POLI SHI NG COVPCSI TI ON CONTAI NI NG POLYETHER AM NE FI ELD
OF THE I NVENTI ON [0001] This invention pertains to a
w@odorakiliag conposition and a nmet hod for pol i shPemyus2007/009505
substrate using the same. BACKGROUND OF THE | NVENTI ON
[ 0002] Conpositions, systens, and nethods for
pl anari zing or polishing the surface of a substrate,
especially for chem cal - mechani cal polishing (CwW),
are well known in the art. Polishing conpositions or
systens (al so known as polishing slurries) typically
contain an abrasive material in an agueous sol ution
and are applied to a surface by contacting the surface
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chem cal - mechani cal
nitride layer is formed on a silicon substrate, shallow trenches are formed via etching or

photolithography, and a dielectric layer is deposited to fill the trenches. Due to variation in
the depth of trenches, or linés, formed in this manner, it is typically necessary to deposit an
excess of dielectric material on top of the substrate to ensure complete filling of all trenches.
The excess dielectric material (e.g., an oxide) is then typically removed by a chemical-
mechanical planarization process to expose the silicon nitride layer. When the silicon nitride
layer is exposed, the largest area of the substrate exposed to the chemical-mechanical
polishing system comprises silicon nftride, which must then be polished to achieve a highly
planar and uniform surface.

[0004] Generally, past practice has been to emphasize selectivity for oxide polishing in

preference to silicon nitride polishing. Thus, the silicon nitride layer has served as a stopping



pol i shing system conprises silicon nitride, which nust
then be polished to achieve a highly planar and
wairio7aeTresur f ace. [ 0004] Ceneral |y, past practPCEURRS7/009505
been to enphasi ze selectivity for oxide polishing in
preference to silicon nitride polishing. Thus, the
silicon nitride | ayer has served as a stoppingl ayer
during the cheni cal - mechani cal pl anarization process,
as the overall polishing rate has decreased upon
exposure of the silicon nitride |ayer. For exanple,
U S. Patent 6,544,892 and reéferences cited therein
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wherein x = 2-6, (2) a compound of the Formula (II)



a substrate, which nmethod conprises (i) contacting a

substrate with a chem cal - nechani cal polishing system
w@oepnedaeng (a) a polishing conmponent sel ect edP€T/OR200T1€09505

group consisting of a polishing pad, an abrasive, and

a conbination thereof, (b) aliquid carrier, and (c) a

conpound sel ected fromthe group consisting of a

compound of the Forrmula (1) wherein x = 2-6, a

conmpound of the Forrmula (IT) wherein x + z = 2-4 and y

= 1-50, and conbinations thereof, (ii) noving the
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thereof, (ii) moving the polishing component relative to the substrate, and (iii) abrading at

least a portion of the substrate to polish the substrate.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)
[0010] FIG. 1 is a graph of polysilicon removal rate (A/min ) versus polyether amine
(ppm) for various compositions containing silica and either 4,7,10-trioxatridecane-1,13-
diamine (TTD), a compound of Formula (I) wherein x = 2-3 (D-230) or x = 5-6 (D-400), or a
compound of Formula (II) wherein x + z = 3-4 and y = 8-9 (ED-600), orx +z=2-3 and y =
15-16 (ED-900), or x + z=2-3 and y = 40-41 (ED-2001). ‘ '



[0013] FIG 4 is a graph of polysilicon renoval rate
(AAmin with 100 ppm pol yet her am ne) versus the
wordogaediar wei ght of the pol yet her am ne. [ 001B¢T/B51807/809505

is a graph of polysilicon renoved (A) versus tine
(mn) for various conpositions containing silica and
ei ther 100 ppm ED- 900, 500 ppm D230, or 500 ppm TTD.
[0015] FIG 6 is a graph of angstrons renoved versus
time (mn) for various conpositions containing silica
and either ED-900, D230, or TTD, which were used to
polish substrates of BPSG n#tride, and tetraethyl
ortho silicate (TECS). [0016] FIG 7 is a graph of
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[0018] FIG. 9 is a graph of TEOS removal rate (A/min) versus additive concentration

(moles) for various compositions containing silica and either D-230, D-400, or TMAH.
[0019] FIG. 10 is a graph of silica (%) versus pH versus TMAH (ppm) for the removal
rates (A/min) of polysilicon, nitride, BPSG, and TEOS substrates when polished with a
composition containing 300 ppm D-230.

[0020] FIG. 11 is a bar graph of the silicon removal rate (A/min) exhibited by two
different compositions, one of which con;ains TTD and piperazine. ,

[0021] FIG. 12 is a bar graph of the concentration of copper (ppb) diffused from a
substrate polished with two different compositions, one of which contains EDTA.

DETAILED DESCRIPTION OF THE INVENTION
[0022] The invention provides a chemical-mechanical polishing system for polishing a-

substrate comprising (a) a polishing component selected from the group consisting of a



wherein x + z = 2-4 and y = 1-50, and (3) conbi nations
thereof. The liquid carrier, conmpound, and any ot her
wa@orpoeAnat di ssol ved or suspended in the |iquiPCT/ERZ0E009505
(e.g., an abrasive) constitute the polishing
conposition. The ambunts of conponents descri bed
herein are based on the total weight of the polishing
conmposition unl ess otherw se specified herein. [0023]
It has surprisingly been discovered that the addition
of a polyether am ne to the polishing conposition can
be used to increase or adjusts the polishing rate of
polysilicon while | eaving the polishing rate of other

. J.avers such [ ki [ N AL
potishiZé Foi A {Phps. i s B HRE Aot O LA b Bpd (0 o
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triam ne. Preferably, tQﬁiponether amne is a diam ne
of Formula (1) wherein 2 2-6, Fornula (I1) wherein x
+z =2-4 and y = 1-50, Jor
4,7,10-trioxatridecan ~3- N[ . ‘More
preferably, the poHy¥ther aMYe is B di am NHz of
Formula (1) wherein x = 2-3 (D 230)f or x X 5-6
(D-400), or a diamne of Fornula (I3H; wherein either
(1) x +z =3-4and y = 8-9 (ED 600), (2) x + z = 2-3
and y = 15-16 (ED-900), or (3) x + z = 2-3 and y
-AL 5( mals] i ne can have any
Wheréigixt a Id:%n%?g%)d?%@a\e/\?efﬁgﬁy (e. g.(,ﬁjnZOO or nore, such_as
200 to 2000)CHPreferably, the polyether amine is a§Hs

900, or 200
di am n H,
anount of pol yether diafi ne present in the 4

pol i shi ngconposi tion capybe adjusted to achieve the

desired poly silicon renoval rate, whi | e mai ntaining a
wherkia\ + eR0Yal andat-e 150, ahd (Heombmaieonatierenf. Jhkiligaid carmrier,

nitride. The anmount of polyether am ne, ca e,.for.
compgieayne! ang gkt sEmPaReR disolved gr sushepded Bl fajigi@irier c.g., an

abra: QoRftuethd F8IEshirddpiRiticl. THRSSmoudits 3OEHmpguh@Idescribed herein
| e§s) and/or 10 ppmor nore (e.g., .20 ppmor nore,

" ’ 50 :
are bassehamrtherintal weight ofithe pelishipg:.Corgpospiinn wﬁﬁﬁsamw@) specified herein.
[002{)]r ef §f FARL ﬁsirtng]fiy BERHA RV erddOhhb 864iRBh BE a pdlyeftRMaRfine to the

pmto 1200 pp 100 ppmto 1000 ppm 200 ppmto 800 i
polishing)composition sprrbe ysBUO ipgrease @EAN]st tlwepo,bléhlpg matg @f polysilicon while
leavi§% Hﬁ:ﬁdlfshﬂl r?@rbf folHer RferE QRS §ﬁic3§! o#l¥eMd GAIBR mif{aBRelatively

e orenentioned pol'yether amne), such as a prinmary
low. ditierpelysherenune aanybaayneassofiagring,uph asik monoamine, a diamine, or a

triamt"i}}r?é :lgr§¥e?§£?,let¥% ?g@%@{e? bR Wi ine Ve ORI RLSin x = 2-6,
Formula (II) wherein x + z = 2-4 and y = 1-50, or 4,7,10-trioxatridecane-1,13-diamine (TTD).
More preferably, the polyether amine is a diamine of Formula (I) wherein x = 2-3 (D-230) or
x = 5-6 (D-400), or a diamine of Formula (II) wherein either (1) x + z = 3-4 and y = 8-9 (ED-
600), (2) x + z=2-3 and y = 15-16 (ED-900), or (3) x + z=2-3 and y = 40-41 (ED-2001).
The polyether amine can have any suitable molecular weight (e.g., 200 or more, such as 200
to 2000). Preferably, the polyether amine is a diamine having a molecular weight of 230,
400, 600, 900, or 2001. Any suitable combination of polyether diamines can be used in the

polishing composition. The amount of polyether diamine present in the polishing



pol i shing conposition conprises tetranethyl anmoni um
hydr oxi de (TMAH) or pi perazine. The presence of TMAH
WO poorhe71pol | shi ng conposition has the ability POI/US2007/009505
increase the rate of renoval of polysilicon, as well
as suppress the rate of renoval of silicon oxide. The
anount of am ne present in the polishing conposition
can be adjusted in order to achieve the desired
pol ysilicon renoval rate, while maintaining a | ow
renoval rate of silicon oxide and/or silicon nitride.
The anine can be present, fo exanple, in the
pol i shing conposition in an anount of 5000 ppm or | ess
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pom BEoge. i PRBE RO or 10 PiTD SR AT Jst gD S Ao og polyether
aming WPEbMABEpprdits 1 240 Fpra I fpih €5 10000 2000ppm a6 800ppm, or 300 ppm
limted to, flat panel displays, integrated circuits,
to 60QMRBYy or rigid disks, netals, interlayer dielectric

