WO 2007/ 127121PCT/ US2007/ 009505 POLI SHI NG COMPCSI TI ON CONTAI NI NG
POLYETHER AM NE FI ELD OF THE | NVENTI ON [ 0001] Thi s i nvention pertains
to a polishing conposition and a nethod for polishing a substrate
usi ng the sanme. BACKGROUND OF THE | NVENTI ON 10002] Conpositi ons,

syst ens, and for pl anari zing or polishing the

substrate, espec?ﬂ?ﬁy for chem cal - mechani cal pollshlngH%%ﬁéﬁw°

well known in the art. Polishing conpositions or systens (al so knomn
as polishing slurries) typically contain an abrasive material in an
aqueous solution and are applied to a surface by contacting the
surface with a polishing pad saturated with the polishing
conposition. Wen used for polishing substrates conprising netals,

t he pol i shing conpositions often conprise an oxidi zing agent. The
pur pose of the oxidizin ent is to convert the surface of the

netals into a sof tRQLIS ‘% PYRSITION Sy M NING R OLYETHER AN e et al
itself. Thus, polishing conpo xi di zi ng agents in
conj unction with abrasives geﬁ@bgﬁqéwﬁggﬁﬁb%&ﬂggg aggressive
mechani cal [ehsi Ghisdhventiv periiag to atpelishing cehpasitidy enda methorbior pdishiggidrage
to the subsgiyft€.GALBEddy the abrading process. Additionally, the

presence of the oxidizing agent frequently increases renoval rates
for the netals and i ncreasaACRKGROYNDLOF THE aNYENTION | on setti ng.

[0003] As a [mgod aoglpggrﬁ?qlgasggég% %ﬁg@gﬁ ﬁgxm&@&g}aﬁmﬁ%a{c s{;!.@aet-spa a

great deal tten owards a shal N'ow trench
i sol ation (SSEatsreseesislly fi§ é?%maal'ﬂeF‘i%ﬂ Pﬁ}‘%hﬂgdgméf&’rw‘f“slmf’w e dh a
silicon su lmhﬂmg&pmpb@thdn@w dyEteE ARG kiadven s @oNeRLhg ¢lufries) tgit4lly couitain an

photolitho -a ¢ di e ectnit I i L.
trenches. %&égf%m% P at o u?ﬁs‘ﬁmmﬂgg¥%eﬁ?ﬁFﬁ% %g%$g5%8f%%é%?ggg%ﬁ%d
in this manritya polishingpat yasietad Wth the pelishing womppsiiepo ¥iben ayfd & pelishings

di el ectri C sfgtskd dmppiBing Rk tht b&s&ugs&nﬁp%haoﬁsaﬂem&ﬁ;@ls@mlm@g sgen.

filling of all trenches.  The excess dielectr
oxide) is tHERUPYSO Qﬁo “‘F&%ﬂ%’d“ﬁ‘gﬁ%"%@ °t%§gg°a%ﬁbf Tore

pl anari zat irexdilpatosdable nateriektbastbe tbtel ikl Tow, mhtlmnmwgw@ns coffipsisinghe
silicon nit ?ﬁ%& g&ﬁg inlcOniGIIROS Rl abriMvel Eerngﬁﬁ& re@hiRAeRhglBRive HRShRlIe

exposed to | -nmechani cal pol1Shing system conprises, silicon
nitride, web@sonpithe %“I‘?@W“bé’h’ﬁB Feduges aw'flﬁma@ HF‘E%&’& toyth Fﬂ’ﬁn%)) © FRUSHHAY W d
uni f or m surabagiag plc0& 4GBy, e prgsast ofthactidicieg hgest hapentlynaepssasi ze

sel ectivi t){_ fo m{%%&%&%&a‘imﬂa °"435d"%?3'§35’§mﬁ§551‘9d@*‘“ Gafghi tride

pol i shi ng. I'T’con ni served as-a stoPplng
WD 2007/ 12 IQMPC\/@SWC@G@'Bthzg elements of a semiconductor device, a great de

attention is being directed towards a shallow trench isolation (STI) process where a silicon

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 systern comprises silicon niﬁ’ide, 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



| ayer during the chem cal -nmechani cal planarization process, as the
overall polishing rate has decreased upon exposure of the silicon
nitride |ayer. For exanple, U S. Patent 6,544,892 and references
cited therein describe polishing conpositions which provide
selectivity £on dioxide to silicon nitride. Al so t ent

6, 376, 381 de é}%géélfhe use of certain nonionic surfaéﬁﬁ“?gm?%Pw°

i ncrease the polishing selectivity between silicon oxide and silicon
nitride layers. [0005] Recently, selectivity for polysilicon polishing
in preference to silicon oxide and/or silicon nitride polishing has
al so been enphasi zed. For exanple, U S. Patent 6,533,832 describes a
purported increase in polishing selectivity of polysilicon to :
interlayer dielectric materials (e.qg. , 2silicon di oxi de) through the
use of an al cohol am ne sel ected fron1d|allcylethanol am ne, al kyl

di et hanol mdrderingtheiclipmitiahmethphioatiplaparizatinatprmppss jas ey sl polishing raté has
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a need in the art osi ti.ons
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i nvention, |ona I nventive features, wll be apparent
fromthe dE%@?lptlon of the invention provided herein. BRI EF SUVMARY
OF THE | NVfsbigdjON ]k&@;ﬁl}] mn¢1W&ﬁmcmemn§rm cedilicon oxidnandik
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[0006] Despite these polishing compositions and methods, there remains a need in the art
for polishing compositions and methods that can provide controlled selectivity of polysilicon
relative to silicon oxide and/or silicon nitride. The invention provides such compositions and
methods. These and other advantages of the invention, as well as additional inventive
features, will be apparent from the description of the invention provided herein.
BRIEF SUMMARY OF THE INVENTION
[0007] The invention provides a chemical-mechanical polishing system for polishing a
substrate 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 (¢} 2

compound selected from the group consisting of (1) a compound of the Formula (I)

CHa
)\X/O
N NH
x
CHs

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



CH3 CH3 NH2 CH3 wherein x + z = 2-4 and y = 1-50, and 3)

conbi nati ons t hereof. 1000811 n addition, the invention provides a
nmet hod of chem cal |l y-nechanically polishing a substrate, which nethod
conprises (i) contacting a substrate with a cheni cal - mechani ca
pol i shing systemconprising (a) a polishing conponent sel ected f.

