10

15

20

25

30

35

- 1 - Method for polishing a substrate conposed of
sem conductor material The invention relates to a
net hod for polishing a 5 substrate conposed of
sem conductor material, which nethod conprises at
least two different method steps. At |east one step
of the nethod is a polishing step by neans of which
the substrate is polished on a polishing pad
contai ning an abrasive material bonded in the 10
pol i shi Hgthed . fMORA/ish4dad Al selesirdtec coapbaedsefige
pol i shing met hod, gLanpri ol i shing step,
in which the substTate ??hgg??éﬁiﬁﬁiﬁﬁa pol i shing pad
contai ning an 15 abrasive material bonded in the

p@HeSh'lﬁgeﬁﬁgenAﬂé@a't%Q' nQoStaepméﬂhwl Cffbrsuﬁblﬁshlng a
pol i shi ng pad - [led ! d- abr asi g? “wHiSh
Pt te el arrit 15 néter REPE BT S A SPERT TS
sherthodTherpuisequertt lsecand ol dshiaugndt epptéfod rteps.
;e\%)chsfeaa%%l ROl %ttl.:q go'fE?:HQdmthbé aschefitlhing step by

ani ca the substrate on a poli shing
patEadEntodi M Eﬁghnéhﬁoﬁ%'btraﬁd%%ﬁ%@oﬁﬁﬁg??a?n AP AST S/ E 9
MRS | @onksihihgodicedvhasevin mdtefieinm bbndes| utny the
bet .t he_sybstrate and the polishing pad. Such a
p@%ﬁ%? 95PBP is referred to hereinafter as CVWP 25
step for short It is used in the two-stage polishing
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polishing step; and at | east one

pollshlng step of type B, by neans of which the

suhstr ave7i sopolaished @m\eaeg@m;s@i of pad (f(antaitmamg FAP

an aprasie neberial bpndeshifudig Rl SBhAgPad yaters

wWhaT &% 24 po irshirng a ?urry ontar ning abrasive

mathdabal ha ¥ | met 0d8E edraletalBe nCOPRATATY St § 1l ¥ A ¢ 5t HePT™

PRloshi RGehad duUkFaget henmﬂqshltm@ sbamlshﬁn@xa@apl esuch

enbodlneg the | i shing steps_of :%ﬁ? A.and £%g

arsET OBt R hs VAT AP dtepl STHRY T dr HHPPR

t hercpmldeshiaty stepstof btype Ba&epeﬂlsﬁmmgaagenmhgbbrrwﬁ

c ;0] bon rasi ihal ag,s0l i g 1 Spinimal

%ﬂﬁo S%gg %gtmeggg?ﬁg si%%frg?gﬁgﬁd tﬁg§polgsh|ng *

pé&CIWﬁUPQhPﬁS?h%n%dﬂq%ﬂﬁQH§9§?8BYof type A, the

pol i shing agent slurry is replaced by a polishing

agent sol ution which, as the expression already

describes, is free of solids. The expression

pol i shing agent is used hereafter as a generic term

for polishing agent slurries and polishing agent

sol uti ons. The proportlon of abraS|ve naterlal |n t he



The polishing agent solution is water in the sinplest
20 case, preferably deionized water (DIW having the
custonmary purity for use i the sem conductor
i ndustry. However, the polishing agent solution can
al so contain conpounds such as sodi um car bonat e
(Na2003) potassium carbonate (K2CO3), sodium
hydr oxi de (NaOH), potassium 25 hydroxi de (KOCH),
5 A0 unayeivgedraes ( NEMOH) g r deidaneihy| amponieim polishing
hydr oxi de (TMAH) or any desired m xtures 1_Jtsdtj-wﬂereof. Itn rial
nepied case, TS FREH t RERPRIFShPhg St SOt o™ -© '
referabl y. | ] it hi t: 12ss anel pdvecicular
w%%%pol?%qjoé/nd o(#pt %M%%n}g%%%%gﬁl%&%%ﬁ o%%d in 30 the #
wpoh i shyangl agenhes oligtricamuichngeéf-erably 0.01 to 10% by
wei ght. The polishing agent solution can furthernor
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If substrates with layers 5 to be polished, the
pol i shing agent slurry or or both can contain
addi tive. Suitable oxidizing agents are hydrogen
per oxi de (H202) and ozone (03). The additive converts
10 germaniuminto a water-sol ubl e conmpound. Wt hout
the additive, germani um containing particles can
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15 The nethod can be carried out in the formof a

