicon. By way of example, layers composing III-V
compound semiconductor such as galliumarsenide or an
alloy composed of silicon and germanium (SiyGei_y) may
be involved. Further examples are layers composed of
indium phosphide, galliumnitride and aluminum
35 galliumarsenide. The surface of SiiGeix layers is coften
characterized by a pattern caused by dislocations and

known as "cross hatch", and must generally be smoothed



exanpl e sem conductor wafers having a | ayer deposited by neans of epitaxy,
SO substrates ("silicon on insulator"”) and sSO substrates (strained
silicon on 20 insulator) and interned & e products thereof. The
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15 The method according to the invention can be carried
out 1in the form of a double-side polishing 1in
principle. In this case, both sides of a semiconductor
wafer are polished simultaneously. A particularly
suitable area of application is single-side polishing,

20 however. In this <c¢ase, substrates having a large
diameter, for example semiconductor wafers composed of
silicon having a diameter of 300 mm, are wusually
polished singly. With the aid of a polishing head, they
are pressed by the lateral surface to be polished

25 against the polishing pad lying on a polishing plate. A
polishing head also includes a retainer ring that
laterally encloses the substrate and prevents it from
sliding from the polishing head during polishing. In
the case of modern polishing heads, the lateral surface

30 of the semiconductor wafer which is remote from the
polishing pad bears on an elastic membrane that
transmits the polishing pressure exerted. The membrane
is part of a possibly subdivided chamber system that
forms a gas or liquid cushion. However, polishing heads

35 are also in use 1in which an elastic support ("backing
pad"} 1is used instead of a membrane. The substrate is
polished with the feeding of a polishing agent between
the substrate and the polishing pad and with rotation



addi tive, germaniumcontaining particles can arise in the course of
polishing and can scratch the polished surface. 15 The nethod according to
the invention can be carried out in-the formof a double-side polishing in
principle. In this case, both sides of a sem conductor wafer are polished
simul taneously. A particularly suitable area of application is single-side
pol i shi ng, 205 hol_éwever this case, substrates having a large dianeter,
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the p0|iShi%%r%%%pd%@%%%bynumber of substrates can be polished
simultaneously. Different peclishing pads and different
polishing agents can also be used in this case.
15
The method acceording to the invention uses at least one
polishing pad containing an abrasive material bonded in
the polishing pad. Suitable abrasive materials comprise
for example particles of oxides of the elements cerium,
20 aluminum, silicon, zirconium and particles of hard
materials such as siliconcarbide, boronnitride and
diamond. Particularly suitable polishing pads have a
surface topography shaped by replicated
microstructures. These microstructures ("posts™) have
25 for example the form of columns having a cylindrical or
polygonal cross section or the form of pyramids or
truncated pyramids. Polishing pads of this type are
commercially available and offered for example by 3M
Corp., USA. More detailed descriptions of  such
30 polishing pads are contained for example in WO 92/13680
Al and US 2005/227590 Al.

The method according to the invention comprises in each
case at least one polishing step of type A and of type
35 B. An FAP pad is used in both polishing steps. This may
involve the same polishing pad or it is possible to use
different polishing pads. In accordance with a

particularly preferred embodiment of the method, the



nore conprehensive use of the polishing pad area is 5 obtained.

Furthernore, the nmethod according to the invention can equally be carried

out on single-plate and nmulti-plate —pdli-shing nachi nes. The use of

mul ti-plate polishing 10 machi nes having preferably two or three polishing

pl ates and polishing heads is preferred, such that a correspondi ng nunber
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type A, substep 2 preferably as polishing step of type

B, and substep 3 either as polishing step of type A or

13 as polishing step of type B.

The method according to the invention can comprise
further polishing steps, for example a CMP step, which
is referred to here as polishing step of type C. Such a
20 polishing step 1is preferably carried out after a
polishing step c¢f type A or type B. Furthermore, the
substrate can be etched or cleaned, for example using
an alkaline etchant and/or using an etchant having an
acidic pH, after a pclishing step of type A or type B.
25
The efforts to reduce the microrcocughness can be
supported by accompanying measures. One preferred
measure consists in reducing the polishing pressure by
at least 10% in an end phase of the polishing,
30 preferably 5 to 300 s before the substrate is raised
from the polishing plate, and continuing to polish the
substrate at this reduced polishing pressure until
lift-off from the polishing plate. A further preferred
measure consists in cleaning the polishing pad using a
35 cleaning agent, by distributing the cleaning agent on
the polishing pad with the aid of an open-pored foam
body. This is preferably done in situ, that 1s to say
during the polishing of the substrate. The pad cleaning