the group coﬁ%cf@?"i'lﬁg%of a polishing pad, an abrasive, Pai{Sy07/009505
conbi nation thereof, (b) a liquid carrier, and (c) a conpound
selected fromthe group consisting of a conmpound of the Forrmula (I)
wherein x 2-6, a conpound of the Fornula (I1) wherein x + z = 2-4 and
y = 1-50, and conbi nations thereof, (ii) noving the polishing
conponent relative to the substrate, and (iii) abrading at |east a
portion of the substrate to polish the %ubstrate. [0009] The invention
al so provides a nethod of chem cally-nmechanically polishing a
substrate, which nethod sprises (i) contacting a substrdfts

conprising at |east one llayer of polysiljicon wt
chem cal - mechani cal pol jisRi{ ng ri st (p}° ' ngz
conponent sel ected fH:8m t he™g tQ°ng of ol i shi ng pH . An

abrasive, and a conbi nation thereof, (5) a quuidycarrier, and (c) a
conpound sel ected fromthe group cBhisisting of

& 7, 10- U1 T Qtdid #9601 dnalys s Th@) comcBaAEg.f the Formula (1)

[0008] In addition, the invention provides a method of chemically-mechanically polishing
a substrate, which method comprises (i) contacting a substrate 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) wherein x =
2-6, a compound of the Formula (IT) wherein X +z=2-4 and y = 1-50, and combinations
thereof, (ii) moving the polishing component relative to the substrate, and (jii) abrading at
least a portion of the substrate to polish the substrate.

[0009]) The invention also provides a method of chemically-mechanically polishing a
substrate, which method comprises (i) contacting a substrate comprising at least one layer of
polysilicon with a chemical-mechanical polishiﬁg 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 4,7,10-trioxatridecane-1,13-diamine, 2 compound of the Formula (I) wherein x
= 2-6, a compound of the Formula (II) wherein x + z = 2-4 and y = 1-50, and combinations
thereof, (ii) moving the polishing component relative to the substrate, and (jii) 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 (IT) 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). ' '



2-6, a conpound of the Formula (I1) wherein x + z = 2-4 and y = 1-50,
and conbi nations thereof, (ii) noving the polishing conponent
relative to the substrate, and (iii) abrading at |east a portion of
the substrate to polish the substrate. BRI EF DESCRI PTI ON OF THE
SEVERAL VI EWS OF THE DRAWNGS) [0010]FIG 1 is a graph of

pol ysi li con MEM3V&P"#ate (A/nin ) versus pol yet her angﬁE’U?Zﬁ‘ﬁmgs?sor
vari ous conpositions containing silica and either
4,7,10-trioxatridecane-1,13- dianmne (TlI])), a conmpound of Formula
(I') wherein x = 2-3 (D-230) or x = 5-6 (D-400), or a compound of
Formula (I1) wherein x + z = 3-4 and y = 8-9 (ED-600), or x + z = 2-3
and y = 15-16 (ED-900), or x + z = 2-3 and y = 40-41 (ED-2001). WO
20071127121PCT/ US2007/ 009505 4 [0011] F¥G 2 is a graph of

bor ophosphosilicate glass (BPSG renoval rate (A/mn ) versus

pol %et her geoine ( PrOYR if Draptodfibotsphaaphioflicad £1hse (BPSKR)neradval ag (Aimhinga and
ei t her D230 D4 ; . E%g% [ S
a graph of 55Tsfsgrfm8ron re%‘%ﬁpgéi ﬁ‘%ﬁg %Qtrllon\%? 9‘#&?9 g%ﬁ]&g{)%g?q)
am ne) ver 0% THReERRILED00per EILP¥py| ene oxi de chains of the

pol yet her gga1Bge- E‘ﬂp:ﬁiﬂ h&'pb@mﬁc&&&ﬂﬂaﬂﬁtal@ﬂnﬁﬁhﬁt}lQWpﬂnﬁf@W{erI'ate
(AAmn wth 100 pp! E an n?f') er.s sotfethe I (t‘hl.é| ar. vei ght of
the pol yet RBELY °[‘15%‘ ‘3]‘%’?9”‘%" °81’“6‘3r gb'ﬁ' of PRl sif 1 CoR removed
(A) versus [edisE (lﬁ&ﬂ:é@gramfpglyshmnpwﬂmf@ mmmlmwm%ﬂ@a and
ei ther 100 ,poHa ok 88 morldhaPRELIoRB0 polpéihe? @Rine M TO.

[0014] FIG. 5 is a graph of polysilicon removed (A) versus time (min) for various

compositions containing silica and either 100 ppm ED-900, 500 ppm D-230, or 500 ppm
TTD.

[0015] FIG. 6 is a graph of angstroms removed versus time (min) for various
compositions containing silica and either ED-900, D-230, or TTD, which were used to polish
substrates of BPSG, nitride, and tetraethyl ortho silicate (TEOS).

[0016] FIG. 7 is a graph of nitride removal rate (A/min) versus D-230 (ppm) versus
tetramethylammonium hydroxide (TMAH) (ppm).

[0017] FIG. 8 is a graph of nitride removal rate (A/min) versus additive concentration
(moles) for various compositions containing silica and either D-230, TMAH, or D-400.
[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 TMAT.
[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 contains 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



[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 nitride, and
tetraethyl ortho silicate (TECS). [00161FIG 7 is a graph of nitride
removal rate_(Ahnin) versus D230 (ppm versus tetranethyl ammoni um
hydr oxi de (T 23 [0017]FIG 8 is a graph of ni FFF%@Z"?@%Q/%I
rate (Ahnin) versus additive concentration (noles) for various
conpositions containing silica and either D230, TMAIIl, or D-400.
[0018]FIG 9 is a graph of TECS renoval rate (A/mn) versus additive
concentration (ol es) for various conpositions containing silica and
either D230, D400, or TMAH. [O0019]FIG 10 is a graph of silica (%
versus pH versus TMAH (ppm) for the rerbval rates (Ahnin) of
polysilicon, nitride, BPSG and TECS substrates when polished with a
conposi ti orp0¢iehi¢aiam mgb@ﬁﬁe.pmmmﬁor{m@@ﬂ] (6) Qiquid carmier,canf &) agr aph  of
the silico a4d ,ﬁ,gg&gﬁt