[0024]ELDr1iégslissing cﬁﬁﬁbﬁ_ﬁﬂﬁl dad Rirther com?rise an amine (other than the
m cro- el ectro-nechani cal systens, ferroelectrics,, and

aforemegtiened-pefyehier aming), speibs 2 PRRANHBICT & PePORHaRydruipe, @ tertiary
aming,'rz{ﬂ MoaRHAG), 2GuRenisy dhfiklor &MBiANMIGHS thérebf PrefdHIPhe

. un ope_-3|f|con met-al , nonocrystalline silicon, or .
polishinigtcomppsitioh|comprises fetramethylpmmeniamehydspyide (RMAH) or piperazine.
i : N o .
mhe SR8 AR REF MRS NNIB IO LSRR o e o
remoVhakofipwl ysiliddns asweH s lseppaess tberaiabf npoiay of silicemoxidenyhe amount

NSRS T e
polysiligeat I&hidv_allenatd) Mlﬁle&ﬁg’hiahﬁhg atow hemevd] ratélo€ sdicbh oside and/or silicon
- .oxide simlar can any suitable sil.icon oxi. .

nitridin peGRTIRA FEh L PEESRHo 0 SRAmDRelndhe PoRHIPE EBLY gk ingn amount of
50009 pnh 6PRsO. £1€4000CHpA Or gk, 3806 ppht orl 1e€H, 2600 ppm or less, or 1000 ppm

t obor ophosphosi |l i cate gl ass (BPSG , tetraethyl 6tho
or less) RPY/at B0 PR ORH el POR] SOTin SBPBE & IPPtead B ppm or more, or

200 ;gldgl%t% moré)d #}Eﬁi’aqiﬁrtﬁé hir i?%f'@er(t"i'ﬁ)gah aﬁi&ﬂeofwg?rg to 1400 ppm,
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fromsi00ippomton] 240 riun, @0 260 PPALOJHO) PRI GT EorH M PR AR §00 PPM.
[0025° P r'%h%esubgtpd(}é t&f)e BglishQ{i uﬁﬂg HheShefpd T ihdinv¥nt®n &n be any suitable
pol i shing pa e.g., polishrng surface). The pqllshln%
substpate. Suitatile sabsjratasiinelde bybircsiot ligitsd do. firtpynelidismhayshintegrated
circ %gfmgaxagﬁ?ﬂeﬁgiao U8 drotald it lyRr BRAAN (DD)MFickd) SkitftEnductors,

micro-electro-mechanical systems, ferroelectrics, and magnetic heads. Preferably, the

substrate comprises silicon, such as polysilicon, epitaxial silicon, doped or undoped silicon
metal, monocrystalline silicon, or multicrystalline silicon. More preferably, the substrate
comprises doped or undoped polysilicon in combination with silicon oxide and/or silicon
nitride. The polysilicon can be any suitable polysilicon, many of which are known in the art.
The polysilicon ca‘n have any suitable phase, and can be amorphous, crystalline, or a
combination thereof. The silicon oxide similarly can be any suitable silicon oxide, many of

which are known in the art. Suitable types of silicon oxide include but are not limited to



and non-woven polishing pads. Mreover, suitable

pol i shing pads can conprise any suitable polynmer of
wo anyitery2densi ty, hardness, thickness, conpresBChUB100Y009505

ability to rebound upon conpression, and conpression

nodul us. Suitabl e polyners include, for exanple,

pol yvi nyl chl ori de, polyvinylfluoride, nylon,

fl uorocar bon, polycarbonate, polyester, polyacrylate,

pol yet her, pol yethyl ene, pol yam de, pol yurethane,

pol ystyrene, pol ypropyl ene, cofornmed products thereof,

and m xtures thereof. [00271 7The polishing pad can

conprise fixed abrasive particles on or within the

Ui shi L " .
sorofiR A A IR LR L AcRBEIEO Wi oic,undpee
silicatdhglass, wed hrghtdenbitsplasing GdDED oaiiey dn pdditioh, thg sibieds nitride can be
an ; qhudﬁigg%ﬁﬁpgving abrasive particles affixed to the

y Bg? gﬁlﬁg surtdace of the polishing pad by way of an
[0026]dhe Sihegolikhing eomporemoen comprise) cownist olfisorl doksisbessentially of a

. abrasives that have _been_jnpregnated within a . .
polis e Fer {5 BAUFILEE HOTHG)-1 BhbAIFIF TR g SAh oA 4Py Spjtahlfgotishing pad.
manyP&t whidh Rk BRfvn BUGE aftS Sult@ble PSHEAThE pads ihtlde,Ufor Bedriple, woven

i npregnated with _an_ abrasi vecont ai ni.ng pol yuret hang .
and ngnsyeYes Rtishing pads-alfoseavee syHaRle palishing RIdTAaE COMPTiTE SRy suitable
polyth&f ofVa@yihg h@ﬂsi%ﬂ hARAhaR k8D 6@ PlesiiBiliti abM@tlyits PéHdind upon

. conposition. | Q28] The polishing pad can have any
compgesstat prd eanpiegtipn magilusESuitaklsplvaners nelyss, fonxampirad
polyfi cﬂl%dﬁb,m¥@ﬁgﬁd o, muk;?q%arﬂoxapb&@lzmofli\atb,l pcﬁﬁ%ﬁﬁe&,

arotatio I on about an axl s perpendlcu ar to

polyssrylate, peliyethen pbiyetthydensupolyemidss polyurethane, mlgstyrsnespelypropylene,

cofon?l?e%&g{i\fcg.ﬁth%)@oif L g%g]’%r%rface of which acts as

e po I'ng surtace, en in use, typically
[0027} | | Thepelishingpad camedmpmde fixedadboasivet fragticlesion at wathirsthe polishing

of the cyli.nder, Th lishing pad can be.i he for .
surta o 1< gRUFEE LI oo B AR TR A7 e GRS §f 4 corasive
parti¢18d/ EFiRed hbr@sive polistang padsincladepads Havirgubrasivé partickes @ffixed to the

. being polished. The poljshing_pad can hgye an¥ . th
polishiggisEpes affhpaolifune BRLPY P30 an aliseyea bger, (FPRE TG or the

like ' abPdslel Mhat Havd BEErAhReertdd VBN polisARARIpats6 a8 to fdityan integral
other variations wll be read|&¥ apparent to the . .

part gfiche pelishing pach such) oo S example, o fibsensRptidmsesnaind wih an abrasive-

R RD Db AfretAditdiSferQbn. RlxcA3BRsIe fadS EA &1ithinktedthe 8ed for providin
con a%?_{g?l 5&',‘6 \Aﬂﬁ(ﬁ%eerm _%e gxlexed to tp%e pol 1 shing pad as P 8
an abdzgor ¢dregbrebbinghe polishing eospeyieonied 1 nthe |iquid
(00287 | "13e dofisfing AR LK haye IS AREAS 'c%;&ﬁgﬁgsi&ﬁ & &ple, the

ulta or Fe.g., aprasive particres). e aprasive

polishingipad|ichy be sirculapand, wdiehas esd, typicallydwilkhavesyretatiodal motion about
an axtig Serlpler%cl:lﬂarct%rtflé S[ane defined by the surface of the pad. The polishing pad can
be cylindrical, the surface of which acts as the polishing surface, and, when in use, typically
will have a rotational motion about the central axis of the cylinder. The polishing pad can be
in the form of an endless:belt, which, when in use, typically will have a linear motion with
respect to the cutting edge being polished. The polishing pad can have any suitable shape
and, when in use, have a reciprocating or orbital motion along a plane or a semicircle. Many
other variations will be readily apparent to the skilled artisan.
[0029] The polishing component can comprise, consist of, or consist essentially of an

abrasive, which can be fixed to the polishing pad as described above or can be suspended in



(e.g., water). The abrasive can be any suitable
abrasi ve. For exanple, the abrasive can be natural or
wa@ywrhgtiec, and can conprise, consi st essenti aPCTUsL007/009505

or consist of nmetal oxide, carbide, nitride,

carborundum or the |like. The abrasive also can be a

pol ynmer particle or a coated particle. The abrasive

typically conprises netal oxide particles. Preferably,

the abrasive is a netal oxide selected fromthe group

consi sting of alumna, ceria, silica, zirconia,

co-formed products thereof, &d conbinations thereof.