di fferent polishing pads. In accordance with a particularly preferred
enbodi nent of the nethod, the - 7 polishing is tenporally subdivided into
at |east three substeps 1, 2 and 3, -wW8er-ei n process paraneters that

control the nmean material removal (MR), such as polishing agent, polishing
agent flow rate and 5 polishing step duration, for exanple, are controlled
in such a \ﬁﬁ% t hat nmean material renmoval results which in substep 1 is
greater thafith&ESi Fi¥Wbst eB29, CQRGLtAONdNEstep VLT EUS sO§r ddCerfaHan or
equal to thataitn thebstepm3. b&lHysubséepsndt Zamthiy adny easiradiersubstep 10
is configur .R9Li shi ng_st of type A and.at .l east _one substep is
configured @gt%%ﬁlggﬁi nlaég %% g%[h ryeptea/'B. I%Suggt“elﬁlgfles p?%¥erez§]ba}5;/tjecgbodi ed as
pol i shing spépsofic tfypa Aavingstep opepr efedrlalsity vas ye iishiswgl stele of type
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after a poliihi n%éstep 01y type A or ty%e B. Furthernore, the substrate can
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etchant haviraegiag, acpdigephlylahéer o) shipwl wheppowledype HHis,t ype B.
25 The forts to rzduce t he m'crﬁroughneis can be suggorted b
acconpahyi ngCr¥aSEYESC AR et RPT¥E° T RibadQrdSc AT st'd ﬁsﬁeﬁ&%% t he
pol i shing pTesswelishirad begast 109%d nian tered phapecofivehepqial sksihigng,
step is suitable, in particular, as cleaning agent.

The invention is explained in more detail below using
15 the example of preferred exemplary embodiments and its
advantageous effect with regard to the reduction of
microroughness 1s set out by means of comparative

experiments.

20 The substrates were semiconductor wafers composed of
silicon having a diameter of 300 mm and having an upper
layer composed of a relaxed silicon-germanium alloy
having the composition Sig.gGeg.z. They were polished on
a single-side polishing machine from Strasbaugh, Inc.

25 of type nHance 6EG and were subsequently cleaned, dried
and passed to a stage for examining the polished
surface. The individual-wafer polishing machine
configured in particular for develcpment work 1is
equipped with one polishing head and with one polishing

30 plate. The polishing head is mounted cardanically and
comprises a fixed baseplate coated with a backing pad,
and a movable retainer ring. Through holes in the
baseplate, cushions can be established in two
concentric pressure zones, an inner and an outer =zone,

35 the substrate floating on said air cushions during
polishing. Pressure can be applied to the movable
retainer ring by means of compressed air bellows in

order thus to pretension the polishing pad upon contact



30 preferably 5 to 300 s before the substrate is raised fromthe polishing
pl ate, and continuing to polish the substrate at this reduced polishing
pressure until lift-off fromthe poli $hing plate. A further preferred
measure consists in cleaning the polishing pad using a 35 cl eaning agent, by
di stributing the cleaning agent on the polishing pad with the aid of an
open- por ed fo This_ i ny daone iip situ, th is . to say
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foams, 4r eaaﬁf%qabqew@%atg@agﬁalaogylzen de Hogysym. pol ybenzi ni dazol e foans,
foams based on phenolic reésins, polyethylene foams, pol ypropyl ene foans, 10

pol yacrylic foans, polyester foans and vi scose foans The polishing agent

used in thetrespactiverpel i sbBeRgesst e@fi S skbéabhents N paﬁéﬁ_r@ul ahe as
cl eani ng agent inventio |s e§pl ﬁbln nor e det%l bel ow using 15
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composet of "B PLBEA thati g ol Sethr of J00CHeg Sni-Pagi o AP aKbr 1 ayer
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Si 0.8Ge0, 2. -Theu r¥ehieePAJIshAd ON polishing steps 1, 2 and 3 were
without exception polishing steps of type A. 1In
contrast thereto, the semiconductor wafers of the

15 exemplary embodiments were subjected to a correspcnding
polishing in which polishing steps 2 and 3 were

polishing steps of type B.