conposi ti orrll"sogn%g%\g%gl? ét%h%ééﬁ%?r?? %r%ﬂ%&?ﬂ a%?%(\é@azf ne. 2(?] FIG 12
is a bar graph of the concentratio Hot copper (ppb) dlffused froma
substrate polished with two differgnt c ositions, one of which
contai ns EDTA. DETAI LED DESCRI PT [ 0022] The

i nvention provides a chem cal Helchani ca pol ifshi g(’%"i?st em for

pol i shing a- CHy

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

o o
HoN (o) NH,
x y z

wherein x +z=2-4 and y = 1-50, and (3) combinations thereof. The liguid carrier,
compound, and any other component dissolved or suspended in the liquid carrier {e.g., an
abrasive) constitute the polishing composition. The amounts of components described herein
are based on the total weight of the polishing composition unless otherwise specified herein.
[0023] It has surprisingly been discovered that the addition of a polyether amine to the
polishing composition can be used to increase or adjust the polishing rate of polysilicon while
leaving the polishing rate of other layers such as silicon oxide and silicon nitride relatively
low. The polyether amine can be any class of amine, such as a monoamine, a diamine, or a
triamine. Preferably, the polyether amine is a diamine of Formula (I) wherein 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



substrate conprising (a) a polishing conponent selected fromthe
group consisting of a WD 2007/127121PCT/ US2007/ 009505 5 poli shing
pad, an abrasive, and a conbination thereof, (b) a liquid carrier,
and (c) a conpound sel ected fromthe group consisting of (1) a
conmpound of the Formula (1) CH3 H2NNH2 CH3 wherein x = g%} a
conpound of tHE*EGPRM a (11) CH3CI -13 H2NOONH2 CH2 mé’FE’Pﬁ”‘?J"P% =
2-4 and y = 1-50, and (3) conbinations thereof. The liquid carrier,
conmpound, and any ot her conponent dissolved or suspended in the
liquid carrier (e.g., an abrasive) constitute the polishing
conposition. The amounts of conponents descri bed herein are based on
the total weight of the polishing conposition unless otherw se
specified herein. [0023]1t has surprisi%gly been di scovered that the
addition of a polyether amne to the polishing conposition can be
used t o i nceoewedtigrcanty austed hieachishd bhidesized polysilisen feoioya irdte, e whi | e
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removal of polysilicon, as well as suppress the rate of removal of silicon oxide. The amount

of amine present in the polishing composition can be adjusted in order to achieve the desired
polysilicon removal rate, while maintaining a low removal rate of silicon oxide and/or silicon
nitride. The amine can be present, for example, in the polishing composition in an amount of
5000 ppm or less (e.g., 4000 ppm or less, 3000 ppm or less, 2000 ppm or less, or 1000 ppm
or less) and/or 10 ppm or more (¢.g., 20 ppm or more, 50 ppm or more, 100 ppm or more, or
200 ppm or more). Preferably, the amine is present in an amount of 50 ppm to 1400 ppm,
from 100 ppm to 1200 ppm, from. 150 ppm to 1000 ppm, or from 200 ppm to 800 ppm.
[0025] The substrate to be polished using the method of the invention can be any suitable
substrate, Suitable substrates include, but are not limited to, flat panel displays, integrated
circuits, memory or rigid disks, metals, interlayér dielectric (ILD) devices, semiconductors,
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 kmown in the art. Suitable types of silicon oxide include but are not limited to



WO 2007/ 127121PCT/ US2007/ 009505 6 conposition can be adjusted to
achieve the desired polysilicon renoval rate, while maintaining a | ow
renoval rate of silicon oxide and/or silicon nitride. The amount of
pol yet her am ne can be, for exanple, 5000 ppmor |ess (e g., 4000 ppm
or less, 3000 m or | ess, 2000 ppmor |less, or 1000 ppmor |ess)
and/ or 10 ppr’(\“gﬁml’r’ﬁ M (e.g., 20 ppmor more, 50 ppm OPCWF@"""’%@ ppm
or nore, or 200 ppm or m)re) Preferrably, the anount of polyether
amne is from50 ppmto 1200 ppm 100 ppmto 1000 ppm 200 ppmto 800
ppm or 300 ppmto 600 ppm [0024] The polishing conposition can
further conprise an ami ne (other than the aforenentioned pol yether
am ne), such as a primary am ne, a secondary amne, a tertiary am ne,
an am noal cohol, a quatemary am ne, orbbnbinations thereof.
Preferably, the polishing conmposition conprises tetranethylamoni utn
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surface of the polishing pad, or the polishing pad can be
substantially free of fixed abrasive particles. Fixed abrasive
pol i shing pads include pads having abrasive particles affixed to the
pol i shing surface of the polishing pad by way of an adhesive, binder,
ceraner, resin, or the |ike or abrasives that have been i naﬁed
within a pol "SH*%42P%d so as to forman integral part PSngﬁQ’O 9503
polishing pad, such as, for exanple, a fibrous ban i npregnated with
an abrasi ve-contai ni ng pol yuret hane di spersion. Fixed abrasive pads
can elimnate the need for providing an abrasive conponent in the
pol i shing conmposition. [0028] The polishing pad can have any suitable
configuration. For exanple, the polishing pad can be circular and,
when in use, typically will have a rota¥ional notion about an axis
per pendi cular to the plane defined by the surface of the pad. The
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nonoper oxyhypophosphat e, nonoper oxypyr ophosphat e, or gano- hal o- oxy
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per manganat e, peroxyacetic acid, and m xtures thereof. The oxidi zing
agent can be present in the polishing conposition in any suitable
anount . Typi cal I}’/ the polishing conposition conprises 6.01 wt.% or
more (e.g., O'OPHR78L or nor e) oxidizing agent. The p SCTARON09505
conposition preferably conprises 20 wt.%or less (e.g., 15 w. % or

| ess, or 10 wt. % or |ess) oxidizing agent. [0033] The | i quid carrier
wi th any conponents dissolved or suspended therein can have any

sui table pH The actual pH of the polishing conposition will depend,
in part, on the type of substrate being polished. Typically the
pol i shing conposition has a pH of from4 to 13 (e.g., from2 to 12,
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[0035] The polishing composition optionally comprises a corrosion inhibiter (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



