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Objects of the disclosure 

One of the objects of the present disclosure was to provide a CMP composition and a CMP pro­
cess appropriate for the chemical-mechanical polishing of lll-V materials, particularly GaAs sub-

5 strates, and showing an improved polishing performance, especially 
(i) a high material removal rate (MRR) of the lll-V material, for example GaAs, 
(ii) a low static etch rate (SER) of the lll-V material, for example GaAs, 
(iii) high surface quality of the lll-V material, for example GaAs, after the CMP step, 
(iv) safe handling and reduction of hazardous by-products - for example the toxic gas 

10 ASH3 in case of GaAs polishing - to a minimum, or 
(v) or the combination of (i), (ii), (iii) and (iv). 

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

15 Summary 

There is provided a process for the manufacture of semiconductor devices comprising the 
chemical-mechanical polishing of a substrate or layer containing at least one lll-V material in the 
presence of a CMP composition (Q1) comprising 

20 (A) inorganic particles, organic particles, or a mixture or composite thereof, 
(B) at least one type of a polymer comprising at least one AAheterocycle, and 
(M) an aqueous medium 
and whereas Q1 has a pH of from 1.5 to 4.5. 

25 In a first aspect, there is provided a process for the manufacture of semiconductor devices 
comprising the chemical-mechanical polishing of lll-V materials 

in the presence of a chemical-mechanical polishing composition (Q1) comprising 
(A) inorganic particles, organic particles, or a mixture or composite thereof, 
(B) a polymer eemp4smg^4eas^Re^-teteFeeyetederived from at least one type of 

30 monomeric unit (MU) comprising at least one AAheterocycle wherein the N-
heterocycie is pyrrole, pyrrolidine, imidazole, pyridine, pyrimidine, pyrazine, pyri-
dazine, piperidine, triazole, benzotriazole, tetrazoie, thiazole, isothiazole, thiazoli-
dine, oxazole, or isooxazole, and 

(M) an aqueous medium 
35 and whereas Q1 has a pH of from 1.5 to 4.5. 

Moreover, the use of the CMP composition (Q1) for chemical-mechanical polishing of a sub­
strate or layer containing at least one lll-V material was found. 

40 

45 

!f*-r*-seeeft#~aspect, thoro is provided tho use of the chomiea^ochanieat-pefehffl§-e-efflpes&ef> 
(Q1) cempfistag 

(AHf^gewe-paftieteSrefgonio-fiafttetesT-er a mixtwe^Mjempestte-foefeef; 
(Bfat-teasfefte-^pe-ef-a polymef at ieast one //-hetereeyefe: and 

&PI4 whereas Q1 has a pH of frerp-1-:§4o 4.§ 
feF-€4>emiea}-me€^a«k)af^e^if^ef a^t+bsifate0r4ayef-€^amm§^r4east we-4+l-V 
material 
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| In a4Mf4-aspeetan embodiment, there is provided a process for the manufacture of semicon­
ductor devices comprising the chemical-mechanical polishing of a substrate or layer containing 
at least one lll-V material in the presence of a chemical-mechanical polishing composition (Q2) 
comprising 

5 (A) inorganic particles selected from the group consisting of alumina, ceria, copper ox­
ide, iron oxide, nickel oxide, manganese oxide, silica, silicon nitride, silicon carbide, 
tin oxide, titania, titanium carbide, tungsten oxide, yttrium oxide and zirconia, or or­
ganic particles, or a mixture or composite thereof, 

(C) a non-polymeric compound comprising at least one /V-heterocycle, and 
10 (M) an aqueous medium 

and whereas Q2 has a pH of from 1.5 to 4.5. 

In a second aspect, there is provided a process for the manufacture of semiconductor devices 
comprising the chemical-mechanical polishing of a substrate or layer consisting of at least 
one lll-V material 

in the presence of a chemical-mechanical polishing composition (Q2) comprising 
(A) silica particles, 
(D) pyrrolidone, 
(D) an oxidizing agent, and 
(N) an aqueous medium 

and whereas Q2 has a pH of from 1.5 to 4.5. 

