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30 pend on the pH of the corresponding composition. The pH value of the composition (S) used in
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15 CMP composition, and
(C) water,

wherein the total amount of further additives comprised in the CMP composition is not more

than 1 wt.% based on the total weight of the CMP composition and wherein said further additive
20 is an additive other than particles (A), oxidizing agent (B), or aqueous medium (C) and is not an

additive which is added to the CMP composition only for the purpose of adjusting its pH value.

According to another preferred embodiment, a process for the manufacture of semiconductor

devices comprising the chemical mechanical polishing of elemental germanium, which has been
25 filled or grown in trenches between silicon dioxide, silicon, or other isolating and semiconducting

material used in the semiconductor industry, was carried out in the presence of a CMP compo-

sition having a pH value of 3.5 to 4.5 and comprising

(A) colloidal silica particles, in an amount of from 0.01 to 5 wt.% based on the total weight of
30 the CMP composition,
(B) hydrogen peroxide, in an amount of from 0.4 to 5 wt.% based on the total weight of the
CMP composition, and
(C) water,

35 wherein the elemental germanium has the shape of a layer and/or overgrowth and has a ger-
manium content of more than 98% based on the total weight of the corresponding layer and/or
overgrowth and wherein the total amount of further additives comprised in the CMP composition
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is not more than 1 wt.% based on the total weight of the CMP composition and wherein said
further additive is an additive other than particles (A), oxidizing agent (B), or aqueous medium
(C) and is not an additive which is added to the CMP composition only for the purpose of adjust-
ing its pH value.

According to another preferred embodiment, a process for the manufacture of semiconductor
devices comprising the chemical mechanical polishing of elemental germanium and/or Si1xGex
material with 0.1 < x < 1 was carried out in the presence of a CMP composition having a pH
value of 3.7 to 4.3 and comprising

10 (A) silica particles,
(B) hydrogen peroxide, and
(C) water.

Processes for preparing CMP compositions are generally known. These processes may be ap-
15  plied to the preparation of the CMP composition (S). This can be carried out by dispersing or

dissolving the above-described components (A) and (B) in the aqueous medium (C), preferably

water, and optionally by adjusting the pH value of the CMP composition through adding an acid,

a base, a buffer or a pH adjusting agent. For this purpose the customary and standard mixing

processes and mixing apparatuses such as agitated vessels, high shear impellers, ultrasonic
20  mixers, homogenizer nozzles or counterflow mixers, can be used.

The CMP composition (S) is preferably prepared by dispersing the particles (A), dispersing
and/or dissolving the oxidizing agent (B) in the aqueous medium (C).

25  The polishing process is generally known and can be carried out with the processes and the
equipment under the conditions customarily used for the CMP in the fabrication of wafers with
integrated circuits. There is no restriction on the equipment with which the polishing process can
be carried out.

30 Asis known in the art, typical equipment for the CMP process consists of a rotating platen
which is covered with a polishing pad. Also orbital polishers have been used. The wafer is
mounted on a carrier or chuck. The side of the wafer being processed is facing the polishing
pad (single side polishing process). A retaining ring secures the wafer in the horizontal position.

35 Below the carrier, the larger diameter platen is also generally horizontally positioned and pre-
sents a surface parallel to that of the wafer to be polished. The polishing pad on the platen con-
tacts the wafer surface during the planarization process.

To produce material loss, the wafer is pressed onto the polishing pad. Both the carrier and the
40 platen are usually caused to rotate around their respective shafts extending perpendicular from
the carrier and the platen. The rotating carrier shaft may remain fixed in position relative to the
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carrier is typically, though not necessarily, the same as that of the platen. The speeds of rotation
for the carrier and the platen are generally, though not necessarily, set at different values. Dur-
ing the CMP process of the invention, the CMP composition (S) is usually applied onto the pol-
5 ishing pad as a continuous stream or in dropwise fashion. Customarily, the temperature of the
platen is set at temperatures of from 10 to 70°C.