i nhibitor used in the polishing conposition typically is 0.0001 wt.%
to 3 w.% (preferably 0.001 wt.%to 2 wt.% based on the total weight
of the polishing conposition. [0036] The polishing conposition
optional Iy conprises a chelating or conplexing agent. The conpl exing
agent is any suitable chemi cal additive that enhances the renoval
rate of the SUBOPYAHE | ayer being renoved, or that refbVESPGER
metal contam nants in silicon polishing. Sui tabl e chelating or

conpl exi ng agents can include, for exanple, carbonyl conpounds (e.g.,
acetyl acetonates and the |ike), sinple carboxylates (e.g., acetates,
aryl carboxylates, and the |ike), carboxylates containing one or nore
hydr oxyl groups (e.g., glycolates, |lactates, gluconates, gallic acid
and salts thereof, and the like), di-, #ri-, and pol y-carboxyl ates (e
g., oxal ates, oxalic acid, phthalates, citrates, succinates,
tartrates, iAEbiadr@sed iR the palishing c@ngpsition typizblhysis D000 1EATAS 3 wi.St(prefembly

ther eof,, gfi% Qﬁ){o%%ﬁ% AVAALERy kegﬂ{@@&@gagmﬂgsoﬂc,ﬂme sul foni e

and/ or pho oni ¢ xanpl e e polishing
conmposi tio nlowh c pplssémapom@a&lpn optipmalipcoppEToTAckedatige or complexg pEdt- |
w.% at | eﬁféﬁ:oxﬂpléxlh\é agént i Eny%hltdbm&mﬁal\bﬂdx%c thit eifiandés @iie rbre®al faldbithe

(e.g., 3 WM.%o0 %,0 ess or fro i %
EDTA (e. g. s“?%{%lﬁeib%g rg/m?\%go (\)t/\lka{ WOYromeOmgalWP r%“ §%’Alllx'tvf'/f }E G l%"%é X
0.5 Wt . % t cSultabie clegatingSeri complexing mﬁtcﬁr;vgclw, fon TPl ??gboagmomds&az-an
i nclude, f Ofetg%&dh@s aflithe 111&: , simpldartidR} e @gh@&e&te(saargcarbeiﬂ%sﬁﬁﬂ the

SLYiﬁLosphB%aféé"é‘% saét@%ﬂa'gri%orz{sa £ Beh et Bos Brehistis 2000
(avai | abl e flvconatSpgaliic awidGod palty thewenl amththeliked, gl mr,rﬁpﬁgolmﬂpwm ('( 8:g.,
amroni a, arg ngteégkgﬁmci@nﬂhﬁﬁla@s%%uc&ﬂes thritrates, nfktks AEMRIT and

the like). The choice of ceatlng or _compl emg}g agent, W | | end on
the type o fAIRASENR BT A) yispures theprgh pad e Bke) s copiRinmeas or thore
appr eci at eGulfétid andin phasphoniegzraube aedihe liko rfede)mmmotha glslisbiap cempasition can

the form of, Bésaeahegs%o%sm%ﬁﬁﬁt gaaneﬁstari AR e&%§@-‘t%,opa{tléa§tq

l'ike), an acl QE cltrates include
citric aci ovt-%asS Wl orass ﬁé-(egd?“’t%é’ﬁlfs’c?’ﬁ‘? plessh oF o 0-08 HEFaiPat es
i ncl ude pht\h@hEDTAng,,ﬁ-BﬁO\lﬁhl%m mp&aﬂbsmé@mg wt.9R@F B8MIOEWL% to 2

hydr ogen pht ?ﬂagm?b lagngposracot theggee %l)“perq&u%r 3 5o Id.ildfght(j;e

correspondin P as el as s er eof .
Fur t her mor epolyelephads (.26 evrplonarlerob pyreesteshelt Byrqeallolarmioicid, prskthe ikedn one

f ﬁnft It on. FRlyp ﬁaeamh@s S@Qmén EHQQM@dﬁecﬁl@dﬂ zcﬁem&tmda{iesbmofb (SGildble frc;m t
chel ating g and an oxidiz certain ferric .nitrates
and the [i k%’f F@@%ST“%W@“%‘? f‘?ﬁ‘%@g?gw 3 e%l - BTGB TR 16 ({ST T %her
conpri ses ciehgs, divptrie, apd pelyarzivisi 4ni vieedike)s Tk cladidi of Flyetating mqoumtexing agent
2500 itzsizlpﬁc%ﬁuszoow R R it e o el eyt eng

vin ates. a ne ...
acryl at es) ,10%{Y . pdY Viltedr 2pPresiy %ﬁ%” °§ﬁ?j2/fl dg é‘t‘"@ﬁfa‘," Kjgyin the
sal ts t her gofm of[a(b@@&}g‘l’laenqaallsﬂslanmgmmwp@dt b tbﬂhkyb.ran@@mmriasepaaﬁal salt.
surfactant @ng/.gff QE&L&Q& citfO B4, %waﬂfs%onol g/ a&dwganx&h%peeﬁ iphtfalates

enhanci ng agents and coagu ants e_ﬁa meric t heol otgl cal control
agents, sudpelyde phthalic "éi@aﬁsm'%‘ as grope-Falts &- %’cﬂ H‘%Pyd'@ff‘?ﬁ plgge) and di-salts
sur f act ant shééo?; ﬂemim,mdiﬁe tRcaEpendindakid@ie. pefhlofia adid)nissyellan k0| C

sur f act an; St qnhl,,ﬁ,kc 0%%%1;6 5 ;},B,rp%und?fﬁfpmé’%ﬁé' %ﬁ&’féﬁ%&@&ﬁn ol At HbES

t her eof ositio
conpri ses &onoxEmpie eoma pompendsiean f@ﬁ‘éo%ﬁl ae‘«h?}?‘ﬂ% agm‘ fﬂﬁ’oﬁné’xﬁ’&wmﬁé

surfact ant b§ %ﬁt@ﬁk%@gmm@]&epol yoxyet hyl ene surfactant. The

armunt of s 10 Ihe ol j shi sition. LY, |caII 8 0.0001
.%to 1 vﬁ;&ﬁ? (pr 8? Lshng © E?@'i"’ﬂvf"n% @@%’%&mﬂﬁ Ror e‘xpghe]f erably
0 005 wt. %ztddm@esoSu&htad&t)nves[@@ﬂé]aa'rhbtepmmxshmagnwnmsamhmumns (es.,