The abrasive particles typi cally have an average

rit | 9Th f
thehﬁnpto QV Ig T 189?9@@&%#8§?partﬁﬁﬁe |sg ﬁggw“m
partudes)nﬁthe rabm‘suteftyplsmhh}' ises paﬁmhhiteefdrhmnden smmaécﬁem thérBquid carrier
i ve rtlc e

(e85 fﬁs abt i b ant P sV DB6F tianfple 1Y Gyl can be
naturhDorZ3Athes}, arlddda@bmpiige, donsistdsserftintlylf, af coablsasﬁ netakaxide,

b t th [ .
e e o, i T 8 25l AL parce o a
coatedigaktidle ’Pﬁ@ﬁ@x‘ﬁglvb l?%ﬁ MIdeﬁ{&bﬁﬁefﬂ BRI fartidles. NBEferably, the
typically, Yoor nore (e.g.,. 1 wt.%or nore)

abrasiter ig 9i m@tamlde Eeec;%ﬁem the grqupcopsistiag PhaluEdD &gw silia, zirconia,
co- fomgd gﬂﬁﬁ@& tﬁ%re@p lafid bgﬁbinﬁtlsﬁ‘ﬁthgféok'sﬁhg Gbralive Qﬁiﬁc’lé}.riyﬁucally have

typi not exceed % nore typicall
an avnmgce»wsvédsme (8- %e(regq»artlvlp Idllam%@r) of 28am moSQ&m% The particle

size gfr a a%élgl :1% ﬁxe}@ﬁa&?pﬁ‘%g {naﬁ%ﬁ @'é\ftlé{'g Qtl’)ag ﬁg&ﬁ%}%‘%késﬁhé Barticle.

Prefqmbéy ahebbasiye\partididschai@ ankyétag paditle sied ofilfi nm¢a 309 am (e.g., 100

[ sed to facilitate the application of the abrasive
I“nt?gﬂiﬂngTesent and suspended in the liquid carrier),

[oo3gol %/Qlﬂ}es"ufltaﬁiermmﬂﬂg of abryisioptarDb@preadiin thegsolishingfvemposition.
.surface of a suitable s bst ate to_be O|IS d
Typigallyn 0 A Or FRTCI B O o 4 nu AraBith il e el i the
polisﬁﬁ \Bip olsﬁfbhu (M&G t%;]ﬂ%‘ﬁ[y @' lcﬂh% 6r théred(e.g.,"EWNS4& more) abrasive will
anoI “etc.), . di oxane,

be prpm Hh%rPGPElFIBE coepemslon g amountPf abrasineda thepelishing

com;fc’fsﬁfo%rtw&(lly WHE nbi GEEd Wt o8 MR TPpicABPwilt AGSExEL&d 15 wt.% (e.g.,
essentfally of, or consists of water, nore preferably

will nsiespeedeld wa¥ar Prefonbby) therrmesitio Abmeive s fssialishing spgposition is
0.1 \JI‘%)# t&gf%'oﬁ %r}né??é'p‘iiéi%ia&gy GR1L 10 YRR, Can be any

oxi al 'zl ng agent for one or nore materials of
[003l]h e Al hqundatametros beedpolfacghiatt the tapplummp@lf klerabmasive (when present

Sélgi) é‘l SI t | l%ﬂu% I:a%gggu%dlg tﬁgr ﬁ(f‘glyaoqﬁ%hall additives to the

onsi S
surface of a sultable substrate to be polished (e.g., planan'zed). The liquid carrier can be any

suitable solvent including lower alcohols (e.g., methanol, ethanol, etc.), ethers (e.g., dioxane,
tetrahydrofuran, etc.), water, and mixtures thereof. Preferably, the liquid carrier comprises,
consists essentially of|, or consists of water, more preferably deionized water.

[0032] The polishing composition also may comprise an oxidizing agent, which can be
any suitable oxidizing agent for one or more materials of the substrate to be polished with the
polishing composition. Preferably, the oxidizing agent is selected from the group consisting
of bromates, bromites, chlorates, chlorites, hydrogen peroxide, hypochlorites, iodates,
monoperoxy sulfate, monoperoxy sulfite, monoperoxyphosphate,

monoperoxyhypophosphate, monoperoxypyrophosphate, organo-halo-oxy compounds,



of bromates, bromites, chlorates, chlorites, hydrogen
per oxi de, hypochlorites, iodates, nonoperoxy sulfate,
womeperieky sul fite, nonoperoxyphosphat e, PCT/US2007/009505
nonoper oxyhypophosphat e, nonoper oxypyr ophosphat e,
or gano- hal o- oxy conpounds, peri odat es, permanganat e,
peroxyacetic acid, and m xtures thereof. The oxi di zi ng
agent can be present in the polishing conposition in
any suitable amount. Typically, the polishing
conposition conprises 0.01 w.%or nore (e.g., 0.02
wt. % or nore) oxidizing agentS. The poli shing
conposition preferably conprises 20 wt.% or | ess
. (e, VA 1 ) [
periofiafperrfpgipé firok fitig g h iRk i) THE iR agent can
be predeasi the polishisg) sqsmpokmion neamsyi suitable aleust. afiypisaliy, 4y polishing

H.. The actua H qf the lis 03|t
compRaiiodoTRFSBL-PT BV £hEVES (b o 02 JrShrRAtorpLPHg e agent. The
pohsmaglcsh@asmisﬁ prératably ddieprivel 26 Mty ot tesp (st Ilﬁithl%@r fesplor 10 wt.%

froml to 13 (e.g., from2 to 12, or from3 to 11).
orlesswpérzaw?sew -he polishing conposition has a pH of 7 or
[003:;(]Dr € The 1fuid SirRér WIh Sy e&glb@ﬁerﬁs ikt oWedldr sREpdndead therein can have -

g., 10 or less The can be, for exanple, from$8
any suifable pHe The actya) mlrboﬁ the mslslnwmrow pH! depapdein part, on the type

of sugﬁ{dtégélﬂg 88@&9393 '%%119% PRlsRAIY RYfFdsAIOY 1A a pH of from 1 to 13

mal nt al n y an ui tabl e means. More specifically,

(.8 tfhom @abulghom@ommolsh)t Poaferably, the nalishingsepposision has a pH of 7 or
moregonSI rgzn‘ g{ldfgp FBHS&f 19561984 rr%)i n'gt"n O(Ur lﬁsef H]‘?éjb f]t,rgﬂgla_le For

er|n agen a co ion t
exampll, fiino B ta AR (obg fwoyn Sto 1 Bl e pH-adj usting conpound.

oot BT 1 AP A AR RS i
suitablefi¢dnal Mute spevifedlly, ﬂ:ﬁrpoe:xhﬁg |cempbklaoaca1d furttrer bemprise, consist

nitric acid. Th feri nt can be a
of, oReqnsish PEBHAIYT %;815 g@é:a BEEHE A2, Fripbigation thereof.
The pi3 QHALR? caWBE aﬁ Suitabid Hlbﬂjtﬁﬁn eaxhp@mm A examiple) BBl adjustor
salt’s, and the i ke. polis conmposi tion can
can bemprshiseble geids sush asfn eRrEERAOF 3T O&asléaﬁql%mryo ingtipn thereof. For
exarré: W 4ROAGd @EEPU@ {utﬂé aﬁdp hh@ e 8 el cady B A HulBble M ffering
gént, provided such anount is su ficient to achieve

agent fiolf exampdd, rmamhatqsea@ww berates, sflfonates parbayiztgs, ammonium salts,
and tF% B{gg]s ’l‘ﬁxh ggl":l)so}ﬁngﬁc)m s'itmﬂ"cefn%xﬁo;ﬁ'[%g Consist f OF Eondi&eSidAtially of

COmposi t i opt onal y conprises
any saitelerapsiuvnhof mbfﬂ}ldmstor(and@r a pd buffering agenty pag\gdgq suchjpsnount is

sufﬁﬁ%(ﬁ)%trtgsa{cglevé %]Jrl] é\%{%? i rt]héo §esTHao pf-lu&fttﬂp {')ghs(iﬁﬁé Q&B&Hmn, e.g., within
the ranges set forth herem

