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CHEM CAL MECHANI CAL PQOLI SHI NG SLURRY COVPCS|I TI ON FOR
POLI SH NG PHASE- CHANGE MEMORY DEVI CE AND METHOD FOR
POLI SH NG PHASE- CHANGE MEMORY DEVI CE USI NG THE SAME
CROSS- REFERENCE TO RELATED APPLI CATI ONS 5Thi s

non- provi sional application clains priority under 35

USC Section 119 from Kor ean Patent]gg i cati on No.
10CHEYOBEES HANLCALROBISHING, S Y §QMROSTHON FOR

or O3gs BTN G ERAG CAta Gl SO B s MR ST row
he rraby,IS NG FH ASECCHANGE MEMORYIOEVMICR GRINGEHHE SAME
I NVENTI ON The present invention relates to a

slurry L1 i .ﬁ$%§k#ﬁ§§¥ﬁ ge nmenory
devicecgggﬁggﬁ%gﬁggﬁﬁ%gﬁgh¥ﬁgt Iﬁﬁgpprocess.

Mor e speaisinbigabvigiontlrepppresantaimsventritpunded 3§ PSCG Bection 119
slurry conposition.far eni.cal i cal. polishjn
AT Ry Dt PBliqegn &0 J0SRAT QDGoR Aot e oy, and
PR8=EA _Plteﬁ?ﬁgﬁﬂ@ati%ﬁ TR M 09R)07 SR 58N filed B ARk 3021007, the entire
pol 1 shing a ase- change nenory device using the

sdlisclogure ofgreh iof imdiich IBAGKEBREIINE otkted biiz r¢édb&adE] ON Demand

for sem conductor nmenories has increased with

expandi ng gl obal 20 nmarkets for el ectronic devices,

i g1 a1 Pt PR TSV mORT 0 vy T ocei vers

navi gat4.0n_systens and bige hanes. In.adgiti.n. h
ther o hak pEseh Svenfidts seles to s SRaR SO mpo Py forplifhing g phase-
NEREE @8crhHit deVie Wséd/ 8R Alkellic@RERSE thaAlthchRRECBbcess. More
power consunption in terns of performance

ciraeificaldy.i bei prosent inventisnertlates twrnv slntryoerahpasiginor farschemical

PPty ERined VIR § HeGL MO O okt R g o phase-
- NBRREL BRnlddRlelibe! MdS; &Qt%oé@‘éﬁ%lﬁ%ﬁﬁ% nagél%gé-%?%ignglégr?ory device

i nherent to dynam c random access

- stsing the shimgorongms#ss. menori es (SRAME) and fl ash

menori es. Phase-change RAMs ( PRAMs), nmagnetoresistive

" RAMs (MRAMB), ferroelectric RAMs (FeRAMs) and pol yner

menories are currently 30consi dered next-generation

menor i BACKGRQEND OPRANE INYEDEION he advant ages of
conventjonal highly integrated DRAMs, high-speed SRAMs

and nonP¥BRag quéeMQBH’f“Ft%ﬁeWQﬁﬁ? hassinceeaspdyyifh expanding global
AR AEAEIAAL % o) (T Rafler S CTRALILL! 163 players,
wi th conventional 1 ntégration processes’ 0

cdigivhl eeingddya bRjadbastif (DBER) el AavightiddOSystéhehid mobile
effect transistors (FETs). Based on these advantages, )
spioRaws Ih additions rthereelasmbeen and inaseasing demandnfor nhigh-capacity

CEBbeY B BRSPS AR RER Bl s of
rlﬁdﬁﬁﬁ'ﬁlﬁﬁ’ceb ¥hapactbddtict | At &npAQH td -colOMiRYall BRIV, Bhder such
the International Electronic Device Meeting (IEDVM in

- 208umstmtes) sousgdeablearcsdardindffoity bhopbesnt made en lleeeloping next-

conducted on phase-ch e RA PRAMs) _Phase- ¢change .
1EFORRNEN RN 3 ellg %ﬁ%ﬂs‘fainﬁ@@e% fd FeR0a s datra g dynamic
caRahh &.cQdss 'W&QMWF rsﬂti@'rﬁncw?ﬁ‘%@sé%g %%%rﬂﬁt( s) and

crystalline el'ectrical Tresistance) and anor phous
(fshh rebmeotied. c dthaseshsmizanAMBha@8AMEE tmaghetvkraistive RAMs
heati ng _generated in re%gonse to an applied current or

Vit )i Srigelactiq fAMs (FeRAMS) angepellymgr |1agraongsgare currently
: _ | .
CUBLAIRSIAER B HALAINLY (1B AN SRR e o

conposi tion of GexSbyTe, (GST), a chal cogenide, is now
bei ng i nvesti gat ed. In CVMP processes for
phase-change materials of PRAM devices that are
currently being devel oped, silicon oxide (5i02) is
used to formpolish stop layers. Polishing uniformty
and surface inperfections (e.g., dishing and erosion)
during 20 polishing of patterned wafers are greatly
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On the other hand, slurries for polishing alum num

copper, tungsten and 25 other netal wires are mainly

enpl oyed i n sem conduct or manufacturing processes.