[ 0041] The polishing conposition can conprise a biocide. The biocide
can be any suitable biocide, for exanple an isothiazolinone biocide.
The anpbunt of biocide in the polishing conposition typically is 1 to
50 ppm preferably 10 to 20 ppm [0042] The polishing conposition
preferably is colloidally stable. The termcolloid refers to the
suspensi on ofYQNW¥BHticles in the liquid carrier. CoPfFHUEAY7009505
stability refers to the mai ntenance of that suspension through tine.
A polishing conmposition is considered colloidally stable if, when the
pol i shing conposition is placed into a 100 m graduated cylinder and
allowed to stand unagitated for a tinme of 2 hours, the difference

bet ween the concentration of particles in the bottom50 m of the
graduated cylinder ([B] in terns of g/ddl) and the concentration of
particles in the top 50 m of the graduated cylinder ([T] in terns of
g/ ml) di vi déaylbstrylnteearidisiyréna herglarg)eadipatymers, @polyaets) ot eligdnrery theeof, and
polishing c é&klon ([C in ternms of g/ml) is less than or equal to
0.5 (i.e., }[C sz0.5). Preferably, the val ue of
[B]-[T]/[q! h‘é‘k“‘é@’%ﬁﬂﬁ’é‘r’n £48 comprisepspdaciantandion ieglogigal icpnitol
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week or less prior to use or less prior to use, hour or "I ess
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as a concentrate W.CHlJ R or equal to 0.5 i.e., {[B] - [TIM[C) <0.5). Proferably, the value
of [B]-[T}[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



intended to be diluted with an appropriate amount of liquid carrier
prior to use. In such an enbodi nent, the polishing conposition
concentrate can conprise a polyether amne, aliquid carrier, and
optionally other conponents in anounts such that, upon dilution of
t he concentrate with an appropriate anount of I|qU|d carrier, each
conponent wi MOHEB&ent in the polishing conpositi ofCERSANSH BNt
within the appropriate range recited above for each conponent. For
exanpl e, the each conponent can be present in the concentrate in an
anount that is 2 times (e.g., 3 tines, 4 tines, or 5 times) greater
than the cancentration recited above for each conmponent in the
pol i shing conposition so that, when the concentrate is diluted with
an appropriate vol une of I|qU|d carriek (e.g., an equal vol ume of
liquid carrier, 2 equal volunes of liquid carrier, 3 equal vol unes.of
| i qui d car batelr gr continfowsqpuetessy Gleumadly, e pélishing domption can be prepared by
20071 127124 BGRLHSA00SAASROR ek 3r i 8 dlc, THESRRColGAY a5 68 Horein

corrponent will present In he po i.shin conposl tion in an anount

within t he“P&'H@‘é%dJ‘é‘é‘fal f”@?ﬁdﬁntéﬁ%%e’#d&’r‘“ - PRGNS el A e nor e, as
Wi Il be undesighion ohipgtdiate(cqf, watetihalagen asion) s!urfhdtﬁntd;letc.art t he
concent r at ﬁ{ ﬁ‘gn f Icﬁg p‘%‘hEHﬁ% o%%%ﬁ’d%r 'm%eestu%@ﬁeﬁi%n?gnr gJ a?? )ls{cgll‘l:log]pﬁ.ﬂfléﬁ er
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the pol yet n@lvewmeeaweﬂn& qaEier.apd ?paewélyaa aliﬁrﬁlwedfos%ﬁ agditivgs.
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of cheni caPftVAHECHANI CaP Y hol3* ERTRG a” Stibatrate, whi ch wefno
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nmet hod of pohfesifibmgre svitbinhisd Imatvizdgesofpae ¢fioodihay Skill muhﬁﬂed for use in
conj unct i Ofoolié t h %ﬁ%&g&@hm GahRah 9154551&0&3&[%@5@%(@41@& mawg
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i nspecting “&ﬁ‘%ﬁ?&g‘f;ﬁ‘ﬂﬁﬂé‘p%wag%@ w"lf'hg‘é'égmﬁ?rpé‘ﬁaﬁoym nr}ngg'fclgg it or
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WO 2007/ 127121PCT/ US2007/ 009505 14 by renovi ng gouges, crates, pits,
and the like, but polishing also can be perfornmed to introduce or
restore a surface geonetry characterized by an intersection of planar
segnents. [0051] The net hod of the invention can be used to polish any

suitable substrate, and is especially useful for polishi ng a
substrate coﬁﬁ??"g’m'ﬂﬂat | east one |ayer of polysilicofCTEPIPERHs
oxide, and/or silicon nitride, especially at |east one | ayer of

polysilicon and at |east one |ayer of silicon oxide and/or silicon
nitride. The polysilicon |layer desirably is renoved fromthe
substrate at a rate of 400 AAmn to 4000 A/Amn (e.g., 500 AJmin to
3000 A/mn, 600 AAmn to 2000 Ahnin, or 700 A/ mn to 1500 AAmn). The
silicon oxide | ayer desirably is renovéd fromthe substrate at a rate
of 400 A/mn or less (e.g., 300 A/mn or less, 250 Almn or |less, or
200 A/ mi n oartes sespectiTély, sch paragenerit pill bi@rtsagtémthdeglish'mblcymp@itioehWed
fromthe S%‘Lﬁ%ﬁnﬂ?ﬁlcﬁnééts&f&théﬁgge fgfégcﬁ'c&{pohﬁﬁsﬁ(tﬁeﬁiore 30QuAem n or

| ess, 250 A/Ymn or |ess, Amn or less). As di scussed above
these rat e @aHOMEPYLBE of %‘G‘“ﬁ?’ S'E’Hé“ Sig é%é??c‘@“‘i’ﬁ‘t‘ﬁ? FAOSPRAR 28 ARRITRTS o f
pol yet her aftctisn c&'lﬂd-/liqmda:ﬂmadﬁi'bstehﬂﬂ &le findlipdBshing chiapgosftiphiis trdergo ensure that

conmposi tio Elllﬁ ]lo ¥ o ltlﬂew%bl e§, Sudntt L.xbﬁogaswe! e ke lgatsppal'tﬂﬂy or

i nvention course e ‘construed as I n any way
limiting i tfgllmsfp@wm@dp%mmﬁ% exanpl e denpnstrates the
ability to aszyst Iﬁﬁlﬁlt[oﬂlltﬁe Bilvertioh yﬁawidemaemmumm@uyuﬁdcn@many polishing