[0035] The polishing composition optionally comprises a corrosion inhibitor (i.e., a film-
forming agent). The corrosion inhibitor can be any suitable corrosion inhibitor. Typically,
the corrosion inhibitor is an organic compound containing a heteroatom-containing functional
group. For example, the corrosion inhibitor can be a heterocyclic organic compound with at
least one 5- or 6-member heterocyclic ring as the active functional group, wherein the
heterocyclic ring contains at least one nitrogen atom, for example, an azole compound.
Preferably, the corrosion inhibitor contains at least one azole group. More preferably, the
corrosion inhibitor is selected from the group consisting of 1,2,3-triazole, 1,2,4-triazole,

benzotriazole, benzimidazole, benzothiazole, and mixtures thereof. The amount of corrosion



the corrosion inhibitor is an organi c conpound
contai ning a heteroatom containing functional group.
wao-or07axARPl €, the corrosion inhibitor can be apPCT/US2007/009505
het erocyclic organi c conpound with at |east one 5- or
6- menber heterocyclic ring as the active functiona
group, wherein the heterocyclic ring contains at | east
one nitrogen atom for exanple, an azole conpound.
Preferably, the corrosion inhibitor contains at |east
one azole group. Mire preferably, the corrosion
inhibitor is selected fromth@ group consisting of
1,2,3-triazo|e 1,2,4-triazole, benzotriazole,
. ... henzi Z0 [ IESe r
imniv R0 R R st s it fpie AV 060 O P fpreferably
0.00lceniotei 2 wabh)thasedan the towl Fehoaf the prlisiong cmmp%ltlon
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For exagipld, icittates incladp kirit agidpasemell as mono-, di-, and tri-salts thereof; phthalates

include phthalic acid, as well as mono-salts (e.g., potassium hydrogen phthalate) and di-salts
thereof; perchlorates include the corresponding acid (i.e., perchloric acid), as well as salts
thereof. Furthermore, certain compounds or reagents may perform more than one function.
For example, some compounds can function both as a chelating agent and an oxidizing agent
(e.g., certain ferric nitrates and the like).

[0038] The polishing composition optionally further comprises one or more other

additives. Such additives include acrylates comprising one or more acrylic subunits (e.g.,



wi || depend on the type of substrate |ayer being
renmoved. [0037] It will be appreciated that many of
wo b@7ateenent i oned conpounds can exi st in t heP€DUR2007/009505
a salt (e.g., a netal salt, an ammoniumsalt, or the
like), an acid, or as a partial salt. For exanple,
citrates include citric acid, as well as nono-, di-
and tri-salts thereof; phthalates include phthalic
acid, as well as nono-salts (e.g., potassium hydrogen
pht hal ate) and di-salts thereof; perchlorates include
t he corresponding acid (i.e.}llperchloric acid), as
wel |l as salts thereof. Furthernore, certain conpounds
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sahsﬁhm&ﬂﬁing agent and an oxi di zing agent (e.g., certain
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cont A B s 2y BT 5 el camctuce,
for X2t YdREbAic saffdctahisJQilBhis shifedtans, noaishis allﬂf&tarhe, ragffhoteric
[ 0039] . The polishing cqnposition can c
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pol ynmeri c rheol ogi cal control ents, such as, for
polyasysthylane surféftnaﬁqgl'*mmrw élﬂ%c“él!ﬂ‘ thegqiplishing sampogiign typically

is 0.000¢ W19 10 1 . % erlyQPédlo»O{ @ DW.1 2 bARES moddbRBEEbly 0.005
surfactants nohi oni ¢ surfactants, anphoteric

wt. %ok Qficwh?¥)s, ni xtures thereof, and the like.
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refera Wt to 0.05 0 The
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suitaBEHboide 16r SAhip1o anisathiadfinbnE Bidcide. ah¥ adiduhfbf Biocide in the
antl-foan1n agent._ Suitable antlfoan1n%)ggents

pohshwceamosmp typgalfiois 1 to 0 ram.tRseterably ¢, BB and

[004ﬂc et yﬂh‘%rﬂo@lsﬂhg 3&itiofl Bﬁ'éféﬁﬁﬂ] 1@ Qoﬁ&ﬁﬂfly‘?’ staBlae THEREMM colloid refers
anti-foam Rg agent in the polishing conposition

to th@ wpe@ﬁmwf ihe partighes insha iquig saarier. o@&h!?ldﬁh@alpm kgifgrp o the
maln?c%'meéa,ftthmugg&sf&wa@ﬁ tnd’ R PollShing BEmPBLAGLA S ShBideRed

collmdally stable if, when the polishing composition is placed into a 100 ml graduated

cylinder and allowed to stand unagitated for a time of 2 hours, the difference between the
concentration of particles in the bottom 50 ml of the graduated cylinder ([B] in terms of g/ml)
and the concentration of particles in the top 50 ml of the graduated cylinder ([T] in terms of
g/ml) divided by the initial concentration of particles in the polishing composition ([C] in
terms of g/ml) is less than or equal to 0.5 (i.e., {[B] — [T]}/[C] =0.5). Preferably, the value
of [B]-[TV[C] is less than or equal to 0.3, more preferably is less than or equal to 0.1, even
more preferably is less than or equal to 0.05, and most preferably is less than or equal to 0.01.
[0043] The polishing composition can be prepared by any suitable technique, many of
which are known to those skilled in the art. The polishing composition can be prepared in a



sui tabl e biocide, for exanple an isothiazolinone
bi oci de. The anount of biocide in the polishing
w@ooposgitei on typically is 1 to 50 ppm pref er abCUsD0OT/@09505
20 ppm [0042] The polishing conposition preferably is
colloidally stable. The termcolloid refers to the
suspension of the particles in the liquid carrier.
Col l oidal stability refers to the naintenance of that
suspensi on through tinme. A polishing conmposition is
considered colloidally stable if, when the polishing
conposition is placed into 42100 m graduated cylinder
and allowed to stand unagitated for a tine of 2 hour s,
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than or equal to 0.1, even nore preferably is_|ess
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conposi tion” can be prepared by any suitabl e technique,
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CON{'I NUOUS "process nera pol I shing
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onent [ eof i r ger e onent "
comp%% a¢ ‘Hi"?‘& nell%ﬁc Y es&ilonn Oq% dmggesrl%lr?edl en% 5 (e.g.,
[0045])Xi d$alid\gorap@itings, alnﬂmlanebrat\m varslse platéd msmmny more containers

it e BBkt S YRyl bt or e
comp@mﬁﬂ thé @ifstCS¥oRE oF GEHRY b&daa;srsaooiaec afﬁafagq;}s yﬂtxesmor
nprising a polel(ether am ne, Ié'g c‘larrl fth
altemgiiye Haha¥s SHRSEBAAL Yilan aF Biertts ity e cotiponents of the
polishihgd @Jrﬁﬁ&dlt\(@ﬁ Yan BOpRtiAly étr@xtﬁélm%ﬁﬁlﬂmdsse?&ldféﬂy &9méach other and can

oXiI |Z|ng agent can be su liTed in a I rst contalner
be combinieds e.Bn byt ensi-wsershogly ‘%Ff?,@I usei(® 8- d WeEKQEdessingior i use, 1 day

or lest Qﬁ llht'oqfék 0 & drGlss a3 td &, 16 MRhiNeSBr ROTPRGERLSe, FUCRInute or
e pol yet

er anine, and optionall'y the abr asi ve
less paoritooisabr addltlves can be supplied in a second

[00463: ont ﬁl?gl ashs Mrﬁ}% t?on%l&%an%r@bﬂ%ﬁ%s agon&rntratc which is

wocon ree or nore contal ner conbi nati ons
intendefl to be dclotqdomlmas apgiroptiate poloushehliquid sproict piiontoayse. In such an

emboé‘\fpﬁerx]llt yfxe)hs nx(l)éM coenq Ssiffdén 9&%&%’&8 rcgﬁ Q&Li{nfé‘é L&lyjsiﬂelt Qﬁine, a liquid
carrier, and optionally other components in amounts such that, upon dilution of the
concentrate with an appropriate amount of liquid carrier, each component will be present in
the polishing composition in an amount within the appropriate range recited above for each
component. For example, the each component can be present in the concentrate in an amount
that is 2 times (e.g., 3 times, 4 times, or 5 times) greater than the concentration recited above
for each component in the polishing composition so that, when the concentrate is diluted with
an appropriate volume of liquid carrier (e.g., an equal volume of liquid carrier, 2 equal

volumes of liquid carrier, 3 equal volumes of liquid carrier, or 4 equal volumes of liquid