Further experiment parameters are summarized in the
20 following table.



a single-side polishing machi ne from Strasbaugh, Inc. 25 of type nHance 6EG
and were subsequently cleaned, dried and passed to a stage for exam ning
the polished surface. The individuat-Wafer polishing machine configured in
particul ar for devel opment work is equi pped with one polishing head and

wi th one polishing 30 plate. The polishing head is nounted cardanically and
conprises a fixed baseplate coated with a backing pad, and a novable
retainer ring. Through holes in the baseplate, cushions can be established
in two congehiieidé pressure zones, an inner and an outer zone, 35 the
substrate floating on said air cushions during polishing. Pressure can be
appl i ed t gthenovabte —retaner—ring—by means—ofrconpressed—atr+—beHows; i n
order thug Redighéngnstem 1t he | Feempliagy pad upon cofommaratgvepth the
substrate |and to keep it pl an@mpbaimbhie conparatlwgﬁﬁﬁagples and exenpliary
enbodi nent[s; am FAP—pad fromm3tM-Corp—, USA—was used;, having abrasrve
particl es jof ceri d¥P8xi de (CeCR) bonded*thereln and 5 havi ng* an_aver age

grain size ofo0i Swidy dderfk first epl esonlt gxperi rrents,Kz@@; N ion
sem condugt or wafers of” the 1|rst conparative exanple _and the senlcondgctor

wafers of |the first exenplary 10{®modiettidids subf@ctedy oval 9Ky &l dge
pol i shing | nmethod, polishing stggxhlprap@@@lgn)ln t he cg&@p@}ﬂﬂah

conpar ati ie exanpl e ol TShing sTeps T, 2 and 3 Were out exceptlon
pol i shing |st ‘bﬁ{%?“?‘i/ IR I cont ik /tz’i‘é‘r“eto the se\reg OhFIABE waf erls of

the 15 exgnpl ar§l ewrbogki ¢rent s mere subjected to a gorresponding polishing in
whi ch polijshing3teps 2 and 3 weres, o, 554 4 60 to 300 s
Polishing 7 psi (48.26 kPa) 7 psi (48.26 kPa)

pressure

Polishing step 2

Type B A
Peclishing agent Glanzox 3900 *) DIW
(1% by weight S5i0;
proportion)

Polishing agent 350 ml/min 350 ml/min

flow rate

Duration 120 s 120 s

Polishing 7 psi (48.26 kPa) 7 psi (48.26 kPa)

pressure

Polishing step 3

Type B A
Polishing agent Glanzox 3900%*) DIW
(1% by weight Si0»
proportion)

Polishing agent 350 ml/min 350 ml/min

flow rate

Duration 10 s 10 s

Polishing 3.5 psi {24.13 kPa) 3.5 psi (24.13 kPa)

pressure

5 *) Glanzox 3900 is the product name for a polishing
agent slurry offered by Fujimi Incorporated, Japan, as



polishing steps of type B. Further experinment paraneters are sunmarized in
the 20 followng table. - 10 - Table 1 Polishing step 1 Exenplary
Conparative enbodi ment exanple Type A A Polishing agent K2CO3 sol ution
K2CO3 solution (0.2% by wei ght (0.2%13y -wei ght K2CO3 K2CO3 proportion)
proportion) Polishing agent 3000 mM/mn 3000 M/mn flowrate Duration 60
to 300 s 60 to 300 s Polishing 7 psi (48.26 kPa) 7 psi (48.26 kPa)

pressure Polishing step 2 Type B A Polishing agent danzox 3900 *) DIW (1%
by wei ght s?of%\fg“wﬁait&n) >J{’g8| | ST e %@dlﬂgmiﬂn B0 9 / AP flow rate

Duration 12€oistd20s sapBebkshangly P $d8w26gkkPa)o7 psil1648a26 Jlg)
Paol i shi t 3T B A, i shi t 4 3900*) DIW (1%
E;e\?\z:{gﬁt %?%S rlﬁﬁ?gsgr%{)\,&en atﬁleoeparélcf(e) Isslzlengof:ag%% toaq{JOXnm. gh?e (1%
Si0, proportion indicated in the table is based on the

5 polishing agent.