B L e A N
poI i shed vmnohsrmasymm metieembeql:mms(ulm@nwthemihhleg camriopent sdativatoribdl 12
. % funmed s§bsrh@nd @i Atrd By 2 Rdst WRsiBslbHES RFstiat 18 phlldh e shbbtwdel h 1320

pmeMAH Flve of he co osi t re f rther fied

addi ti on of("fL of ?H‘é’e’fnﬁ %@Pp"i‘gli%‘g%ls BA5 SR 3*311;‘_‘51}1}?5%5“{?3’
wherein x Icsnjﬁncﬁo(lB!tﬁael)epuaﬂ—umdpomaidmhﬁmﬁdﬂ"m) sppaluswigriailp the | s 5- 6
(D-400), a seimwm,pﬂ&es Efaf@d' @ménixvhwﬁrueé & i¥ mibtidn And hds év@&ﬂy }tha{ ésu%ﬁs

(ED-600), a ound ormula (11) wherein x + z i s 2-

15-16 (ED- e oroiH. héze%o?fﬁsemﬂ neﬂm?s&rmh%ﬁg(vﬁﬁl f cppastyity o sl g e

and y i s 4Qvithlhd gihler?@hkh)in moG&D afdiheuries thastholds@eubsame tdaRGBliskedby al

rates (A mc@)ltactmg gncfj SS\%épeﬂﬁge tL e sﬁé&c@ of the polishing pad. The polishing of the
substrate takes place by the substrate being placed in contact with the polishing pad and the
polishing composition of the invention, with the polishing pad moving relative to the
substrate, so as to abrade at least a portion of the substiate to polish the substrate.
[0049] Desirably, the CMP apparatus further comprises an in sifu polishing endpoint
detection system, many of which are known in the art. Techniques for inspecting and
monitoring the polishing process by analyzing light or other radiation reflected from a surface
of the workpiece are known in the art. Desirably, the inspection or monitoring of the
progress of the polishing process with respect to a substrate being }Jo]ished 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 5,945,927, 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



conposition, 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 conpositions (ppm when used to polish the polysilicon
and BPSG wafers (A/min), WO 2007/127121PCT/ US2007/ 009505 15
respectively i S parent fromthe data presented in both FIGS.
that the pol W%"?’é‘&ﬁzfermval rate can be nodified frofCEHERNY%E0O0
kmn while maintaining | ow BPSG renoval rates by selecting the
appropriate polyether amine in the appropriate anmount: Wil e not

wi shing to be bound by any particular theory, it is believed that the
nol ecul ar wei ght and hydrophobicity of the polyether am nes have a
significant inpact on the rate of polysilicon renoval. Thus, by
choosing the correct bal ance of these tiflo properties, a desired

pol ysilicon renoval rate can be achieved. [0057]FIGS. 3 and 4

i Il ustrat e dyremsahpgdugessiratps, pits, Byddtholiteobit polisjing also cafbepetf@uiedio t he

number of the d%?é %/,Qgsq&g%, g{}ﬁﬁ%&@&éﬂa@&%ﬁ A ABY o e‘?—s‘ébﬁoﬂ fié‘ﬁﬁﬁ Blgments.

respectlvel%? he poly amne to t rate of .po I'i con

r emoval ). Aemetion ahie fovertiop snyhssisip aefieh a3 %réa‘%ﬁ%#’ﬁ?“‘ofmdtlﬁe

nol ecul ar Wapdghty Qéefill ka pBIRhI alsBbstrte kaxagRihg at Bt Rl et bf pehBilicaiysiliedn

rate decrease cc}n nt1t1-1[10058llalry at le.lagi np {ayer of' ]I)Ot(I:ySqICOIIl .Jaxléll‘ﬁ fcgsqgr?eslaﬁepe

effect on tF&S 856 I con,
silicon nitafi Sdieorngldd?edfpr%h@n@!éﬂ@f TPQPS}E@EW@F layeridatimeblyjs rams'mdufsom the

co [nﬁos it : ONgubdndd03 Atmhfwmdnﬁ 4008 EAhin (gg B%@mafte Boocﬁ?&ﬁ% Eg@lﬂﬁﬁh to
ortho si |c ol.i.shed wi
t hree di ffeyrbﬁts‘g JQ&?{ § @gﬁmﬁ'} t\lﬁ %%xrll ela e‘%"of?‘ws‘%?‘? ﬁéned

silica par tframh the sutanae aiaasratadf 49t Aot @ 1gws (wi4.,G00 ikomwor lessTRAHY /spmiomipssy i ¢
aci d. The cQup@Rkli, gpf%ssgve'ﬂ% shikbh Bigfde Q%gr' 5651%1}h¥ rc;ngeemﬁ“ fnk %s@:ﬁte gae
of the follow n oung‘/ w ereln}té_mﬁ
(D-230), orm§ °E‘8Wp‘yﬂ?\‘ﬂ°"dfss fo-mA00 A/ PUpOF Ieih &P Qg onless, qr2td ﬁ'ale§ﬁ) i s
15- 16 ( ED- 9AMYiscufsedfiidld fie:spratey sdnlbe adinstedIShs; préseads of didfervht amagetso€nov al
rates (A'm ﬁ&lye}i\{gf qug &n%yomgﬁitional amine in the polishing composition.

[0052) The following examples further illustrate the invention but, of course, should not

be consitued as in any way lirniting its scope.

EXAMPLE 1
[0053) This example demonstrates the ability to adjust the rate of polysilicon removal by
using a polishing composition which contains polyether amines.
[00543 A polysilicon wafer and a borophosphosilicate glass (BPSG) wafer were polished
with six different compositions, each of which contained 12 wt.% fumed silica particles and
was adjusted to-a pH of 10 with 1320 ppm TMAH. Five of the compositions were further
modified by the addition of one of the following: TTD, a compound of Formula (I) wherein
x is 2-3 (D-230), a compound of Formula () wherein x is 5-6 (D-400), 2 compound of
Formula (I) wherein x + z is 3-4 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 (II) 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),



for each conmposition 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 amunt of polysilicon renoved (A and the anounts of
silicon oxide and silicon nitride renoved (A) relative to polishing
time (mn), respectively for each conposition. As is apparent from
the data pre ¥d21H t he FIGS., the polysilicon reno¥SFUSA780%5%n be
adj usted as desired, while nai nt aining lowrates of renoval for both
silicon oxide and silicon nitride. W) 2007/127121PCDUS2007/ 009505 16
EXAMPLE 3 [0062] This exanple illustrates the effect on the renoval
rate of silicon nitride and silicon oxide by the presence of