[ 0045] Solid components, such as an abrasive, can be
pl aced in one or nore containers either in dry formor
w@gooad/1gakution in the liquid carrier. NMreoverPCT/US1087/009505
suitable for the conponents in the first, second, or
ot her containers to have different pH val ues, or
alternatively to have substantially simlar, or even
equal , pH values. The conponents of the polishing
conposition can be partially or entirely supplied
separately fromeach other and can be conbi ned, e.g.
by the end-user, shortly befb¥e use (e.g., 1 week or
| ess prior to use, 1 day or less prior to use, 1 hour
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amoupb Withiti thg rangep set fortbrabavs foreach mmmmt re, as will be
t.rat h
undergg%)?ﬁ)n thd eeof;m r?%ﬁn | a?dl nl.Il ﬁlrt]:dagtd élgercfoplgergﬂtgﬁt,ﬁg?dﬁt&ln aﬂrﬁpﬂropnate

fractibhiof tt&rhcpﬁﬂ) cdlrieepieserithin tl'ﬂaolﬁmael Ipohgunpnqnnposmmnm order to ensure that
concentrate rlse ether a 'ne a_liqgui .
the pRSPPELPT e A S PG SORHEr SO R Er T At partialy or
fully aiéﬁdslv&maf susp&iﬁbddhhhléf d:d’ﬂ&eﬁﬁ'adté he concent r ate with an
ppropriate apount of liquid ca each conpo
0047y | | Thaddiigndhe iventipn Pf?g( dest rna‘le‘i ﬂﬁstmlfﬂiw fipehcally polishing
a subSRENWhivh brktitod EdinBides ¢ rcbﬂﬁa@tlﬁg"ﬂlﬂ S straei Wit a 2hemeaf-glechanical
each conponent, For exa t he each .conmponent can _ be

polishing ssiemias depribed heeain G @qvm&ﬁhe RRBEhiNE FHRPORE gelative to the
subst}dhémﬁid Kﬁl) Qbrad: ré AtTBSt a okt JHESE thO SubitrhietB PblisH BRisbstrate.

e 'concentration recited above for each )
[0048]onp dhe wventive et ofplishing@rubstrate trpasdculprly suijgddar use in

en [ [ ' i at
cons R BRI, PP SR BT
appataarsrdoetpns?.s 2platdn, wilichyweheofin usg) lils'. 'nh oation and ha aem]mity that results
from ?{)?%mirgg{ iolé' Ivr:ﬂ'gylgg ﬁlgglgrpvae‘xgll?sixi & 4 cont%ﬁtg\%?ﬁ tl?fel ﬁﬂa%m and moving
with ﬂfetqﬁﬂeﬁ Wﬁi&nﬁl}ﬂ thotieh] add ?garﬁemhaﬁhdldﬂl ) sibstrate tarbeypalished by
t
om0 0 1 o S SRS L SRR o

substPt6 tdRkaE Ylask b Ithé subkifte Meln ng ﬁl&v&dqﬂ R6MALH VAR (ALl ieRiNgdal and the
an appropriate fraction of the éﬁgld carrier present

polishiagcREPPEIHAN of ghe iBMenpTs BitbJIRE PrlisungPas Bavinggelatiyg fthe
substHl@tsotaQ R0 BOaMELNRAstA PIrEoR B ihe sl ratd ol pHsR tRdibkires .

such as an abrasive, are at least partially or fully
[0049]; ssPesirablyy thsmr@@eeram furtbercompsises an & siugplishing] endpomt

ot ARG ST RARIAP Bl RH A ? RSty inspecips onc
momtarhtg:ttie POWHHS BB?’°¢$S)b)Cmﬂmg hghtaor othes ta@%@meﬂhcfad from a surface
of th€ wor Cl:gc!e_arrrg gvr\}h Y Lhe art. Desirably, the inspection or monitoring of the
progress of the polishing process with respect to a substrate being i)olished enables the
determination of the polishing end-point, i.e., the determination of when to terminate the
polishing process with respect to a particular substrate. Such methods are described, for
example, in U.S. Patent 5,196,353, U.S. Patent 5,433,651, U.S. Patent 5,609,511, U.S. Patent
5,643,046, U.S. Patent 5,658,183, U.S. Patent 5,730,642, U.S. Patent 5,838,447, U.S. Patent
5,872,633, U.S. Patent 5,893,796, U.S. Patent 5,949,927, and U.S. Patent 5,964,643.

[0050] Polishing refers to the removal of at least a portion of a surface to polish the

surface. Polishing can be performed to provide a surface having reduced surface roughness



pol i shing system as descri bed herein, (ii) noving the
pol i shing conponent relative to the substrate, and
w@ oo7ji2abr adi ng at | east a portion of the subsPCHUS200T009505

polish the substrate. [0048] The inventive nethod of
polishing a substrate is particularly suited for use
in conjunction with a chem cal - nechani cal poli shing
(CWP) apparatus. Typically, the apparatus conprises a
pl aten, which, when in use, is in notion and has a
velocity that results fromorbital, linear, or
circular notion, a polishingl$ad in contact with the
pl aten and noving with the platen when in notion, and
a carrjer l..ds I .. j

by refigf e bdtash Rhef B B RRLR Bolifhufl 480 Ll 8 B Rimed to

introdhedei ot iestorepashr fate geqrottirg bhanarterfized ey auiptersestion phirkapar segments.

| ace by the. supstrate bein | aced. i.n, conta ' .
i L e e R
espediflYeiddf@for pblishingd € sybstraeltofprivag anledstigne alat ofipplysilicon, silicon

__the substrate,. so as,tﬁraﬁrade a%yle t a.Porti nt?f ¢ 1
oxids, jgdion BlicPa pEride, e5BTGially atieast s tayeh of Polyiyawyn and at least one fayer

of silk&sl cfx@&% %dé&ﬂ“s@h(g%;’ hifURA e Yol ysilidonQiye: AeFiFdbiR & rétholved from the
situ polirsnin en.p0|nt etection_system man . .
substig{ @ha e ORﬁQQ?WmW L S Bimirfo %Q@p‘g&%@o" A/min to
2000;3‘?&:%.{{})6‘1l FOU ABinthq 500 Asi) N THe sAtRf Dxkie 18P dégiritly is removed
i ght” or

other radiation reflected froma surface 25 )
fromtthe swhstriisi 2 @aatgos 4R0 Jvmin ar kepw(eg 30 incgy|lgss, 2HpA/min or less,

or zdonﬁ&gﬁitdr ) rTﬁ@miE&{ ﬁﬂ'ﬂiquyérnfesﬂﬁﬁg risﬁ%ih&fed tﬁl?)?n the substrate at a

poli ng process w respect to a substrate being
rate qfol00shvpainem s €6 g1, BEO deénin oi less, 260 Admin heless|or 289 dgmin or less).

end-point, [,.e., the detern nati.on ene i
o AFFHRR AR oS b5 R G Rl M Rpsng amounis o
polydthért dmink and/ou s hdditienal Surihe irethe pdiisking coepasitibed, f or

o052 bS58 e o B o coure, houtd
be consRiad 84 anly)-way IaitRiptitssc6p8, 183, U. S. Patent
5,730,642, U.S.” Patent 5,838,447, U.S. Patent

5,872,633, U S Patent 558388MMG 1 U. S. Patent
5,949,927, and U.S. Patent 5,964,643. [0050]_Poqlishin
[0053L: o Lhis gxamiele dgmgpsiratesythg ability i adjus 6‘5% ﬁ%lféﬁtﬁ)?lﬁm rimoval by
usinS ¥ pHRGfng CorRPdditbh Rhﬁ:h%ﬁfaﬁ%epolﬁ&hé:rﬁi?ﬁiﬂ&. can be
e

rformed to provide a surface having reduced surface

[0058bughhpobysilicoa Wﬁrrpgldm@gl}osg}uﬁi]é@te gﬁa§ss(’BP£§Q1) wafsr were polished

with sl G ftefitl ¢ bbs‘iﬁ?ﬂg eSS WiaBh BEntR&Ed 95 RRD, IlRmEdkied BaRicles and
or restore a surface geonetry characterized by an

was adjtnsted tca pHrofdi0 witla 4370 prrg FVIASL. Fige of themeemnpesitions were further
o M B B SN P 5D XSS wherin
X is Z0(B230)ea compoursi ofF anulas@swherein X is/e6 (BF400), a compound of
Fornbdh Vi) wh&2ihi x §'7 is $%'and y is 8-9 (ED-600), a compound of Formula (II) wherein
x +z is 2-3 and y is 15-16 (ED-900), or a compound of Formula (I) wherein x + z is 2-3 and
y is 40-41 (ED-2001).