doubl e-side polishing in principle. In this case,

bot h sides of a sem conductor wafer are polished

simul taneously. A particularly suitable area of
application is single-side pplishing, 20 however. In
this case, substrates having a |arge dianeter, for
exanple sem conduct or wafers conposed of silicon
having a dianeter of 300 nm are usually polished .
simgl y Th¥V tdbralsd vai dratferd siol ¢gipmgesead, ralteyiate that
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alcohols and complexing agents.

The polishing agent solution is water in the simplest
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 (Na;C0O3) potassium
carbonate (K;CO3), sodium hydroxide (NaOH), potassium
hydroxide (KOH) , ammonium hydroxide (NH40H) ,
tetramethylammonium hydroxide (TMAH) or any desired
mixtures thereof. In this case, the pH of the polishing
agent solution preferably iies within a range of 10 to
12, and the proportion of the compounds mentioned in
the polishing agent solution is preferably 0.01 teo 10%
by weight. The polishing agent solution can furthermore
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 complexing

agents.



equally be carried out on single-plate and

mul ti-plate polishing machi nes. The use of

nmul ti-plate polishing 10 machi nes havi ng preferably

two or three polishing plates and polishing heads is

preferred, such that a corréspondi ng nunber of

substrates can be polished sinultaneously. D fferent

pollshlng pads and different polishing agents can i
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fromthe polishing plate, and continuing to polish

the substrate at this reduced polishing pressure

until lift-off fromthe polishing plate. A further
preferred nmeasure consists in cleaning the polishing
pad using a 35 cl eaning ageri,- by distributing the

cl eani ng agent on the polishing pad wwth the aid of

an open-pored foam body. This is preferably done in
situ, that is to say during th | i_shi t ted
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correspondi ng polishing in which polishing steps 2
and 3 were.polishing steps of type B. Furt her
experiment parameters are summari zed in the 20
foll owi ng table.



10 - Table 1 Polishing step 1 Exenpl ary enbodi nent

Conpar ative exanple Type A A Polishing agent K2CO3
sol ution (0.2% by wei ght K2CO3 proportion) K2CC3
solution (0.2% by weight K2CO3 proportion) Polishing
agent flowrate 3000 M/ mn-83@00 m /mn Duration 60
to 300 s 60 to 300 s Polishing pressure 7

psi (48. 26kPa) 7psi (48. 26kPa) Polishing step 2
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of the polishing head and of the polishing plate. In
this case, the polishing head can initially also be

moved translationally over the polishing pad, whereby

more comprehensive use of the polishing pad area is

obtained.

Furthermore, the method can
equally be carried out on single-plate and multi-plate

polishing machines. The use of multi-plate polishing
machines having preferably two or three polishing
plates and polishing heads 1is preferred, such that a
corresponding number of substrates can be polished
simultaneously. Different polishing pads and different

polishing agents can also be used in this case.

The method uses at least cne
polishing pad containing an abrasive material bonded in

the polishing pad. Suitable abrasive materials comprise
for example particles of oxides of the elements cerium,
aluminum, silicon, zirconium and parxticles 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
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
polishing pads are contained for example in WO 92/13680

Al and US 2005/227530 Al.

The method comprises in each
case at least one polishing step of type A and of type

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 &
particularly preferred embodiment of the method, the



Type B A Polishing agent G anzox 3900 *) (1% by
wei ght Si 02 proportion) DI WPolishing agent flow rate
350 M/mn 350 mM/mn Duration 120 $ 120 s Polishing
pressure 7 psi(48.26 kPa) 7 psi(48.26 kPa) Polishing
step 3 Type B A Polishing -agent 3 anzox 3900%*)
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polishing is temporally subdivided into at least three
substeps 1, 2 and 3, wherein process parameters that
control the mean material removal (MR), such as
polishing agent, polishing agent flow rate and
polishing step duration, for example, are controlled in
such a way that a mean material removal results which
in substep 1 is greater than that in substep 2, and in
substep 2 it is greater than or equal to that in
substep 3. Of substeps 1, 2 and 3, at least one substep
is configured as polishing step of type B and at least
one substep is configured as polishing step of type B.
Substep 1 is preferably embodied as polishing step of
type A, substep 2 preférably as polishing step of type
B, and substep 3 either as polishing step of type A or
as polishing step of type B.