pol yether am nes and/or T'MAH in a polishing conposition. [0063] A
nitride wafer and a TECS wafer were pollfshed with three different
conpositions, each of which contained 6 wt. % funed silica particles,
and was adjresptaistely.Oltés qpbhredt fibth the data mesented ooty FAIGSthad thepelysilitan ¢

act . The GOHRAPLL! QNGe MElified A(l@ 56 10 1B AR Iﬁiaﬂmﬂﬂl it BFS@femoval

TI AAH, a conpou orrm wherein x Is 2-3 0),.or a
conpound ofratﬁ)trmleam@lﬂ)e aRpRepagipPolygther amige (fﬁbwammf*e O‘Bﬁ‘ﬁ‘hW? 1% de
ang TEOS r e;ﬁﬁﬂﬁél to bab&md (;ﬁélm pajticoRf aed@tlﬁﬁ B&l?&dl thad theepddenaOWE Gistiahd ON,
and the re ts raphs. . 1 G 7. F IG
o[ 0ogs] ToaRiefepf 8t ptudd ahtts EF o Bilimpecs fn R g oo Aol o

renoval ( Alremeval. r'ﬁﬂuatbyv@oosmg the correct balance of these two propertles, a desired polysnhcon

removal rate can be achieved.

[0057] FIGS. 3 and 4 illustrate the relationship of hydrophobicity (as reflected by the
number of the polypropylene oxide claims) and molecular weight, respectively, of the
polyether amine to the rate of polysilicon remm;al (A/min). As the number of polypropylene
oxide chains or the molecular weight of the amine is increased, the polysilicon removal rate

decreases.

EXAMPLE 2
[0058] This example further illustrates the effect on the rernovz'll rates of polysilicon,
silicon oxide, and silicon nitride by the presence of polyether amines in 2 polishing
composition.
[0059] A polysilicon wafer, a BPSG wafer, a tetraethyl ortho silicate (TEQOS) wafer, and
a nitride wafer was polished with three different compositions, each of which contained 12
wt.% fumed silica particles, and was adjusted to a pH of 10 with TMAH and nitric acid. The
compositions were further modified by the addition of one of the following: TID, a
compound of Formula (I) wherein x is 2-3 (D-230), or a compound of Formula (I) wherein x
+z is 2-3 and y is 15-16 (ED-900).
[0060] The potlysilicon, 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 (&) 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.



to the anounts of D-230 (ppm) and TMAH (ppm added to the polishing
conposition. The data reflected in FIGS. 8 and 9 show the rate of
nitride or TECS renoval (A/mn), respectively, relative to the anount
of D230, TMAH, or D400 added to the polishing conposition (noles).
As is apparent fromthe data presented in the FIGS., the presence of
pol yet her am*e¥¥1d78he pol i shing conposition, either PAIEFE0TEPISIN
conbination with a quaternary am ne such as TMAH, can maintain | ow
rates of silicon nitride and silicon oxide renoval. EXAMPLE 4

[ 0066] This exanple illustrates the effect on the renoval rates of
riolysilicon, silicon oxide, and silicon nitride by the presence of
pol yet her am nes and/or TMAH in a polishing conposition, and by the
pH of the conposition itself. [0067] A gélysilicon wafer, a nitride
waf er, a BPSG wafer, and a TECS wafer were polished with conpositions
cont ai ning 300 ppm of a conpound of ERAMRIES (1) wherein x is 2-3

D-230), varyd okd edtl ' A5 nYBEY AdAGilicon
( ) a[iilmg Zl:ﬁ?sgaﬁl%xf%lgill E&a?e%!_l%% ﬁ*[el.t ﬁfi\r%{é?}a%f%%fs IaTe Ytﬁ&é/ﬁag;l

amounts of TN rent pH s. [0068] FI shows the_ effect of
the pH, theoxidedyithe regserrrpEpqlysiey 2migerard/pe A e Pelfshing copapasiiopt . of
in the pol i®Bié3Ng CORBaRivaF BndU TROERwWife Mt apolishddegthafirepdiffy®hd | con,
BPSG TEGCS, and.silicqn nitride . 1) . L,S_a ent; f.qm.t dat a
reflected i WRPEHE %%hff E)’ V'S | @éﬁ{)n‘ﬁtm%’ g_lr?ﬁ% i %’g‘%a%dé’fafgc’t e%ﬁ_o
primarily [mHeHE vyt ammepnivirehydroxidie neeitrisfacig. IBocomppyifions were further modified
2007/ 127121342180 6 DRAN B cohfponhtPsr@dsmiin@) whdrdis 20 20x (e ayaval
rate, and to so‘@ﬁgét er'%} the sili ggllpr%owl de renoval rate, were
af fect ed by °IRE oien (I)i":%ﬁﬁ“b’f'é € "the pol i shing conposition.
EXAVPLE 5 [[00®89] THits nitndermpd EEQB mmﬂna@s@fmhéwelfefdet_etmlmd fetrach enoval
rate of sildog@hsith, idaGndHeans Re Biofkd ihkild griphfofabi B HIOE, &MEsy.L i on.
[0065) The data reflected in FIG. 7 illustrate the rate of nitride removal (A/min) relative
to the amounts of D-230 (ppm) and TMAH (ppm} added to the polishing composition. The
data reflected in FIGS. 8 and 9 show the rate of nitride or TEOS removal (A/min),
respectively, relative to the amount of D-230, TMAH, or D-400 added to the polishing
composition (moles). As is apparent from the data presented in the FIGS., the presence of
polyether amines in the polishing composition, either alone or in combination with a
quaternary amine such as TMAH, can maintain low rates of silicon nitride and silicon oxide

removal.