[0055] The polysilicon and BPSB removal rates (A/min) were determined for each
composition, and results are plotted in the graphs of FIG. 1 and FIG. 2.

[0056] The data reflected in FIG. 1 and FIG. 2 show the effects of the various

compositions (ppm) when used to polish the polysilicon and BPSG wafers (A/min),



oxi de, and/or silicon nitride, especially at |east one
| ayer of polysilicon and at |east one |ayer of silicon
w@z6oda2anrd/ or silicon nitride. The pol ysili conPCEHYE2007/009505

desirably is renoved fromthe substrate at a rate of
400 AAmn to 4000 /Y mn (e.g., 500 AAmn to 3000
Almn, 600 Amn to 2000 A/ mn, or 700 AAmn to 1500
Almn). The silicon oxide |ayer desirably is renoved
fromthe substrate at a rate of 400 AAmin or |ess
(e.g., 300 A/mn or less, 250 Almn or less, or 200
Almn or less). The silicon Mtride layer desirably is
renoved fromthe substrate at a rate of 400 A/min or

respeétg%é (£:i9a %prﬁ%sﬂ%grmﬂ%sﬂéa él%§§1ted2§1000% BAS Othat €= DolyRilicon

A/ m n cussed above, these rates
remoc:arratb@aatbp wsadified frorhd0Gtoetden Admin whiile freaintaininginam BPSG removal

rates 8&5 8 83%1‘%%%%” %“%ﬁ%ﬁgﬂ{ {h%: %P?llo&ﬂmerng)l(%lﬂu]t gghxle not

wishihg té bebomid by aniyapartitiilar thevnnitiiobelmved thoft thfomlom;llar weight and

hycrcqigetty kPRl OB spS Rl SERIGHY e Ak B paysitcon

remo@&ll |’I'h'h¥ K)Dclﬂiilsiiﬁ;tthé bérrébalande Glthys thioqeopéresn wadesivyd polysilicon
usi ng pol i shi gg conposi tion which contains polyether
femo&%h‘ﬁ@é’an[bG@Sh}]eV pol ysilicon wafer and a

[oos-}ior OGS PR 4 ikdiftdha saatBRER om%%pnwi&tyqaé tefleedd by the
th six different conESsHl ons, each of whic

numhgg nf tiernsdypropyienepridastpins) and melgeular veight ﬁ%ﬁ%@vely, of the
polye%gérléﬁhﬁ? td fe FatRldf QE)IL#H}] oBh tdndvid QARRIR) TM@"the miBerddt ﬁcﬁ‘ﬁ)ropylene

conmpositions were modi fi'ed by the addition of
ox1d®mha1r[sfortthem‘0¢¢dulammght'b'fﬂle amige ipivgredsest, tropatysilicqnmemoval rate
decmwheer ein x is 2-3 (D230), a conmpound of Forrmula (T)

Wherein x is 5-6 (D-400), a conpound of Formula (11)
wherein x + z is 3-4 and ' (ED-600), a conpound
of Formula (H) wherein XE¥-(AZI§[IP§ -3 and y i.s 15-16
[005$]ED- s-nh@ ¢xaﬁtplélfln‘th’ep diustrates theoaffagt an ¢hel r)emntvelr wates of pelysilicon,

ED- 2001

silieqapis, R O ah i B Y FBrSor f RUVTRRL IRl fp g polisting

compﬂﬁ{tﬁhm ned for each conposition, and results are

otted in_the graphs of FIG 1and FIG, 2..[00 he
1005812t = & OEEERE VRHE A BFSG whldh s eFachidisio i 0 ¢ QY Wafer, and
a mtr@ée Wher wak FSHﬁleQWPﬁiréd dlﬂ'ére&@@d;ﬂlpdﬂ"l%hsy 8&sh SfOv1ich coitained 12

he pol ysilicon and BPSG wafers mn), res ectlvel
%| furied sisgaaginles, padivap adigated topp eélé?ﬁ degifric acid. The

compdiftfont BRrPRINEE hiddded by the addition of one of the following. TTD, a
compound of Formula (I) wherein x is 2-3 (D-230), or a compound of Formula (II) wherein x
+ 2z is 2-3 and y is 15-16 (ED-900).

[0060] The polysilicon, BPSG, TEOS and nitride removal rates (A/min) were determined

for each composition and the results are plotted in the graphs of FIG. 5 and FIG. 6.

[0061] The data depicted in FIGS. 5 and 6 illustrate the amount of polysilicon removed ‘
(A) and the amounts of silicon oxide and silicon nitride removed (A) relative to polishing
time (min), respectively for each composition. As is apparent from the data presented in the
FIGS., the polysilicon removal rate can be adjusted as desired, while maintaining low rates of

removal for both silicon oxide and silicon nitride.



renoval rate can be nodified from400 to 4000 A/mn
whil e mai ntaining | ow BPSG renpval rates by sel ecting
W0 b@7appeopri ate pol yether amine in the appropPCHUS2007/009505
amount: While not wishing to be bound by any
particular theory, it is believed that the nol ecul ar
wei ght and hydrophobicity of the pol yether am nes have
a significant inpact on the rate of polysilicon
renoval . Thus, by choosing the correct bal ance of
these two properties, a desired polysilicon renoval
rate can be achieved. [0057]1¢IGS. 3 and 4 illustrate
the rel ationship of hydrophobicity (as reflected by
the nunber of the pol ypr ggydepgeoxi de clainms) and
nmol ecul ar wei ght, respectively, of the polyether am ne
[0062]0 t Aibis exaenpié ilpustrgtes MecasFect emtheaemoralyate) of siiconutride and silicon

oo oo B AR BT g LS on

[0063]e rm\Aathndd wafteanéd aFEOS wxfividrc ﬁom@aaqlthw@ @f@m@l e

rth { th ff {
comB ok S S SUASE P ISR el o

pH oP 1@ SLhCGenbninal hrirbeide aﬁhi’tﬁs aduﬁ. sr hp@bn@bsmgns were further modified

0Sition. [0059] A lysilicgo fer. S
by thg SBRRAE A, 2 Romepridal Eormiot Whern x s A (P-2305 bt a
com;ﬁiuhﬂ lof @ onAhRI(I)Waisersial » 18 5e6l (mi400).t hr ee di fferent
nposi tions, each of which contained 12 w. % fu
Resf o Fach

(00645, | | Jaxegmdp@péém%@wgl g SUSYBYD) Werg dsier

compMdnaEﬂi ﬁietréélﬁts ottdd & (he [FRsPhs lof IS, WG, BUaddEIG. 9.
modi fi ed ition of one ofthefollovmn

[0063] oﬂﬁ@lﬂﬁtﬁl @ﬂe@ed FﬂJFE} (1 Mugsete dharage einitridy remngldWﬁ%?) relative

to th@mﬁ?@ﬁ%é?%% @g@%k-g Mﬁ{ﬁ Sgﬁl( o'tné Rbﬁslgré%c&'ﬁ odition. The

data peflcted fin FOESr 2 amd/Q Isha\atfeasra(Wﬁmh')dqmrTeEQﬁsrmwah rfll@lb

B

compd?.ltiaanmlEs).am i ?%ﬂdrmtﬁ‘omt ¢het duta pnmmed mfthg EIIGSJ ithecpresence of
e anoun i.con oxide

polyalfeR AR eH N BEHTETE GUEPiG o ST D6 BTG

quate(rﬂw)anuﬁe SuCdsi TIA, feah nedsthinclowatss tolfeimcoﬂ\mmde and sﬂlcon oxide

{Jarent fromthe data presented in the
remova

EXAMPLE 4
[0066] This example illustrates the effect on the removal rates of polysilicon, silicon
oxide, and silicon nitride by the presence of polyether amines and/or TMAH in a polishing
composition, and by the pH of the composition itself. -
[0067] A polysilicon wafer, a nitride wafer, a BPSG wafer, and a TEOS wafer were
polished with compositions containing 300 ppm of a compound of Formula (I) wherein x is
2-3 (D-230), varying amounts of fumed silica particles, and varying amounts of TMAH, at
different pH’s.
[0068] FIG. 10 shows the effect of the pH, the amount of TMAH (ppm), and the amount
of abrasive (wt.%) in the polishing composition on the removal rates of polysilicon, BPSG,
TEOS, and silicon nitride (A/min). As is apparent from the data reflected in FIG. 10, the

polysilicon removal rate was affected primarily by the pH and the presence of D-230,