The method can comprise
further polishing steps, for example a CMP step, which

is referred to here as polishing step of type C. Such a
polishing step 1is preferably carried out after a
polishing step of type A or type B. Furthermore, the
substrate can be etched or cleaned, for example using
an alkaline etchant and/cr using an etchant having an

acidic pH, after a polishing step of type A or type B.

The efforts to reduce the microroughness 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,
preferably 5 to 300 s before the substrate is raised
from the polishing plate, and continuing to peolish 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
cleaning agent, by distributing the ¢leaning agent on
the polishing pad with the aid of an open-pored foam
body. This is preferably done in situ, that is to say
during the polishing of the substrate. The pad cleaning



(1% by wei ght Si 02 proportion) DIWPolishing agent
flowrate 350 M/mn 350 M/mn Duration 10 s 10 s
Pol i shing pressure 3.5 psi(24.13kPa) 3.5

psi (24.13kPa) 5 *) danzox 3900 is the product namne
for a polishing agent slurry ®ffered by Fujim

I ncorporated, Japan, as a concentrate. The
concentrate having a pH of 10.5 contains

approxinmately 9% b i_ght..of ¢ ' . S Vi
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121nidﬁﬂﬂdh@bness is 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 Sic.sGeo.2. 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 pelished
surface. The individual-wafer polishing machine
configured in particular for development 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 <an be applied to the movable

retainer ring by means of compressed air bellows in

order thus to pretension the polishing pad upon contact



Chapman Pol i shing stepl Duration(s) RMS roughness
[Angstroml MR [nn] Filter length [pm 250 80 30 10
Exenpl ary enbodinment 1 60 1.17 0.81 0.51 0.19 210
Exenpl ary enbodi nent 1 150 1.13 0.79 0.49 0.18

- G -

with the substrate and to keep it plane. For the
comparative examples and exemplary embodiments, an FAP
pad from 3M Corp., USA, was used, having abrasive
particles of cerium oxide (Ce0;) bonded therein and

having an average grain size of 0.55 pm.

In a first series of experiments, both the
semiconductor wafers of the first comparative example
and the semiconductor wafers of the first exemplary
embodiment was subjected to a three—étage polishing
method, polishing steps 1, 2 and 3. In the case of the
comparative examples, polishing steps 1, 2 and 3 were
without exception polishing steps of type A. In
contrast thereto, the semiconductor wafers of the
exemplary embodiments were subjected to a corresponding
polishing in which polishing steps 2 and 3 were

polishing steps of type B.

Further experiment parameters are summarized In the

following table.



280 Exenpl ary enbodi nent 1 270 0.92 0.61 0.38 0.15
450 Exenpl ary enbodi nent 2 270 0.72 0.45 0.27 0.11
420 Conparative exanple 1 60 11.59 8.92 5.47 1.78 190
Conparative exanple 1 160 7.69

- 10 -
Table 1
Polishing step 1 Exemplary Comparative
embodiment example
Type A A

Polishing agent

K2CO3 solution
{0.2% by weight
K2C0Os proportion)

K;CQz sclution

(0.2% by weight KaCOj3

proportion)

Pelishing agent

3000 mi/min

3000 ml/min

flow rate
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 Glanzox 3900 *) DIW
(1% by weight 35i0;
propertion)
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
Pelishing 3.5 psi {24.13 kPa) 3.5 psi (24.13 kPa)
pressure

*) Glanzox 3900 is the product name for a polishing

agent slurry offered by Fujimi Incorporated, Japan, as
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5.62 3.28 1.07 270 Conparative exanple 1 300 5.79
4.24 2.47 0.80 460 Conparative exanple 2 300 3.97
3.05 1.92 0.66 520 - 13 - Table 3 SP-1 Polishing
stepl Duration [s] "Haze"[ ppn]

_ll_

a concentrate. The concentrate having a pH of 10.5
contains approximately 9% by weight of colloidal S5i0q
having an average particle size of 30 to 40 nm. The
Si0, proportion indicated in the table is based on the

polishing agent.