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 a2 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,



[ 0070] A 200 mm P- bare silicon wafer was polished with two different
conposi tions, each containing 30 w.% condensati on-pbl yneri zed
silica. One of the two conpositions was further nodified by the
addition of I w.% TTD and 1 wt. % pi perazine (the inventive
conposition). The control conposition had a pl4 of 9.1-9.5, while the
inventive cofffb¥PYRYA has a pH of 10.8. [0071] The si | PEGHSIOYALE
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 anmount of silicon renoved (A/znin) 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 conpositiod? EXAMPLE 6 [0073] This exanpl e
denonstrates the effect on the anount of copper that diffuses into

t he sur f acewleteatiths siticaoxidzuwbisdvabitie, dny td domepriesethe eilicdn niteitademoted kad, Or S

in a polishj [ %:Mhbt . P SRl i al.. waf er was
pol i shed wh%%g?&meg{éggfp %raglﬁ?m%gnpom r%g%s, egzlﬁﬁjglgtﬁ% oﬁitlﬁé\"aso wt %
condensati on-pol yneri zed silica andgtampi®sl VD. One of the two

conpositio so.containeq 0.1 wt.% uest 2060. and .0..75 w. % NHAOH
and had a B@P@# 11'[%1%3“%\? BPorE &ﬁeﬁ%‘%ﬁn\?\}&m ?Jvrakﬁ%roffc’r"tl)m Y by the
addi ti on ofprédsenve ofF HDTg polishibg §énpoptiommzi ne, and 0.52 wt % KOH, and had

a pH of 10.Ge70f 00 (3du0hh PbA18siBUnivekk Wls SHTished WRHYD Biffekelfooipbsifichs Wer €
subj ected to out-diffusi Qn in a furnace., 5)ur_| na%% hi s process,, any

di ffused cdpPErBREES ™ tohoqriensaisprglyBetited g\ ZRedt WO CYTRoRtPE T Sy
vapor phas eusiee owflifisd by tha adiiribnavifi & vy 2T Dgndrigvtea pipteaihne (tebsentitd on
spect r onmet ec;oglPLs%Z,g] TS o PSipcs RS SRl 450N .4 DRk kR it faGiNabRbosHR

A
determ ned each conposition, and the result’s are plotted 1 n the
graph of Flhasaphof10.8.

[0071] The silicon removal rate (A/min) was determined for each composition, and the
resuits arc plotted in the graph of FIG. 11.

[0072] The data depicted in FIG. 11 illustrates the amount of silicon removed (A/min) by
each composition. As is apparent from the data presented in FIG. 11, the silicon removal rate

was increased by the addition of TTD and piperazine to the polishing composition.

EXAMPLE 6
[0073] This example demonstrates the effect on the amount of copper that diffuses into
the surface of a silicon substrate by the presence of metal chelators in a polishing
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 bad 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.
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illustrates that the addition of 1 wt.% EDTA to the polishing
conposition greatly reduced the diffusion of copper, fromthe slurry
into the wafer, when conpared with the polishing conposition
containing 0.1 wt.% Dequest 2060. The control experinent of polishing
a simlar waMr20FH2 sinilar conposition, but contaiPRTHEIHENE al
chel ator, was not evaluated in this particular experinent. 19 d ains
1. A chem cal - nechani cal polishing conposition conprising: (a) an
abrasive, (b) a liquid carder, and (c) a conpound selected fromthe
group consisting of (1) a conpound of the Fornula (1) CH3 142NN 12
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[00771 The data depicted in FIG. 12 illustrates that the addition of 1 wt.% EDTA to the
polishing composition greatly reduced the diffusion of copper, from the slurry into the wafer,
when compared with the polishing composition containing 0.1 wt.% Dequest 2060. The
control experiment of polishing a similar wafer with a similar composition, but containing no

metal chelator, was not evaluated in this particular experiment.



C H3 wherein x=2-6, (2) a conpound of the Fornmula (11) CH3 CH3 ONH2
CH3 wherein x + z = 2-4 and y = 1-50, and (3) conbinations thereof,
wherein the concentration of the conmpound is about 50 ppmto about
1200 ppm 2. The polishing conposition gg claim1l1, wherein the

pol i shing composition further conprises” a conpound selected fromthe
group 4,7,10-trioxatri decane-1, 13-di am ne, piperazine, and

conbi nati ons thereof. Claims

1. A chemical-mechanical polishing composition comprising:
(a) an abrasive,

(b) a liquid carrier, and

(c) a compound selected from the group consisting of

(1) a compound of the Formula (1)

CH;
O
H.N '+ NH,
CH;
wherein x=2-6,
(2) a compound of the Formula (II)
/k/eo O\A
I{zN x O 2 NH}
¥

CH;

wherein X + z = 2-4 and y = 1-50, and
(3) combinations thereof, wherein the concentration of the

compound is about 50 ppm to about 1200 ppm.

2. The polishing composition of claim 1, wherein the polishing composition further
comprises a compound selected from the group 4,7,10-trioxatridecane-1,13-diamine,

piperazine, and combinations thereof.



20 3. The polishing conposition of claim1, wherein the polishing
conposition conprises a conpound of the Fornula (1) wherein x is 2-3
or Xx =5-6. 4. The polishing conposition of claim1, wherein the
pol i shing conposition conprises a conggynd of Formula (I1) wherein
either (1) x+z=3-4 and y=8-9, (2) x+z=2- 3 and y=15-16, or (3)
x+z=2-3 and y=40-41. 5. The polishing conposition of claiml,
wherei n the poi shimng o 1 furth I . t

di fferent §]'f ro%iﬂlltli@ﬂcggm gﬁqﬁgégé%%{)%ecll%@tlégrhf %g{n@% hgﬁ%ﬁ%ﬁé o%@? Eti ng of
primary atineses s eopwadywf dnd Feemplat(@) whatin xarles,x afaioal cohol s,
guat ernary am nes, and conbinations thereof. 6. The polishing
conposition of claimb5, wherein the conponent is tetranethyl anmoni um

hydr oxi deg, 7-T1Eﬁli91‘ﬁh%§5ﬂ1 1ESHBTQHifnl 10 WheleirCth@bBlishingMd&tRkifioh he
pol i shing conposition further cong)rolyses_ a conBound sel ected fromthe
group coneimarispgya efmEnmA of xmile (Acvkereip sitypl bophohdiand y=8rf (2) x+z=2-

conbi nat | 9% 1A ROL: (3) x+2=0-3 and y=40-41.

5. The polishing composition of claim 1, wherein the polishing composition 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.

6. The polishing composition of claim 5, wherein the component is

tetramethylammonium hydroxide.

7. The polishing composition of claim 1, wherein the polishing composition further
comprises a compound selected from the group consisting of EDTA, oxalic acid,

polyphosphonates, and combinations thereof,