Furthermore, the use of the CMP composition (Q2) for chemical-mechanical polishing of a sub­
strate or layer containing at least one lll-V material was found. 

kva--reyrt^f3speetr-t^eFe4s-^f©vlde44^^4ise-^4he-ehemk:a^fBeeham€a^pc4isJ;Hft§--eemp9saen 
(G2}--eempfisff}§ 

(A)4norgaRie parties seteetedfrt>m4he-gFeup-c<>nsfsttng erf eertaT-eeppeF 
extdertref> exide, nicked ox^de, man§9f>ese-extde, silicarsifeeft n^tfide-, silicon 
e3f%»€te74ifhe*i€te74te«a74fef:Mr^€a!M€fe74eft§stef:h©«t^^ 
eemar^efiame-paFfetes, or a mofere^^empeslte thereof, 

(G)-a -f>ofvpe>ymeHC corr>p&w4 eempBsir>g-at--least eBe /V-hetefoeyeler afV€i 
(M)aFH3€tuoous medfero 
afi4^ereas-Q24tas-a-^14-effrem-4T§4e™4T6 

fef^fteFFt«3a[-meehamealf>©l(sl^f>§-^'as«festFate-0r-4ayeF~e©f>taiFHf>g-et4easteRe4H-V 
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Claims: 

1. A process for the manufacture of semiconductor devices comprising the chemical-
mechanical polishing of lll-V materials 

in the presence of a chemical-mechanical polishing composition (Q1) comprising 
(A) inorganic particles, organic particles, or a mixture or composite thereof, 
(B) a polymer cemprisifig at least-one-AMretereeyetederi ved from at least one type of 

monomeric unit (MU) comprising at least one AAheterocycle wherein the /¥• 
heterocycle is pyrrole, pyrrolidine, imidazole, pyridine, pyrimidine, pyrazine, pyri-
dazine, piperldine, triazole. benzotriazole, tetrazoie, thiazole. isothiazole. thlazol-
idine, oxazole, or isooxazole, and 

(M) an aqueous medium 
and whereas Q1 has a pH of from 1.5 to 4.5. 

2. A process according to claim 1, wherein the lll-V material is GaN, GaP, GaAs, GaSb, 
AlAs, AIN, InP, InAs, InSb, InGaAs, InAIAs, AIGaAs, GaAIN, GalnN, InGaAIAs, InGaAsP, 
InGaP, AllnP, GaAISb, GalnSb, GaAIAsSb, or GalnAsSb. 

3. A process according to claim 1, wherein the lll-V material is GaAs. 

4~. A-preeess-aeeefelmQ-te-aftyefte-eftfre-eteHms-4-te-3, wherein-the polymef-(B}--ls-deftve€t 
ffBm-at4easN>f^lype-0f-mefteiT^te-fcH::*tt-(MU)-eempFism§--at4east-eft€nV-betefeeyeter 

&. A-pFeeess-aeeerdtBg-te-eoyene^efelalms 1-te-4r wherein the -AAbeteroeye-te +s -pyrrole,-
ayfrelidtBe7-pyfmltdeBe-,-midaz©le7-^«4iTO;--^yf4fH^fBeT--pyfazmer--f>y«daz+ReT-^peHdH;te': 
tfiaz0le7-bef«0tflaz©ler4etra2©te7#i+az^er+se#HaE©ler4WazelMifte7-e*az©ter©HS©©Maz©te7 

64. A process according to anyone of the claims 1 to S3, wherein the AAheterocycle is pyfroit-
doRe-of-imidazole. 

75. A process according to anyone of the claims 1 to 84, wherein the polymer (B) is a pofyvi-
nylpyrfoHdene pelymef, a polyvinyIimidazole polymer, or a vinylpyrrolidone / vinylimidazole 
copolymer. 

86. A process according to anyone of the claims 1 to 75, wherein the composition (Q1) further 
comprises 

(D) at least one type of an oxidizing agent. 