After polishing, the semiconductor wafers were cleaned,
dried and examined with regard to the residual
microroughness. Three different measuring methods were
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
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="obliqué“,
N="normal") . The third measurement was an  AFM
measurement (Yatomic force michSCOpy", AFM) on a

square measurement area of 10 pum x 10 pm in the centre
and 1lmm from the edge of the semiconductor wéfers,
which is likewise nused for determining the RMS

roughness.

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



Channel node OAM DNN DWO DNO Exenpl ary enbodi nent 1
60 0.588 0.836 0.369 0.047 Exenpl ary enbodi ment 1 150
0.508 0.704 0.329 0.039 Exenplary Enmbodi ment 1 270
0.384 0.487 0.275 0.032 Exenpl ary enbodi nent 2

- 12 -
Table 2
Chapman Polishing MR
step 1 { RMS roughness [Angstrém] [nm]
Duration({s)
Filter length 250 80 30 10
— [ pm]
Exemplary 60 1.17 g.81 0.51 | 0.19 (210
embodiment 1
Exemplary . 150 1.13 0.79 | 0.49 ] 0.18 | 280
embodiment 1
Exemplary 270 0.92 0.61 0.38 |0.15 450
embodiment 1
Exemplary 270 0.72 0.45 0.27 (0.111420
embodiment 2
Comparative 60 11.59 | 8,92 5.47 (1.78 [ 190
example 1
Comparative 160 7.69 5.62 3.28 11.071]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




270 0.326 0.264 0.225 0.020 Conparative exanple 1 60

1.497 4.712 1.405 0.134 Conparative exanple 1 160
1.346 4.391 1.061 0.117 Conparative exanple 1 300
1.127 3.947 0.800 0.099 Conparative exanple 2 300

- i3 -
Table 3
5p-1 Polishing
step 1 "Haze" [ppm]
Duration {[s]
Channel mode DRN DNN DWO DNO
Exemplary . 60 0.588 | 0.836}0.369|0.047
embodiment 1
Exemplary 150 0.508 10.70410.329}0.038
embodiment 1 _
Exemplary 270 0.384 | 0.487;0.275(0.032
Emnbodiment 1
Exemplary 270 0.326 {0.264(0.225)0.020
embodiment 2
Comparative 60 1.497 | 4.712]1.40510.134
example 1
Comparative 160 1.346 [4.3911.061}10.117
example 1
Comparative 300 1.127 | 3.94710.8000.099
example 1
Comparative 300 1.005 {3.582|0.706|0.094
example 2




1.005 3.582 0.706 0.094 - 14 - Table 4 AFM
Polishing step 1 Duration (s) RMS roughness

[ Angstrdm Position Center Edge-1mm Exenpl ary

enmbodi nent 1 60 1.25 1.11 Exenplary enbodi ment 1 150
1.24 1.08 Exenpl ary embodiment. 1 270

Table 4
AFM Pclishing 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 27¢ 0.98 Q.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

The tables show that significantly lower "haze" and RMS
roughness values <can be expected 1if polishing 1is

effected according to the invention.

The above experiments in the first series of
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
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.



1.05 0.93 Exenpl ary enbodi ment 2 270 0.98 0.77
Conparative exanple 1 60 3.72 2.23 Conparative
exanple 1 160 2.06 1.69 Conparative exanple 1 300
2.22 1.50 Conparative exanple 2 300 1.81 1.35 5 The
tabl es show that significantly | ower "haze" and RMS
roughness val ues can be é&h%%féd if polishing is

ef fected according to the invention.