After polishing, the semiconductor wafers were cleaned,
dried and examined with regard to the residual
microroughness. Three different measuring methods were
10 employed in this case. The RMS roughness ("root mean
square, RMS") was determined using a phase contrast
profilometer of the MP2000 type from Chapman

Instruments, USA, taking account of various lateral

correlation lengths (filter lengths, "spatial
15 wavelengths") that influence the roughness value.
Furthermore, dark field scattered light ("haze") was

measured using a Surfscan SP-1 from KLA-Tencor, USA,

for various detector arrangements (channel mode:
D="dark field": N="narrow", W="wide"; O="oblique",
20 ="normal"}. The third measurement was an AFM
measurement ("atomic force microscopy”™, AFM) on a

square measurement area of 10 pum x 10 pum in the centre

and 1mm from the edge of the semiconductor wafers,

which is likewise wused for determining the RMS
25 roughness.

The results of the measurements are summarized 1in
tables 2, 3 and 4.



Pol i shing agent 350 mM/mn 350 M/mn flowrate Duration 10 s 10 s
Polishing 3.5 psi (24.13 kPa) 3.5 psi (24.13 kPa) pressure 5 *) d anzox
3900 is the product nane for a polishihg -agent slurry offered by Fuji mi

| ncor porated, Japan, as - 11 a concentrate. The concentrate having a pH of
10.5 contains approximately 9% by wei ght of colloidal SiO2 having an
average particle size of 30 to 40 nm The S Q2 proportion indicated in the
table is based on the 5 polishing agent. After polishing, the sem conductor
waf ers wer eTebéandd, dried and examined with regard to the residual

m croroughness. Three different neasuring nethods were 10 enployed in this
case. The RMS roughness ("root nmean square, RM5S') was determ ned using a

phase contyrast profiloneter of the MP2000 type from Chapman Instruynents
USA, takingcaapgaEnt of varijopsiisisiql correlation lengths (filter [hngths,
"spatial 1p wavel engths") tlhat influence, the roughness value. Furthernmre,
dark field|scattered Iight |(®¥8Re") was 1nEMSuredohoess dAagstedmd Ak om
K!_A-Tg_ncor' USA, for Vario'l'D.%uM:‘&ﬁ-t(H) arftangements (channel node: |D="darlk
];r:eg!sgrérreN: n%&ég\gﬁ A‘é&W shr ((a):ne(r)I?I I(Elgtteonné2 d;':cgor clr )SC%)?I)C? tﬂ\élr\/; on a
squar e nmeagur ementum) ea of |10 pm x 10 pmin the dentre |and Inmfromthe
teﬁgeR(l\)/];S t he seglx(éon uc'g/or \/T/afers, 60vvhl ch |sll.|ll§evu| B%Esedofgf dg'g gLNiNg
embodiment 1
Exemplary 150 1.13 0.79 0.49 | 0.18 | 280
embodiment 1
Exemplary 270 0.92 0.61 0.38 [ 0.151450
embodiment 1
Exemplary 270 0.72 0.45 0.27 {0.111420
embodiment 2
Comparative 60 11.59 | 8.92 5.47 11.78 [ 190
example 1
Comparative 160 7.69 5.62 3.28 |1.07!270
example 1
Comparative 300 5.79 4,24 2.47 [0.80]|460
example 1
Comparative 300 3.97 3.05 1.92 | 0.66 ]| 520
example 2




25 roughness. The results of the nmeasurenments are summarized in tables 2, 3
and 4. - 12 - Table 2 Chapnman Polishing MR step 1 RVMS roughness [ Angstronj
[nn] Duration(s) Filter length 250 8353Q 10 [ m Exenplary 60 1.17 0.81
0.51 0.19 210 enbodinent 1 Exenplary 150 1.13 0.79 0.49 0.18 280

enbodi mrent 1 Exenplary 270 0.92 0.61 0.38 0.15 450 enbodi nent 1 Exenplary
270 0.72 0.45 0.27 0.11 420 enbodi nent 2 Conparative 60 11.59 8.92 5.47
1.78 190 €Ekampte3 1 Conparative 160 7.69 5.62 3.28 1.07 270 exanple 1
Conmparative 300 5.79 4.24 2.47 0.80 460 exanple 1 Conparative 300 3.97 3.05

1.92 0. 66 520—=exanpte 2513 —=—Tabte3TSP-1++oti+shitng—step—1t—Haze" [ PPM
SP- Polishing
step 1 "Haze" [ppm]
Duration [s]
Channel mode DWN DNN DWO DNO
Exemplary 60 0.588 [0.83610.369|0.047
embodiment 1
Exemplary 150 0.508 |0.704|0.329]0.039
embodiment 1
Exemplary 270 0.384 (0.487 /0.275(0.032
Embodiment 1
Exemplary 270 0.326 [ 0.264|0.225]0.020
embodiment 2
Comparative 60 1.497 [4.712]1.405]0.134
example 1
Comparative 160 1.346 [4.391(1.061|0.117
example 1
Comparative 300 1.127 |3.947(0.800|0.099
example 1
Comparative 300 1.005 (3.582(0.706|0.094
example 2