The load on the wafer can be applied by a flat plate made of steel for example, covered with a

soft pad that is often called backing film. If more advanced equipment is being used a flexible
10  membrane that is loaded with air or nitrogen pressure presses the wafer onto the pad. Such a

membrane carrier is preferred for low down force processes when a hard polishing pad is used,

because the down pressure distribution on the wafer is more uniform compared to that of a car-

rier with a hard platen design. Carriers with the option to control the pressure distribution on the

wafer may also be used according to the invention. They are usually designed with a number of
15 different chambers that can be loaded to a certain degree independently from each other.

For further details reference is made to WO 2004/063301 A1, in particular page 16, paragraph
[0036] to page 18, paragraph [0040] in conjunction with the figure 2.

20 By way of the CMP process of the invention, wafers with integrated circuits comprising a dielec-
tric layer can be obtained which have an excellent functionality.

The CMP composition (S) can be used in the CMP process as ready-to-use slurry, they have a
long shelf-life and show a stable particle size distribution over long time. Thus, they are easy to

25 handle and to store. They show an excellent polishing performance, particularly with regard to
the combination of high germanium MRR and high Ge:SiO: selectivity, and/or the combination
of high germanium MRR and low germanium SER. Since the amounts of its components are
held down to a minimum, the CMP composition (S) and the CMP process according to the in-
vention can be used or applied in a cost-effective way.

30
Examples and Comparative Examples
The pH value is measured with a pH electrode (Schott, blue line, pH 0-14 /-5...100 °C / 3 mol/L
sodium chloride).

35

Ge-cSER (cold static etching rate of a germanium layer) is determined by dipping 1x1 inch ger-
manium coupon into the corresponding composition for 5 minutes at 25°C and measuring the

loss of mass before and after the dipping.
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Ge-hSER (hot static etching rate of a germanium layer) is determined by dipping 1x1 inch ger-
manium coupon into the corresponding composition for 5 minutes at 60°C and measuring the

loss of mass before and after the dipping.

5 Inorganic particles (A) used in the Examples

Silica particles used as particles (A) are of NexSil™ (Nyacol) type. NexSil™ 125K are potassi-
um-stabilized colloidal silica having a typical particle size of 85 nm and a typical surface area of
35 m?/g. NexSil™ 85K are potassium-stabilized colloidal silica having a typical particle size of 50

10  nm and a typical surface area of 55 m2/g. Apart from NexSil™ type particles, other comercially
available colloidal silica particles such as FUSO PL3, Evonik EM5530K, Evonik EM7530K, Aer-
osil 90, Levasil 50CK can also be used and show comparable polishing performance compared
to NexSil™ 125K or NexSil™ 85K.

15  General procedure for the CMP experiments
For the evaluation on benchtop polisher, the following parameters were chosen:

Powerpro 5000 Blhler. DF = 40 N, Table speed 150 rpm, Platen speed 150 rpm, slurry flow 200
20  ml/ min, 20 s conditioning, 1 min polishing time, IC1000 pad, diamond conditioner (3M).

The pad is conditioned by several sweeps, before a new type of CMP composition is used for
CMP. For the determination of removal rates at least 3 wafers are polished and the data ob-
tained from these experiments are averaged.

25
The CMP composition is stirred in the local supply station.

The germanium material removal rates (Ge-MRR) for 2 inch discs polished by the CMP compo-
sition are determined by difference of weight of the coated wafers or blanket discs before and

30 after CMP, using a Sartorius LA310 S scale. The difference of weight can be converted into the
difference of film thickness since the density (5.323 g/cm3 for germanium) and the surface area
of the polished material are known. Dividing the difference of film thickness by the polishing time
provides the values of the material removal rate.