"The rows 1in tables 2, 3 and 4 that indicate these
experiments make it clear that the microroughness was
able to be reduced further by means of this additiocnal

measure.
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The above experinments in the first series of 10
experinments (exenplary enbodi nent 1 and conparative
exanple 1) were carried out without in-situ cleaning

of the polishing pad. In a second series of

experinments (exenplary enmbodignment 2 and conparative
exanple 2), further sem conductor wafers of the sane
type were 15 polished in the same way, except that
in-situ cleaning of the polishing pad was
Xadiemtogdiaimscarri ed out using an open-pored sponge
conposed of polyester that was |npregnated Mﬁth t he
pol i shi ng agent as cl eani ng agent.
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ans of e su strat; I|s th
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%;dwhbggt%qgligbsgrat%bras@@é shed 90,8 PELLSBENGin the

polishing pad, wherein a polishing agent slurry

containing abrasive material is introduced between the

substrate and the polishing pad during the polishing
step.

2. A method as claimed in claim 1, wherein the

polishing step of type B is performed before or after

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

plate.

4. The method aé 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

plates.

5. The method as claimed in c¢laim 1, comprising at
least one polishing step of type C, by means of which
the substrate is polished by means of a polishing pad
in which no abrasive material is bonded, wherein a
polishing agent slurry containing abrasive material is
introduced between the substrate and the polishing pad

during the polishing step.
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2. Anmethod as clainmed in claim1l, wherein the
polishing step of type Bis perforned before or after
20 the polishing step of type AL 3. The nethod as
claimed in claim1 or claim2, wherein the polishing
step of type A and the polishing step of type B are
perfornmed on the sane polishing 25 plate. 4. The
method as clained in claim1 or claim2, wherein the
polishing step of type A and the polishing step of
type B are performed on different polishing 30

P at eSppe S jEI?,%dTEEEOdc@§lﬁéél mad |c'].a@i‘nal m Lr claim 5,
conpr|S|ng ' east one ollshgu ste

maeiee ot mmlh%hs%swﬁv*é P 6¥|§§%ﬁab§lgn%3ﬁs°5fmore

%zPlQﬁé§hbf‘g +Pad Shridhivdi ghufRenainy askevéunmteer i sllison as
bonded, wherein a pol i shing agent slurry containing

zﬂﬁ%ﬂﬁ%ﬂ?rﬁﬁ?ﬁq%ﬂ is introduced between the substrate
and the polishing pad during the polishing step. -

The et o 1 b
Y Sma e IR0t gs ol gied 1 CLabmL of Shmim the

sl urry contains one or
mmmmsa@ént helekememss aﬁhﬁﬁ%\ﬁﬁ REPRRF ¢ of 0.25
%% gﬁ{@5|ve material. 7. The nethod as
ai‘ed |n éi m 6, wherein the polishing agent
slurry has a solids proportion of 0.25 to 20% by

Wbﬁ' ghtppd0d®hod as8. cThemset had pabishiég agenein the
lesubstrat e gernanlun1 as ¢l ai ned |n m6

R e h e SE 1 r § LESAYai TR T ki Ut 21 nig age? aﬂgnt and
GOTI | SfifoPerdani uncompontasns gegnmadhennet hod asontains
claimed in claim1, wherein the polishing agent

- BREYont ai ns an oxi di zi ng agent and the

substrate conprises gei mani um or contains ger mani um

3%: 10y, Jhe pethod as chaiped i4n claianl of Gledseih the
erelne?he pollshlng g ﬁp|s cl eaned durin
Hea

oo st img se@pnly 80 P SRR e PRy G TR ogoent

a4 hecpol | shi Hgrped Webhpiieesi d gefrmaniopenopor edntains
foam body. 25 11. The nethod as clainmed in claim1l

cre@gi i, wherein the substrate is etched or
cl eaned after a polishing step of type A or of type B

oer.aftT%{e b?ntel%h%%i%gi ”%15&%8& in claim 1 or claim 2,
wherein the polishing pad is cleaned during a polishing
step by 'a cleaning agent being distributed on the
pollshlng pad with the aid of an open- pored foam body.

11. The method as claimed in c¢laim 1 or claim 2,
wherein the substrate is etched or cleaned after a
polishing step of type A or of type B or after both
polishing steps.



