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EP 2 533 274 A1 discloses a chemical mechanical polishing aqueous dispersion comprising (A) 
silica particles that include at least one functional group selected from a group consisting of a 
sulfo group and salts thereof, and (B) an acidic compound. 

Objects of the embodiments disclosed herein 

5 One of the objects of the embodiments disclosed herein is to provide a CMP composition and a 
CMP process especially for the chemical-mechanical polishing of lll-V materials, particularly 
GaAs and InP substrates which are utilized in the front-end-of-line (FEOL) IC production to form 
transistors, and showing an improved polishing performance, especially 

(i) a high material removal rate (MRR) of a lll-V material, for example GaAs and/or InP, 

10 (ii) high surface quality of the lll-V material, for example GaAs and/or InP, after the CMP 
step, 

(iii) safe handling and reduction of hazardous by-products - for example the toxic gasses 
AsH3 and/or PH3 in case of polishing GaAs and/or InP - to a minimum, or 

(iv) or the combination of (i), (ii) and (iii). 

15 Moreover, a CMP process was sought that is easy to apply and requires as few steps as possi­
ble. 

Summary 

j Aee0fdfR§-te-a-f4f&t-aspeet-©f-the-f>feseRt--dtse(osyFer-aA chemical-mechanical polishing (CMP) 
composition is provided comprising the following components: 

20 (A) surface modified silica particles having a negative zeta potential of -15 mV or below at a 
pH in the range of from 2 to 6, 

(B) N,N,N',N'-tetrakis-(2-hydroxypropyl)-ethylenediamine or methanesulfonic acid, 

(C) water, 

(D) optionally one or more further constituents, 

25 wherein the pH of the composition is in the range of from 2 to 6. 

In an aspect, there is provided the use of a chemical-mechanical polishing (CMP) composition 
for polishing a substrate or layer containing one or more lll-V materials wherein the chem­
ical-mechanical polishing composition comprises the following components: 
(A) surface modified silica particles having a negative zeta potential of -15 mV or below 

30 at a pH in the range of from 2 to 6, 
(B) N,N,N',N'-tetrakis-(2-hydroxypropyl)-ethylenediamine or methanesulfonic acid, 
(C) water. 
(D1) hydrogen peroxide in an amount of from 0.01 to 5 wt.~% based on the total weight of 

the CMP composition. 
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(D) optionally one or more further constituents, 

wherein the pH of the composition is in the range of from 2 to 6 and wherein the surface modi­
fied silica particles of component (A) having a negative zeta potential of -15 mV or below at a 
pH in the range of from 2 to 6 are silica particles anionicallv modified with metallate ions or mod­
ified with sulfonic acid. 

In a further aspect, the present disclosure relates to the use of N,N,N',N'-tetrakis-(2-
hydroxypropyl)-ethylenediamine or methanesulfonic acid as an additive for a chemical-
mechanical polishing (CMP) composition, preferably as an additive for a chemical-mechanical 
polishing (CMP) composition comprising surface modified silica particles having a negative zeta 

10 potential of -15 mV or below at a pH in the range of from 2 to 6. A preferred use as defined 
above is the use of N,N,N',N'-tetrakis-(2-hydroxypropyl)-ethylenediamine or methanesulfonic 
acid as an additive for a chemical-mechanical polishing (CMP) composition, wherein the addi 
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tive is an additive for increasing the removal rate of a lll-V material, wherein the lll-V material is pref­
erably selected from the group consisting of GaN, GaP, GaAs, GaSb, AlAs, AIN, InP, In As, InSb, 
InGaAs, InAIAs, AIGaAs, GaAIN, GalnN, InGaAIAs, InGaAsP, InGaP, AllnP, GaAISb, GalnSb, 
GaAIAsSb and GalnAsSb. 

According to a further aspect embodiment of the disclosure there is provided a process for the manu­
facture of semiconductor devices comprising the chemical-mechanical polishing of a substrate or 
layer in the presence of a chemical-mechanical polishing (CMP) composition as defined hereinabove 
or hereinbelow. 

In a further aspect, there is provided a process for the manufacture of semiconductor devices com-
10 prising the chemical-mechanical polishing of a substrate or layer in the presence of a chemical-

mechanical polishing (CMP) composition as defined above, wherein the substrate or layer contains 
one or more lll-V materials. 