35 The silicon oxide material removal rates (oxide MRR) for 2 inch discs polished by the CMP
composition are determined by difference of weight of the coated wafers or blanket discs before
and after CMP, using a Sartorius LA310 S scale. The difference of weight can be converted into
the difference of film thickness since the density (2.648 g/cm3 for silicon oxide) and the surface
area of the polished material are known. Dividing the difference of film thickness by the polish-

40 ingtime provides the values of the material removal rate.

Objective to be polished: unstructured germanium wafer



NexSi | TM 125K 5 wt. % NexSi | TM 85K 5 wt . % Oxi di zi ng agent (B) H202 0 wt. %
H202 2.5 wt.% H202 5 wt.%pH 3 3 3 Ge-MRR [A/nin] 170 2388 2792 Ge- cSER

[ A/ nin] 2WORBB/@BFO6GCe- hSER [A/ nin] 27 711 1379 Rati o GePNREBLO2/ESSTSER 6. 3
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Standard procedure for slurry preparation:

The components (A) and (B) — each in the amounts as indicated in Table 1 — were dispersed or
dissolved in de-ionized water. pH is adjusted by adding of aqueous ammonia solution (0.1% -

5 10%), 10% KOH solution or HNO3 (0.1 % - 10 %) to the slurry. The pH value is measured with a
pH combination electrode (Schott, blue line 22 pH).

Example 1-8 (Compositions used in the process of the invention) and Comparative Examples
V1-V7 (comparative composition)

10
An aqueous dispersion containing the components as listed in Table 1 was prepared, furnishing
the CMP compositions of the examples 1 to 8 and the comparative examples V1 to V7.

The formulation and polishing performance data and of the CMP compositions of the examples
15 1 to 8 and of the comparative examples V1 to V7 are given in the Table 1:

Table 1: CMP compositions of the examples 1 to 8 and of the comparative examples V1 to V7,
their pH values, Ge-cSER, Ge-hSER data as well as their Ge-MRR and oxide-MRR data in the
process of chemical-mechanical polishing of 2” unstructured germanium wafers using these

20 compositions, wherein the aqueous medium (C) of the CMP compositions is de-ionized water.
The concentration of the components (A) and (B) are specified in weight percent (wt.%) by
weight of the corresponding CMP composition. If the amounts of the components other than (C)
are in total y % by weight of the CMP composition, then the amount of (C) is (100-y) % by
weight of the CMP composition.

25
Comparative Example 1 Example 2 Comparative
Example V1 Example V2
Particles (A) NexSil™ 125K | NexSil™ 125K | NexSil™ 85K NexSil™ 85K
5wt.% 1.5 wt.% 5wt.% 5wt.%

Oxidizing agent (B)

H,0, 2.5 wt.%

H>0, 2.5 wt.%

H-O, 2.5 wt. %

H202 2.5 wt.%

pH

2

4

4

6

Oxide-MRR

Ge-MRR [A/min] 2600 859 1636 1385
Ge-cSER [A/min] | 293 135 149 189
Ge-hSER [A/min] | 1069 515 424 840
Ratio Ge-MRRto | 2.4 1.7 3.9 1.6
Ge-hSER

Oxide-MRR [A/min] | - 177 - -
Ratio Ge-MRRto | - 4.9 - -




(Tabl e 1: Continuation) Conparative Exanple V7 Exanple 5 Exanple 6 Exanple
7 Particles (A) NexSi|TM 125K 0 wt. % NexSi | TM 125K 0.5 wt . % NexSi | TM 85K 1
W . % Nex SVOPM33BRO1E. 5 wt . % Oxi di zi ng agent (B) H202 2. 5PRA/IBH20BE 5 wt . %
H202 2.5 wt.% H202 2.5 wt.%pH 3 3 3 316e-MRR [A/mn] 0 1633 1935 2113
Ge-cSER [A/min] - -

(Table 1: Continuation)

Comparative Comparative Comparative

Example V3 Example V4 Example V5
Particles (A) NexSil™ 85K  [NexSil™ 85K NexSil™ 85K

5wt.% 5wt.% 5wt.%

Oxidizing agent (B)