Duration [s] Channel node DWN DNN DWO DNO Exenplary 60 0.588 0.836 0.369
0.047 enbodinent 1 Exenplary 150 0.508 0.704 0.329 0.039 enbodinent 1
Exenplary 270 0.384 0.487 0.275 0.032 t4enbodi nent 1 Exenplary 270 0. 326
0.264 0.225 0.020 enbodi nent 2 Conparative 60 1.497 4.712 1.405 0.134
exanpl e 1 Conparative 160 1.346 4.391 1.061 0.117 exanple 1 Conparative 300
1.127 3.947 0.800 0.099 exanple 1 Conparative 300 1.005 3.582 0.706 0.094
exanple 2 - 14 - Table 4 AFM Polishing step 1 RVS roughness Duration(s)

[ Angstron] T&wbket4 on Center Edge-1mm Exenplary 60 1.25 1.11 enbodinent 1
Exemplary 150 1.24 1.08 enbodinment 1 Exenplary 270 1.05 0.93 enbodi ment 1

Exenpl ary 276069806+ 7—enbodient—2—
AFM Polishing step 1 RMS roughness
Duration(s) [Angstrém]
Position Center Edge~-1lmm
Exemplary 60 1.25 1.11
embodiment 1
Exemplary 150 1.24 1.08
embodiment 1
Exemplary 270 1.05 0.93
embodiment 1
Exemplary 270 0.98 0.77
embodiment 2
Comparative 60 3.72 2.23
example 1
Comparative 160 2,06 1.69
example 1
Comparative 300 2.22 1.50
example 1
Comparative 300 1.81 1.35
example 2

5 The tables show that significantly lower "haze" and RMS
roughness values <c¢an be expected if polishing is

effected according to the invention.

The above experiments in the first series of
10 experiments (exemplary embodiment 1 and comparative
example 1) were carried out without in-situ cleaning of
the polishing pad. In a second series of experiments
(exemplary embodiment 2 and comparative example 2),
further semiconductor wafers of the same type were
15 polished in the same way, except that in-situ cleaning
of the polishing pad was additionally carried out using
an open-pored sponge composed of polyester that was

impregnated with the polishing agent as cleaning agent.



Conparative 60 3.72 2.23 exanple 1 Conparative 160 2.06 1.69 exanple 1
Conparative 300 2.22 1.50 exanple 1 Conparative 300 1.81 1.35 exanple 2 5
The tabl es show that significantly lower -"haze" and RM5 roughness val ues
can be expected if polishing is effected according to the invention. The
above experinents in the first series of 10 experinents (exenplary

enbodi nent 1 and conparative exanple 1) were carried out without in-situ
cl eani ng ofThe haopsl | $hi Ngplplel Pn a3segshd4seihals dndixgedrd nEhese

(exenpl ary ephodif®is 2naRd GRMPAIAL} VenheXamplee )erofstidiiessseghgonduct or
waf ers of the sanme type were 15 polished in the same way, except that

in-situ cl e hgtooPet kedperrs Hivkd hgad Rvadiendth t9bnbl s edeitéanadt using
an open- porgsh spenge conposed of polyester that was inpregnated with the
pol i shing agent as cleaning agent. - 15 The rows in tables 2, 3 and 4 that
i ndicate€ these experinents make it clear that the m croroughness was able
to be reduced further by neans of this additional neasure. 5 - 16 - Patent
claims 1. A nethod for polishing a substrate conposed of sem conductor
material, conprising at |east one



5 polishing step of type A by nmeans of which the substrate is polished on a
pol i shing pad containing an abrasive material bonded in the polishing pad,
wherein a polishing agent sol ution-i sei ntroduced between the substrate and
t he polishing pad during the polishing 10 step; and at |east one polishing
step of type B, by nmneans of which the substrate is polished on a polishing
pad containing an abrasive naterial bonded in the polishing pad, wherein a
pol i shi ng FpRrtsI4Ad4Rs cont ai ni ng unbonded abrasive material is introduced
15 between the substrate and the polishing pad during the polishing step.