Generally, the semiconductor device which can be manufactured by the process as defined above is 
not particularly limited. Thus the semiconductor devices can be electronic components comprising 

15 semiconducting materials, as for example silicon, germanium, and lll-V materials. Semiconductor 
devices can be those which are manufactured as single discrete devices or those which are manu­
factured as integrated circuits (ICs) consisting of a number of devices manufactured and intercon­
nected on a wafer. Semiconductor devices can be two terminal devices for example a diode, three 
terminal devices for example a bipolar transistor, four terminal devices for example a Hall effect sen-

20 sor or multi-terminal devices. Preferably, said semiconductor device is a multi-terminal device. Multi-
terminal devices can be logic devices as integrated circuits and microprocessors or memory devices 
as random access memory (RAM), read only memory (ROM) and phase change random access 
memory (PCRAM). Preferably said semiconductor device is a multi-terminal logic device. In particular 
said semiconductor device is an integrated circuit or microprocessor. 

25 In an embodiment, the present disclosure relates to the use of a chemical-mechanical polishing 
(CMP) composition as defined hereinabove or hereinbelow for polishing a substrate or layer contain­
ing one or more lll-V materials wherein the or at least one of or all lll-V materials are preferably se­
lected from the group consisting of GaN, GaP, GaAs, GaSb, AlAs, AIN, InP, In As, InSb, InGaAs, 
InAIAs, AIGaAs, GaAIN, GalnN, InGaAIAs, InGaAsP, InGaP, AllnP, GaAISb, GalnSb, GaAIAsSb, and 

30 GalnAsSb. 

tf> a fafthef aspect, thereis provided the use of a ehemieal-meohanieal polishing (CMP) composition 
a&-0efined--hefeif>above--or hereiflfeetew4er po I i shi ng-a -sutetrate-of-layef^ontaming-one -of-mefe4ii-V 
maiefta+s-r 

Preferred embodiments are explained in the claims and the specification. It is understood that combi-
35 nations of preferred embodiments are within the scope of the present disclosure. 

In a preferred process according to the present invention the substrate or layer contains one or more 
lll-V materials. Preferably the one or at least one of or all the lll-V materials are selected from the 
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group consisting of GaN, GaP, GaAs, GaSb, AlAs, AIN, InP, InAs, InSb, InGaAs, InAIAs, AIGaAs, 
GaAIN, GalnN, InGaAIAs, InGaAsP, InGaP, AllnP, GaAISb, GalnSb, GaAIAsSb and GalnAsSb. 

A semiconductor device can be manufactured by the process of the invention. Said process prefera­
bly comprises the chemical mechanical polishing of a substrate or layer - preferably a 
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Claims 

1. Use of a Gchemical-mechanical polishing (CMP) composition for polishing a substrate or 
layer containing one or roo~c. V'-V materials wherein the chemical-mechanical polishing" 
composition cbmpriseseefftpt4sm§ the following components: 

5 (A) surface modified silica particles having a negative zeta potential of -15 mV or below 
at a pH in the range of from 2 to 6, 

(B) N,N,N',N'-tetrakis-(2-hydroxypropyl)-ethylenediamine or methanesulfonic acid, 
(C) water, 
(D1) hydrogen peroxide in an amount of from 0.01 to 5 wt.-% based on the total weight of 

10 the CMP composition, 
(D) optionally one or more further constituents, 
wherein the pH of the composition is in the range of from 2 to 6 and wherein the surface 
modified silica particles of component (A) having a negative zeta potential of -15 mV or be­
low - _ ' i in the range of frc . s 6 are silica particles anionicallv modified with metal-

15 late ions or modified with sulfonic acid. 

.tir**"* f In I rt rn AAm s-t •rt.o-ffr IAPI yrj inn f-il/itry* •j ss.'l4* l"5.,r» i ir i ^\^Twr^~^t7riT|^^OTtTOTi &s o orattTT !i^i^?TrT^?rtvr^oaT 
i~f't /->/•! g>s f sr^-'-v nnr4'.s/^Sr^g°i r\-f f. 8 *•><-%y\y\4>•^1^41 1 <~vf fl £~L ryyV/ 

'rCiX>X2iTiXjX3'TTP£PCr^nr<£?G \7?Xj'r'fT^J^TfT^TTi.%7% f TTQ 9TI rCf Cf TTC^'CTTFvcXvICTj^wTC-T ? Owl \J T I viTTf 

0sr. .ofr <*s i-nLi art r-s rt m O 4*/% fi ..OL.rt *"t an; iAn t ly? T ij^r/TKlTvCkt Q |™r"1 |rT^7^™T0!T^C"uf i1 UTTTX'TOW wrv ^JTWZPZf'' pCXFXT wltl,» CXfcXi ITwTTlX^a! t JiTTC70TnXJ13™WTu~l 

•tTO#ffie4^'ft^ellmi€-aefdT Use according to claim 1, wherein the or at rn-v^TUJJx^xJTizrrrz: 
20 least one or all of the lll-V materials are selected from the group consisting of GaN, GaP, 

GaAs. GaSb, AlAs, AIN, InP, InAs, InSb, InGaAs, InAIAs, AIGaAs, GaAIN, GalnN, In­
GaAIAs, InGaAsP, InGaP, AlfnP; GaAISb, GalnSb, GaAlAsSbTand GalnAsSb. 