H>02 2.5 wt. %

H>0, 2.5 wt.%

H-O, 2.5 wt. %

pH

8

10

12

Ge-MRR [A/min] 1975 6510 20808
Ge-cSER [A/min] | 535 1442 2036
Ge-hSER [A/min] | 1920 6271 9928
Ratio Ge-MRR to 1.0 1.0 2.1
Ge-hSER
Oxide-MRR [A/min] | - - -
Ratio Ge-MRR to - - -
Oxide-MRR
(Table 1: Continuation)
Comparative Example 3 Example 4
Example V6
Particles (A) NexSil™ 125K [ NexSil™ 125K | NexSil™ 85K
5wt % 5wt.% 5 wt.%

Oxidizing agent (B)

H202 0 wt.%

H>0, 2.5 wt.%

H20, 5 wt.%

pH

3

3

3

Ge-hSER

Ge-MRR [A/min] 170 2388 2792
Ge-cSER [A/min] | 20 159 370
Ge-hSER [A/min] | 27 711 1379
Ratio Ge-MRRto | 6.3 3.4 2.0




Ge- hSER [ A/ i n]
Oxi de- MRR [ A/ i n]

Oxi di zi ng agent (B)

10

15

1109 1000 895 751 Ratio Ge-MRR to CGe- hSER -
0 98 223 334 Ratio Ge-MRR to Oxide- MRR -
(Tabl e 1:WQ@aAt¥yxi8Hbi on) 5 Exanple 8 Particles (A) NexSPCTNBARLHS3B78At . %

1.6 2.2
16.7 8.7 6.3

17
(Table 1: Continuation)
Comparative Example 5 Example 6 Example 7
Example V7
Particles (A) NexSil™ 125K | NexSil™ 125K | NexSil™ 85K NexSil™ 85K
0 wt.% 0.5wt.% 1 wt.% 1.5wt.%

Oxidizing agent (B)

H>02 2.5 wt. %

H>0, 2.5 wt.%

H-O, 2.5 wt. %

H202 2.5 wt.%

pH

3

3

3

Oxide-MRR

Ge-MRR [A/min] 0 1633 1935 2113
Ge-cSER [A/min] | - - - -
Ge-hSER [A/min] | 1109 1000 895 751
Ratio Ge-MRRto | - 1.6 2.2 2.8
Ge-hSER

Oxide-MRR [A/min] | 0 98 223 334
Ratio Ge-MRRto | - 16.7 8.7 6.3

(Table 1: Continuation)

Example 8

Particles (A)

NexSil™ 125K
5wt.%

Oxidizing agent (B)

H>02 2.5 wt. %

pH

3

Oxide-MRR

Ge-MRR [A/min] 2396
Ge-cSER [A/min] | -
Ge-hSER [A/min] | 711
Ratio Ge-MRRto | 3.4
Ge-hSER

Oxide-MRR [A/min] | 617
Ratio Ge-MRR to 3.9

Comparative Example V6, Examples 3 and 4 are listed to show the impact of the addition of
different amounts of H,O, on the polishing performance at pH 3.

Comparative Example V7, Examples 5 to 8 are listed to show the impact of the addition of dif-
ferent amounts of colloidal silica particles on the polishing performance at pH 3.

The CMP processes of the invention using these examples of CMP compositions, especially the

examples 1 and 2, show an improved polishing performance.

2.

8



H202 2.5 wt. % pH 3 Ge-MRR [A/min] 2396 Ge-cSER [A/min] - Ge-hSER [ A/ nin]
711 Ratio Ge-MRR to Ge-hSER 3.4 Oxide-MRR [A/mn] 617 Ratio Ge-MRR to