97. A process according to anyone of the claims 1 to 86, wherein the particles (A) are silica 
particles. 
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408. A process according to anyone of the claims 1 to 07, wherein the lll-V material is GaAs 
and wherein the composition (Q1) comprises 

(A) silica particles, 
(B) a polymer which is derived from at least one type of monomeric unit (MU) com­

prising a^yfF©M©F>e-eFan imidazole, 
(D) an oxidizing agent, and 
(M)an aqueous medium. 

•44:—yse-eMbe-ebem^al-meefw^-l-poltsbmg-eempes&eB-^CH^eempHsing 
fA> tTOf§aftk3"B£Kiie4es7^§ante paf4te4es-r^ 
P)-at4easfefle4ype-0^^elyew-e©ff^i4&ie§-«t4e^t-©fte^+ieleF0ey©ter«:;td 
(M)«Fha^ueetis^wedl«m 
an4w1weas-Q+4«s-ai3l+ef#effh4T§-te-4r§ 

fep-ehemi6al-m€6kaftk^p0fekm§-ef-€Hst^trate-0Mayef^eftfaifHf>§-at4eas^efte4tt-V 
mateeat 

429. A process for the manufacture of semiconductor devices comprising the chemical-
mechanical polishing of a substrate or layer e€>ntafftm§ consisting of at least one lll-V ma­
terial 

in the presence of a chemical-mechanical polishing composition (Q2) comprising 
(A) «w§af»ie-parti0tes-^ete€te#ffW}-#»e-§r-©ttp-e0RS{sift§-ef-ataTOna7^eeaT-e©ppef 

€»(tde:4fen-ax4de7-fwkel--extQermaf^f^se-exK3lerS+{k5arslfe0frBi^ide,-SHi€on 
cartotder4fn oxideT4+tan+ar4tenwm-caft>tde1tungsten ©xtde^ 
eewar or organfc- particlesrOF a ffH-xtwe ef <>€>mp&ate thefeefsiiica particies, 

(C) a^eR-petymer-k>eempew:^-€-empr4&me--at4east-eB&T'V-hetefeeyetepyrrolidone, 
<rl orfM 

(D) an oxidizing agent, and 
(M)an aqueous medium 

and whereas Q2 has a pH of from 1.5 to 4.5. 

—Ai3reeess~aee8f#Bf4e^ttfft~4^»l^^ n at have- mofe than 4we 
nitrogen atoms as ftng membeF atoms. 

-44;—AfH"-oeess ae60r4tngte-e<aim-4^0f-4^-whef^n-tne-4li--V^-ftatefiaHs^A&-a?^^hefein-tte 
composition (G2) comprises 

(€)i3yR=©M©FieT 
{©} an oozing agenlr-and 
(M) an agueeftts med+um. 
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46-.—l.ise^t^e-0i:>emk?/a+-fr^twHGaf-p©lt&^iB§~€©mposftien--{^2}-eeFnpf:l&if;>§ 
{AHftorganiei3arifefes--sete€fe€t4feffHlt^^ of aluminareeftar-eeppef 

ejeder+ref^extcter-niefel-^^ silica, s; I lean mtfkie,sme&f> 
eafWde14wv«»€ler4ttaffia7-Jfen«n~e€rtWe74eB§5^^ 
eef:>ia,-0F-eF§aft!«i>aftiele57-&F-a-mj-)^ur-e-0fL-e©FF>p©stte4^eFeof; 

(G) a-F^-peiymefiee©fnp©tH^^mpf4stf>§-ai4easVoBe-A'-heteFoey'e4eraBd 

aft#wlweas^g4»5^pH-9f#em 1.5 to4:5 
4"#*k y t*-- l*\ <r\ m I r^f^l trs.'f. f% c* ^ lhs£y..'ktf"*"%4'fn\ /*\y s r°% £ ^4- I f\ #**«£& g\..OQ III \/ TCn~X?TsCHFT?INJarTrTUUT113TTft3arjpw1fHyHriTTg*"T7T«!X~^^ T^™OX™1v7at^"™OTTv7™1TI',^¥ 

material 