FIGS., the polysilicon renoval rate can be adjusted as
desired, while maintaining | ow rates of renoval for
wdodo/1871ki con oxi de and silicon nitri de. EXAMPLECBUS2007/009505
[0062] This exanple illustrates the effect on the
renmoval rate of silicon nitride and silicon oxide by
t he presence of polyether am nes and/or TMAH in a
pol i shing conposition. [0063] A nitride wafer and a
TECS wafer were polished with three different
conpositions, each of which contained 6 wt. % funed
silica particles, and was adllsted to a pH of 10 with
ammoni um hydroxi de or nitric acid. The conpositions

I | T .
whergﬁ tﬁe gﬁ" 8811? ?*g@%%bﬁ??&?ya\xﬁgﬁ es?ﬁlg: )?'Sclkéé? tﬁ% s%%&gl%?’de (r)erm%val rate,
were affaq:xedl by thd arfounndfaANIAH priessng imthe potisiing cOMpasiGpn.
[0064] The nitride and TECS renoval rates (A/mn) were
determ ned for each conmp&XAMBRE :and the results are

lotted in t hs. of FI
[00“{1006 g? demaPstiuc the ¢ ‘%P&tﬂzg“ﬁ%“‘l 9 ﬂ"?ﬁ“?by the
presehéd 6f 'DfDri]tcltaJ’pdgehmgltbmbsmgﬁm n) relative to t he
of D- TVAH ..added,. t o\
o0 K S b 60 CHRIR 0 AL BRI b B eblforposicons,
each a&ﬁa&@w D& coriefsgonPollyrhélezedrsilidaC®ecsmtia kwo composmons was
respectivel ty)i relative to the anount

furthes o Reit b sAditimob 26 TR Wt PERTafe Ghe inventive

compoSitiAg) Th@@or(h‘m |c8§1?pomﬁ§n hd 3 pPRsEN1-9f 9, Wiletfie dfeative composition
presented in , the presence of pol.yet her

has agpi] a&E0.8n the pol i shing conposition, either alone or
[00710]n c q"ﬁglsﬁﬁ:_t)h(}f:}nm&r}a@ @it r@%r&te@ﬂr{éﬁ o edbradni¥altion, and the

an maintain wrates of silicon nitride and silicon
resulsmdplomm&ie gr&‘pbﬁmiﬂ@ 41[ 0066] This exanple

[007idI | us[thf%tag deplc Inf £ 19 gllﬁiﬁeat%qﬁé’ %ﬁﬂl)uﬁta&fes?l tg ereglyv%%g&/min) by

1 con, I con OXI I con ni
each pomapeditien. oAs Mmmtdm Ifroamlne&taquddented'ﬁmlmﬁ 1 zhe silicon removal rate

was igg%lﬁ%g! t{])?té}%% 1313'}1?0% %&)gr%j le rﬁ%{x]wg §‘$ Flfecpoo lsgﬁfg composmon

nitride wafer, a BPSG wa TECS waf er were

pol i shed wi th conpositi o%‘m:ﬂ% (ﬁi ng 300 ppm of a
[0073]0 ”pqlﬂlﬁﬂjeﬂinﬁ@ ﬂﬁhbﬁst(akés thé effédt dn)thé Sm3ust df[&oﬂﬁ&)that diffuses into
the S‘é‘ﬁ%ﬁ?rﬂ sglfngo%nt yrtrl?edprgéelnlcg %f g‘lae{atl cl'Clelators ﬁllna pohsli')YI g
composition.
[0074] A 300 mm P+ epitaxial wafer was polished with two different compositions, each
containing 30 wt.% condensation-polymerized silica and 1 wt.% TTD. One of the two
compositions also contained 0.1 wt.% Dequest 2060 and 0.75 wt.% NH4OH and had a pH of
11. The other composition was further modified by the addition of 1 wt.% EDTA, 1 wt.%
piperazine, and 0.52 wt.% KOH, and had a pH of 10.8.
[0075] Following polishing and cleaning, the wafers were subjected to out-diffusion in a
furnace. During this process, any diffused copper present on the surface of the wafer was
collected by vapor phase decomposition and analyzed using an atomic absorption
spectrometer.
[0076] The copper concentration (ppb) in the wafer was determined for each

composition, and the results are plotted in the graph of FIG. 12.

~



different pHs. [0068] FIG 10 shows the effect of the
pH, the anmount of TMAH (ppm, and the anmount of
wa@boroagemel (w. % in the polishing conposition POT/URE07/009505
removal rates of polysilicon, BPSG TEGCS, and silicon
nitride (AAmn). As is apparent fromthe data
reflected in FIG 10, the polysilicon renoval rate was
affected primarily by the pH and the presence of
D- 230, whereas the silicon oxide renoval rate, and to
sonme extent, the silicon nitride renoval rate, were
af fected by the anmount of TMMH present in the
pol i shi ng conposition. EXANPLE 5 [ 0069] This exanpl e
eno r f A
(007377 1B WBaEplche R 12 ARTAENELAE O] Tt EEFA 1o e
pohstpﬁg €6inpAsiflon graatlpredimeéd tlm dlfii:smnmmppem&oxpahe slueny into the wafer,

BETIVR N NI T D

contr§1asXpefihiehOSSp SR Ririgld §1ﬁh€lﬁr wafbr figch dnilaheompesitiomrbudtodtaining no
W . % TTD and 1 .%p razl (the.inventive

metal ieieh PraoAPt SRS R RGPS A P Had & pH of
9.1-9.5, while the inventive conposition has a pH of
10.8. [0071] The silicon renoval rate (A/mn) was
determ ned for each conposition, and the results are
plotted in the graph of FIG 11. [0072] The data
depicted in FIG 11 illustrates the amount of silicon
renmoved (A/mn) by each conposition. As is apparent
fromthe data presented in FIG 11, the silicon
renoval rate was increased by the addition of TTD and
pi perazine to the polishing conposition. EXAMPLE 6
[0073] This exanpl e denonstrates the effect on the
amount of copper that diffuses into the surface of a
silicon substrate by the presence of netal chelators
in a polishing conmposition. [0074] A 300 mm P+
epi taxial wafer was polished with two different
conpositions, each containing 30 w. %
condensati on-pol yneri zed silica and 1 w.% TTD. One of
the two conpositions also contained 0.1 w. % Dequest
2060 and 0.75 wt.% NHAOH and had a pH of




11. The other conposition was further nodified by the

addition of 1 wt.% EDTA, 1 w. % pi perazine, and 0.52
wowora K@y and had a pH of 10.8. [0075] Fol | owr@myus2007/009505

pol i shing and cl eaning, the wafers were subjected to

out-diffusion in a furnace. During this process, any

di ffused copper present on the surface of the wafer

was col |l ected by vapor phase deconposition and

anal yzed using an atom c absorption spectroneter.

[0076] The copper concentration (ppb) in the wafer was

deternined for each conpositi®%n, and the results are

plotted in the graph of FIG 12.[0077] The data

depicted in FIG 12 illustxphfgst hat the addition of 1

wt . % EDTA to the polishing conposition greatly reduced

the di wahlemmabﬁn@bpqueal polisoing tspsters| far pglishimga sybstrate comprising:

\(l:vaoéf ai nt Bglrl]fémig %Be/éjrﬁ\éhffgg tft}gggxall th%.[#e rﬁ%ocﬁlgn TBﬁr?é 59 Polishing pad,

an ab2asey, an® Blcombimdiohshérasf,a sinmlar wafer with a sinmlar
conposi ti.on,, but confaining no netal chelator, was not
evi® uat%HqF‘H‘iaﬂ?%r’ ticular experinment.CLAIMS 1. A
h%;ﬂ Cah coRpOMY Selctédiromithe grouy ToRtitny ool i shing a
substrate conpri sing a) _.a pol 1 shing conponent
selecteﬂ)froﬁFPW@°§W$9é &oenula(By of a polishing pad,
an abrasive, and a combidgition thereof (b) aliquid
carrier, and (c) a conpound sel ected fron1the group
consi sting of (1) a conppund : la (1)
wherein x = 2-6, ( co ‘ HHIa (rn)
wherein x + y = 2- 2Mnd y = cofbi nat i ons
t hereof . 2. The pol i shing systemoflclaiml1, wherein
the pol'i shing system further conpri&ds a conpound
h selec?l fromthe group 4,7, 10-trioxatridecane- 1,1
whergidt afitie, pi perazi ne, and conbi nations thereof. 3.
The pol (®hi ng ceupoand of thelFairmmih, (Ihher ei n t he poI i shi ng

systen1conprb§es a CH

wherein x + y = 2-4 and y = 1-50, and

3) combinations thereof.

2. The polishing system of claim 1, wherein the polishing system further
comprises a compound selected from the group 4,7,10—t1ioxatridecahe-1,l3-diamine,
piperazine, and combinations thereof.

3. The polishing system of claim 1, wherein the polishing system comprises a
compound of the Formula (I) wherein x is 2-3 or x = 5-6.