Oxi de- MRRVQ.2013/0T8tpar at i ve Exanpl e V6, Exanples 3 and 4PeTdBi1Z0¥d7& o show
the inpact of the addition of differentqgnmounts of H202 on the polishing
performance at pH 3. 10Conparative Exanple V7, Exanples 5 to 8 are listed
to show t h&®MSact of the addition of dif- ferent amounts of coll oi dal
silica particles on the polishing performance at pH 3. The CWP processes of

te QSW{DP;’E”E i132du§¢regeh§ghsiﬁemcﬁge of sémfgom&@%mbwéom@r halchymiche
l . rpve L snNin I I L e. .
2013/ 018016PCT/ TRSENS PRI ?ge'?jngﬁ%@erfaﬂ%ﬁf USSP ot win 015, e of

sem con@uct or devilces conprising the chenical nechanical polishing of
e:c ementh al gelr men thepragshcerof Sichem{cakmeetiaidad polishing (BMP) xompasition hdwingxs esence
of a chem ca ni ggw ' I Lkop having a pH value in
t he range of fm ,y%ﬁ]tqbe : @ﬁ'&%%&f.%@?ﬁﬁ%@ Ptrllélﬁg'rrgani c particles,
organi c particl@s, NYIANIGRITIEIEE FIaORELPT O pHAKYET OF qOB)POY e[@éesocf’ one type
of an oxi di zi ngBagehleastame type of an oxidizing agent, and

10 (C) anaqueous medium.

2. Aprocess according to claim 1, wherein the total amount of further additives
comprised in the CMP composition is not more than 1 wt.% based on the total
weight of the CMP composition and

15 wherein said further additive is an additive other than particles (A), oxidizing
agent (B), or aqueous medium (C) and is not an additive which is added to the
CMP composition only for the purpose of adjusting its pH value.

3. A process according to claim 1, wherein the total amount of further additives
20 comprised in the CMP composition is not more than 0.1 wt.% based on the total
weight of the CMP composition and
wherein said further additive is an additive other than particles (A), oxidizing
agent (B), or aqueous medium (C) and is not an additive which is added to the
CMP composition only for the purpose of adjusting its pH value.
25
4. A process according to anyone of the claims 1 to 3 for the manufacture of semi-
conductor devices comprising the chemical mechanical polishing of elemental
germanium.

30 5. A process according to anyone of the claims 1 to 4, wherein the elemental ger-
manium has been filled or grown in trenches between silicon dioxide, silicon, or
other isolating and semiconducting material used in the semiconductor industry.

6. A process according to anyone of the claims 1 to 5, wherein the elemental ger-
35 manium has the shape of a layer and/or overgrowth and has a germanium con-
tent of more than 98% based on the total weight of the corresponding layer
and/or overgrowth.

7. A process according to anyone of the claims 1 to 6, wherein the particles (A) are
40 silica particles.



(© an aqueous nmedium A process according to claim1, wherein the total
anmount of further additives conprised in the CMP conposition is not nore
than 1 wWo2bB4d8016n t he total weight of the CVP conposPCIraR2anos3gfter ei n
said further additive is an additive othgr than parti cles (A) oxi di zi ng
agent (B), or aqueous nedi um (C) an is added to
e WP offnos BRSO oAbtk ole OBl MMsee s 1 (gt aderta
process accor di(Byisthydodganmelioxideher ei n the total anount of further additives
conprised in the CIVP corrposition is not nore than 0.1 wt. % based on the
total weight er ej i,d t her e is an
additive ogher 'At‘?{gﬁe aarcf?grﬂégo(aﬂ o %qg‘?%a'm Ly %%V é%mhe ammﬂﬁ’% ééryredl