3 1 {or\ rv* ^ I r%r^iisr^h%»r%n r\ rvt f N t"%. r» t-fsr\ OPOArHinn +/-\ A AT 0 ufi->AfAir» r cSUovJI Ull ly LVJ olca 1111 I L/l c~, vvl lei tJIt I 

theTsurface modified silica particles of component (A) having a negative zeta potential of -
25 15 mV or below at a pH in the range of from 2 to 6 are silica particles anionically modified 

with metallate ions selected from the group consisting of aluminate, stannate, zincate, and 
plumbate. 

I A I ICQ /Qf\/jO\ if-\ am/ r"*lo imc *1 9 r\r H. Uoc ^^^Lrvirn|^^!rn.ix?TT^c*ooL/i UIII ty diiy wi oicaiiito i, ui 

3, wherein the surface modified silica particles of component (A) having a negative zeta 
30 potential of -15 mV or below at a pH in the range of from 2 to 6 are silica particles anioni­

cally modified with aluminate. 

IC | l-> /"S fvt * ^ •*"* I.. •*''%.<?> "**» 1 rrt^ / f""* & /S D \.. m.a AP Qi^pnrrlinn to onv/ 1 o i m \j. wDw xr7i~it^TTn\jc>rr"FFTC>t3t"tai iTOTrrrTy'' \^zj'Vf\T j XA,j\ rrpwoi TFWrr awui MII ly CM \y |JI C7V/WVJII ly oictii 11, 

wherein 
the total amount of (A) surface modified silica particles having a negative zeta po-

35 tential of -15 mV or below at a pH in the range of from 2 to 6 is in the range of from 
0.1 wt % to 30 wt %, based on the total weight of the chemical-mechanical polishing 
(CMP) composition 

and/or 
the total amount of (B) N,N,N',N'-tetrakis-(2-hydroxypropyl)-ethylenediamine or me-

40 thanesulfonic acid is in the range of from 0.01 to 3 wt % based on the total weight 
of the chemical-mechanical polishing (CMP) composition. 

f "% \\ jryt ijfto j ryi-fy^jK r\ f\ 11 according to any preceding claim, 
wherein chemical-mechanical polishi IP) composition comprising one or more fur­
ther constituents as component (D), 
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wherein the one or at least one of or all of the further constituents of component (D) are 
selected from the group consisting of oxidizing agents, abrasive materials different from 
surface modified silica particles having a negative zeta potential of -15 mV or below at a 
pH in the range of from 2 to 6, stabilizers, surfactants, friction reducing agents, buffer sub­
stances. 

7. Use of N,N,N',N'-tetrakis-(2-hydroxypropyl)-ethylenediamine or methanesulfonic acid as 
an additive for a chemical-mechanical polishing (CMP) composition, preferably as an ad­
ditive for a chemical-mechanical polishing (CMP) composition comprising surface modi­
fied silica particles having a negative zeta potential of -15 mV or below at a pH in the 

10 range of from 2 to 6-. , 

rate of a lll-V material. 
wherein the additive is an additive for increasing the removal 

98. Use according to claim 87, wherein the lll-V material is preferably selected from the group 
consisting of GaN, GaP, GaAs, GaSb, AlAs, AIN, InP, InAs, InSb, InGaAs, InAIAs, Al-

15 GaAs, GaAIN, GalnN, InGaAIAs, InGaAsP, InGaP, AllnP, GaAISb, GalnSb, GaAIAsSb, 
and GalnAsSb. 

| 499. Process for the manufacture of semiconductor devices comprising the chemical-
mechanical polishing of a substrate or layer in the presence of a chemical-mechanical pol­
ishing (CMP) composition as defined in any of claims 1 to 6,jwhejrein_tjie^si^strate_or lay-

20 er contains one or more lll-V materials. 

*1 4 PrAAAfs1' £>j'"ILOLI "1 f\ irtt^ser^rnici /n.r* IA.nnl'ninA nr yyvtr.'-t 1SI \ / O! CffTTT FXf, ¥¥T'i STCii f' u1P3- 'l.A 0"C> L iC£tXT~XJt CK7t'ltoriTTO™XJliw:™X71 ITIXJiXv I Si v" 

1 llutCI IOTD". 

4210. Process according to afty-ef^tatms-40-and 11clai m 9, wherein the or at least one or all of 
the lll-V materials is selected from the group consisting of GaN, GaP, GaAs, GaSb, AlAs, 

25 AIN, InP, InAs, InSb, InGaAs, InAIAs, AIGaAs, GaAIN, GalnN, InGaAIAs, InGaAsP, In­
GaP, AllnP, GaAISb, GalnSb, GaAIAsSb, and GalnAsSb. 
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