4. The polishing system of claim 1, wherein the polishing system comprises a
compound of Formula (II) wherein either (1) x +z=3-4and y=8-9, (2)x +z=2-3 and y =
15-16, or (3) x +z=2-3 and y = 40-41.



conmpound of the Formula (I) wherein x is 2-3 or x =
5-6. 4. The polishing systemof claim1l, wherein the
w@oeioraliliag system conpri ses a conmpound of For neCEUS1007/009505

wherein either (1) x +z =3-4 andy =8-9, (2) x + z

= 2-3 and y = 15-16, or (3) x +z =2-3 and y =

40-41.5. The polishing systemof claim1, wherein the

pol i shing system further conprises a conponent

different fromthe conpound and sel ected fromthe

group consisting of primary am nes, secondary am nes,

tertiary am nes, am noal coho?®, quaternary am nes, and

combi nations thereof. 6. The polishing systemof claim
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conpound of the Forrmula (1) wherein x = 2-6, (2)

polyﬁl%ﬂm@mdmcmﬂﬂmmﬁhﬁe?ﬁ) wherein x + z = 2-4 and
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shing conponent tive to ubStrate, and
compfises:) abrading at |east a portion of the substrate to

pOéd' sh E(pn%ac%xlflgsat duBkate with a chemical-mechanical polishing system

comprising:

(a) a polishing component selected from the group consisting of a
polishing pad, an abrasive, and a combination thereof, ‘

(b) a liquid carrier, and

(c) a compound selected from the group consisting of

a compound of the Formula (I)

(2) a compound of the Formula (II)

wherein x = 2-6,
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wherein x + z = 2-4 and y = 1-50, and



9. The nethod of claim8, wherein the polishing system
further conprises a conmpound selected fromthe group
w@omgitgtiecng of 4,7,10-trioxatri decane-|, 13- di aP€TE$2007/009505
pi perazine, and conbi nations thereof. 10. The net hod
of claim@8, wherein the polishing system conprises a
conpound of the Fornmula (I) wherein x = 2-3 or x =
5-6. 11. The method of claim@8, wherein the polishing
system conpri ses a conpound of Fornula (I T) wherein
either (1) x +z =3-4andy =8-9, (2) x +z = 2-3
and y = 15-16, or (3) x + z212-3 and y = 40-41. 12.
The net hod of claim 8, V\/nerei n the polishing system
further conp(3i sescgm %regffferent fromthe
conpound and gel ect ed omt e group consisting of
priirar ymaw'ingehq p«slésd:lmgtzmgpmnmtatlve ¢o theaupstzate.and,
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Plper%’t‘%&adGPm@F%nﬁf‘&H‘er%fere| n the polysilicon layer is
r el'@V edriid RHRDFeiatd, MtRréth tik potsRinglsydieth ddnpted a compound
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of theskigymula(d whsmin xse3-3r% TP oxi de, and the silicon
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A'mn or |ess. of clalm 4. wherein the
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nitr d fromthe substrate at a rate of 200
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substr whi ch met hod
combinations ereof

13. The method of claim 12, wherein the component is tetramethylammonium
hydroxide.
14. The method of claim 8, wherein the substrate comprises at least one layer of

polysilicon and at least one layer selected from the group consisting of silicon oxide, silicon
nitride, and combinations thereof.

15. The method of claim 14, wherein the polysilicon layer is removed from the
substrate at a rate of 400 to 4000 A/min.

16. The method of claim 14, wherein the substrate comprises silicon oxide, and
the silicon oxide is removed from the substrate at a rate of 200 A/min or less.

17. The method of claim 14, wherein the substrate comprises silicon oxide, and
the silicon nitride is removed from the substrate at a rate of 200 A/min or less.

18. The method of claim 8, wherein the polishing system further comprises a
compound selected from the group consisting of EDTA, oxalic acid, polyphosphonates, and

combinations thereof.



conprises: (i) contacting a substrate conprising at
| east one | ayer of polysilicon with a
we@b@miizakt nechani cal pol i shing system conpri si PQI/USZY7/609505

pol i shi ng conponent selected fromthe group consisting
of a polishing pad, an abrasive, and a conbination
thereof, (b) a liquid carrier, and (c) a conpound
selected fromthe group consisting of (1)
4,7,10-trioxatridecane-|, 13-diam ne, (2) a conpound of
the Formula (1) wherein x = 2-6, (3) a conpound of the
Formula (Il) wherein x + z =22-4 and y = 1-50, and (4)
conbi nations thereof, (ii) noving the polishing -
copponent
COTRONSR bk Ferh RIS HARLAR, S & b, wich mothod

com;triuessubst rate. 20. The nmet hod of claim 19, wherein the

shin stem further conprises piperaz
t od 8‘?"%‘% f'{-‘e\‘}ﬁng}Pﬁl%e& Eegﬁtlp %xﬁl Ay S'}E)to es%i‘licoﬁ%th a
chenfli_ﬁd"mﬁécﬁlﬁﬁlgél }?olﬁlﬂmgtdyit‘gmv%mlﬁmm’l& 1, 1|3 d:']am ne. 22.
e nethod of cl.ai.m erei olishin stem
conpri séd a a&cHshiRg CB‘F‘PPH%“%]FWEIE"I e\/ﬁﬁ%‘l'lgf‘ﬂy ting of a
pohsgm% ;%Gi ¥n abrasife, 28d-a condbif@idMfebsf,cl ai m 19, wherein

I shi ng systen1conpr|ses a conpound of Formul a
(IT) \/\h@?)elnaél‘JPFfb‘Fal'{‘T)aR +z=34andy = 8-9, (2) x
tz = 250} ang cﬁmpoqnﬁd $8ectld fr()ﬁ)thégi%t% congls?m%(id y =
40-41. The nmethod of —claim 19, wherein t
pol i shi ng syﬁfbnwFhﬂi@@moxﬁwﬁm*ééé1§*b@nﬂﬁhent

di fferent frwth ‘&Hﬂ%fﬁ{éq:o?ﬁlu‘?é: d fromthe

group consi sti’ng of p nary am nes, condary am nes,
tertiary am nes, am noal@dhol s, quaternary am nes, and
NH2

3
wherein x = 2-6,
3 a compound of the Formula (II)
CH

N%/\MQ\}

wherein x + z = 2-4 and y = 1-50, and
@) combinations thereof,
(i1) moving the polishing component relative to the substrate, and

(iii)  abrading at least a portion of the substrate to polish the substrate.

20. The method of claim 19, wherein the polishing system further comprises
piperazine.
21. The method of claim 19, wherein the polishing system comprises 4,7,10-

trioxatridecane-1,13-diamine.



conbinations t hereof. 25. The nethod of clai m 24,
wherein the conponent is tetranethyl ammoni um
wogaroxilde. 26. The net hod of claim19, wherei PCT/H82007/009505

substrate further conprises at |east one |ayer

sel ected fromthe group consisting of silicon oxide,

silicon nitride, and conbinations thereof. 27. The

nmet hod of claim 26, wherein the polysilicon [ayer is

renmoved fromthe substrate at a rate of 400 to 4000

Almn. 28. The nethod of claim 26, wherein the

substrate conprises silicon @3 de, and the silicon

z?lde is renoved fromthe substrate at a rate of 200

N Ol es
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ofﬂtXI/Rdmﬂ@ (Ip wherehv e & X-8 onxt=h®-6subst r at e at a r at e of 200 ~
n or_l|ess 0 od. o
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of FFRia (TP whersip eigist g1 Bt irng= 814 = 80X dR) x +ac+ @;3 and y = 15-16, or

polyphosphonates and conbi nati ons thereof.
(3)Xx +z=2-3and y = 40-41.

24. The method of claim 19, wherein the polishing system further comprises a

component different from the compound and selected from the group consisting of primary
amines, secondary amines, tertiary amines, aminoalcohols, quaternary amines, and

combinations thereof.

25. The method of claim 24, wherein the component is tetramethylammonium
hydroxide.
26. The method of claim 19, wherein the substrate further comprises at least one

layer selected from the group consisting of silicon oxide, silicon nitride, and combinations
thereof.

27. The method of claim 26, wherein the polysilicon layer is removed from the
substrate at a rate of 400 to 4000 A/min.

28. The method of claim 26, wherein the substrate comprises silicon oxide, and
the silicon oxide is removed from the substrate at a rate of 200 A/min or less.

29. The method of claim 26, wherein the substrate comprises silicon nitride, and
the silicon nitride is removed from the substrate at a rate of 200 A/min or less.

30. The method of claim 19, wherein the polishing system further comprises a
compound selected from the group consisting of EDTA, oxalic acid, polyphosphonates, and

combinations thereof.