2. A nethod as alneg Ialnt §$ere|n th O|IShIn step of type Bis
per f or med for eLpedr % PR 150 Ag B GEe y e R°S§d THE net hod as
cl ai med irtsémﬂdnﬁhumtdﬂ alme?erlmmerel&bmﬁmn$mﬁgstnaug sueasef type A and the
pol i shi st.ep ty B ar g perfarnmed o the sane 5 plate. 4.
The net Qﬁ%%ﬁﬁi ﬁbdeﬁh Ialnt Yér gﬁél mﬁﬁ%?eiﬁ h@g ﬁlsﬁ "Rg step of
type A andsﬂhaqﬂﬁu&#umgp03i3m6®fonypepBlaﬁ@ip@rmmwnnbmﬁaxhiﬂ@remt

pol i shi ng i cl to 4,
conpr|S|ng%§}#%§§f%§é%r $F ﬁ@ﬁ@@@tg% %b% %Eﬁ éhﬁﬂplé%%ﬂsgg ich the
substrate ixs B@ltéheagbf&ﬁ%ﬁhsseguhlgﬁ p§I|Shthgd@9@i|@aﬂﬂa@m-nbh%bra5|ve

material ishondede ¥HEraiHe apegtgﬁtwgp%@enaueteérxh%ongewmgn nbonded
abra5|ve material is introduced between the substrate and the poflishing pad

duringlPhe 38R shihg Sfepleastfzone polishing step of type B,
means of which the substrate is polished on a polishing

pad containing an abrasive material bonded in the
polishing pad, wherein a ©polishing agent slurry
containing unbonded abrasive material is introduced

15 Dbetween the substrate and the polishing pad during the
polishing step.

2. A method as claimed in c¢laim 1, wherein the
polishing step of type B is performed before or after
20 the polishing step of type A.

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

wherein the polishing step of type A and the polishing

step of type B are performed on the same polishing
25 plate.

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

wherein the polishing step of type A and the polishing

step of type B are performed on different polishing
30 plates.

5. The method as claimed in any of claims 1 to 4,
comprising at least one polishing step of type C, by
means of which the substrate is polished by means of a
35 polishing pad in which no abrasive material is bonded,
wherein a polishing agent slurry containing unbonded
abrasive material is introduced between the substrate

and the polishing pad during the polishing step.



6. The nmethod as clainmed in any of clains 1 to 5 wherein the polishing
agent slurry contains one or nore oxides of the elenents alum num cerium
or silicon as 5 abrasive material. -717The nethod as clained in claim®6,
wherein the polishing agent slurry has a solids proportion of 0.25 to 20%
by weight. 10 8. The nethod as clainmed in claim6 or claim7, wherein the
polishing agent slurry contains an oxidizing agent and the substrate

conpri ses germanium or contains germanium 15 9. The method as clained in

claim1l, wherei midiemepRbiShisNdcBgeméd Sahutdp e@ntalisnaan10Xi4li Bi ng agent
germani um 20 10. The

and the subﬁggate qﬁﬁgrlses ernanlun1or cont ai ns

met hod as I RP b¥S rﬁ?%??cF%Prr¥WEﬁ%ﬁ?ﬂT%eo%%l?Ehmﬂﬁepad is

cl eaned duraxng:l% pof i shieng:1esteapn hya bumd ean ngeagent oieidigl it rabut ed on
the polis aid of an open-pored foam body. 25 11. The

met hod gs C égﬁg' :%%ﬁ%g%ficlalns 1 to 10, wherein the substrate is etched
or cleaned after a polishing step of type A or of type B or after both

polishing sieps.the method as claimed in claim 6, wherein the

polishing agent slurry has a solids proportion of 0.25
to 20% by weight.

10
8. The method as c¢laimed in claim 6 or claim 7,
wherein the ©peclishing agent slurry <contains an
oxidizing agent and the substrate comprises germanium
or contains germanium,

15
9. The method as claimed in claim 1, wherein the
polishing agent solution contains an oxidizing agent
and the substrate comprises germanium or contains
germanium.

20
10. The method as claimed in any of claims 1 to 9,
wherein the polishing pad is cleaned during a polishing
step by a cleaning agent being distributed on the
polishing pad with the aid of an open-pored foam body.

25
11. The method as claimed in any of claims 1 to 10,
wherein the substrate 1s etched or c¢leaned after a
polishing step of type A or of type B or after both
polishing steps.