(O and5is not %(ﬁddﬁ'ﬂlt%ra\mﬁﬁ@ﬁ rorg Ogictecd wb%tméemet%tﬁ%wwhbwtbw y for

t he purpose of @dpuskipogitiod.s pH val ue. A process according to anyone of the
claims 1 to 3 for the manufacture of sem conductor devices conprising the

chem cal nechani cal polishing of el enental ge iym A _proces cor di ng
to anyone df tleepreF%Sr?é:C‘irdtr@q&a”Wf@rgi”P‘P g‘ﬁ@%e{g"ngﬂ‘flf‘ﬂe' Wfﬁnoﬁ%@ been
filled or grownpxidizing agerth€B) ibat thve eangsi dfiftoon0.ditokivdgy basdd euthe talal weiblir

i sol atiqgg and sgMLEONMPUTNEitiBRt eri al used in the sem conductor industry. A
process according to anyone of the clains 1 to 5, wherein the el enental
germani um has t he shape of | ayer and/or overgrowth and has a germani um
content of 1ﬁnré\mfﬁ9¢ﬁ39®wfl§‘ﬁ§eté apyonenef th@@laqm%f’cgm wheraim et yaldpehiiPng

| ayer and/ or ovemBrcomipBsitidhn Brivdesange 6ofah B toet.aanyone of the clainms 1 to
6, wherein the particles (A are silica particles. V\D

2013/018016PCT/ 1B2012/ 053878 19 rocess accordin an e of the
clai ms 1 t d27, ApreFessRoend! %Jpanwfr?g(%d@%ﬁ?m% 9%l 8}?%@?&9!@ S9. A
process accor dltrmgrtaeaanymzﬂieeofSOHQS@Imdmnmrrses8 V\/ner ein the amount of
parti- 5cles (A is in the range of fromO0.01 to 5 w. % based on the total

wei ght of the co itio rocess aceor anpyon e
claims 1 to 9, erc8ﬁi&ﬁ ﬁ&'caﬂ?ﬁ‘[}ﬁféso?“ ThameK| cf){%l(zf\rlonggglil %’q'(tB?%% 554 ﬁa ”514;
range of from 0.4 tletawaightpiihe &MREOTPRSIAR al wei ght 100f the CIVP
conposizpi on. 1YB) Ahpdn@g@ﬁ%eﬁﬁ(m[ ih &g afnouatnyfdroen 0f4 fohewe.Pabasedlor thelibtal

wherein the pH vaI g fPrge gﬁlqop]l is in the range of from3.7 to
4.3. 1512. A process ccordi ng to nyone of the clains 1 to 11, wherein the
CVP conposi - til&m N¥&e™a pH value of 3.0 to 5.5 and conprises: (A) coll oidal

silica particles, in an anount of fromO0.01 to 5 wt. % based on the total
wei ght  of the Cawawmmn%éto@gr,aw%%ﬁ)ffmr@gamv&eémr@ed il the WMREBMPbsiOf

f 0. t] d
(E:;)mwat2 r and \A/F?é‘r%f‘ﬂ Wé;’qﬁ%q Ewtma \Aeltﬂ?g?t%%‘?"é}éé’%/fl@gg%gﬁ{ ﬁgredainn
the CMP conposiand \QfBBFGIDG‘vﬁ'dl fyrtfmrtadﬁtweI&mwdﬂlwmot%rﬁwrwe&H’é @@Q'QPQ wei ght

of the CVP conpafent (B) oratdievdiemedionms@) andl i idiah aaldﬁivé MM&BhI|§adﬂedaddhetl ve
ot her than part medium (C) and is
not an additive é'\?\‘h H%émggéh‘glf% H‘?R%%OK Stlﬂ n on y for the purpose

of adjusting its pH value. 3013. A process accordl ng to anyone of the
cl ai ns 3D t 01312,A pioeess atcbhiingstelapgonerofttize ofingeet batid, wvherain #id sedamtivithi @xi de i s

more than 4.5: lydnbRiukEBaiiRoh Giokiae isTRbRY ihah 4T MMMRkedaRd & the material re-

moval rate.

14. Use of a CMP composition having a pH value in the range of from 3.5 to 4.5 and
35 comprising

(A) inorganic particles, organic particles, or a mixture or composite thereof,
(B) atleast one type of an oxidizing agent, and
(C) an aqueous medium

40
for chemical-mechanical polishing of a substrate comprising an elemental ger-
manium layer and/or overgrowth.
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