Since these netal |ayer materials are conposed of a

singl e el enent, unlike phase-change materials of PRAM

devi ces, they induce no phase change. Therefore, the
cepentonshabighist artogratedr PRAMsa gt srised USRAMeranbRaga-volatile

AT R rehRRS iR B o finec GRS  Isfma Y Sompativiiy

Ot ZEEeRERNl . iRRgABDARS PtBeesdRd 6f hebm Plé%{%fntﬂry metal-oxide-
additives, a CWP slurry for polishing Wi res can

beennigphdnctod (CoMOEXS)fielibedédt enan$19ter5p(cEIET§h Bagednn s ladvantages,

<BHRAs Fhu e BRe Sk thoe S1ER601 R Faffnl g Betause of the

eg%ate%osﬁﬁﬂwsfmeesssﬁﬁ h&n&g&amaﬁgnsl urry may be used
to provide controlled polishing selectivities to other

t hi n-f i kifcoat fdperdored WYy SLhi {IARIUMA Ti LaR#MOvonyx) at the
nitride, tantalum tantalumnitride, oxides and the
| Inbernational ElectignickBPevion\NertingnGEDNS! 20¢y extensizppeswath and

of, a.singl enment as cop er (

g RIgmgid Bas SR b RS o2 Roes oA Ms bR R bERc-change
pR'A'Mi‘% RS AP ARBHRE HRLES ﬂn%{eﬁa&%%?é‘tﬁ& bPfhdabing a reversible
particul ar el enents, such as sul 10 sel eni um

( Badse c@;engfahetwnm( @@stanam (Iuwnt;lec(tﬂ:@l re:tisiiauhcm) iau(h mnphous (high
silver tin (Sn), galli

and
t ﬁlsmcalefeglﬁﬁ%n%eg §b@~°€«ﬁ fip }f Jouls heafige gRpRERise l%rqsgwpg? Bp @pplied
p&ﬁﬁgng 381 eQ@B%ﬁ@H rystalline and anor phous phases.

Si nce tEe C aracterlsglcs of the materials to be

polis heﬂ/[e@z(l%ll@%ri bl @Hhtlccfgﬁ:&%é Q&S&lrn‘%hﬂ? QRN fe@f@bntatlve phase-
netal |ayer materials ere exists a strong need
dehaigomatenal of AR AME.NBartortpdg,i the cospoiifiod axl G&Shffrej (GST), a
c%§E05|tJons for, polishing phase-change material s of

@3%'}518{1‘@@0 g ig¥ettigRiafis) shoul d neet the

st bel L CARR SRRt BHBE i BT ARC PR fRgoes that ar
Pk Sl EiSE h@\%‘ldﬁéﬁt Yilib&d W/?ﬁ@ (&I Rbhaser fbhﬁﬁﬁepohsh stop layers.

materials and polish stop | ayers nust be high; 1ii1)
dPglishing umfmm1@nandaaﬂﬂfmennqmrfemmdelg tdishing and erosion) during

.1 mer fectjons scratc defects 20 and
cB iscbg}go?é Paf@mﬁdt‘%%feﬁ 26 ey agg’cfﬁdrhyn%%’é‘apmgﬁﬁlr}gvgactors eg.,

...4

STl R DO g RS i O or o

pheide-fihangd palistinigadetectitite bepadensSphiade-chafpbUdibiMs Gnd silicon
THE | NVENTI ON The present invention provides a
sPxide Jilmenposi ti on for chenical nechanical polishing
(CVMP) of. a_ phase-ch e nenpry d vice that can polish
a phase AR GthEdRp 3 ys%awrs der a? ISRINg YHOYDYR, CoppRT, tungsten and
a | t

%Egﬁ%ha r\{ggéspa% h&%lﬂ%@%ﬁ]ﬁ ﬁ%co%gfl&'gﬁﬂx ?ufactl'unillg processes.
(Suge th@esndatalcmer&a@oendle dré kot O:ibﬂcbfbatl@m@lel’ktlmlél&, tifilkkke phase-
occurrence of processi ng |nper$ect|ons (e.g., dishin

aflnge aBateiigls 0 PR oV drvieeshihghi-indisgei noy phase . Therefore, the

S C nd a, nethod for polishi han

b el e, B P, enlbt J0] B HBSRRE G0 Bd cause
T&igmmcsﬁezﬁffeﬂeﬁaeelﬁtlam cﬁé&ﬁét@ﬁ&m@r ovides a slurry
conposition for chem cal nechanical polishing of a

phase- chepgrline bR rife dh¥ice coft RaloxitAing 8K, an abrasive, and other
substantially no change in the conposition or phase of

a phase-change material before and after poli shing,

can mnimze the occurrence of surface inperfections

(e.g., scratches, defects, corrosion and polishing
residues) to provide a clean polished surface, and can
contain very small anounts of pnetal inpurities to

cause few or no environnental pollution problens after
bei ng di sposed; and a nmethod for polishing a
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Agl nSbTe, (GeSn)SbTe, GeSb(SeTe) and Te81Gel5Sh2S2.

The ni trogenous conpound can include at | east one

compound sel ected froman aliphatic amne, an aronatic

am ne, an ammoni um salt and an anmoni um base. 25The

aliphatic amne can be a primary am ne, secondary

amne or tertiary amne, The aliphatic am ne can have

psqf@laagi[ditb@é e slyrrydoe gﬁ]@ﬂhlr@- @@f@l wires can Ppgdailored to provide
ast bst tue

colPAR) el "o M0k Tedl oo R Tl P pnipimizin

apirffe Gafpet B daded e iSt QIrREWM IaGd CRoERH) %ﬂheﬁﬂ&e the polishing
het er ocyclic conpound can include a piperazi ne

c@lnmlun@bf be used tor provaderooritiatied glolisling selectivitien tsagtder drnn-film
i ncl ud | east .one und ed fro
| B, R ratp S (P B iRy Lt on el mitride. oxides and

hﬁgqg%!de tetrapropylannnnlun1hydrOX|de and salts
derived therefrom 5The nitrogenous conpound can be
present Unliké kenvehtibhal 6&APRSElsl @ingdle@df ANGHEIE elment, such as
about 0.001 to about 5% by wei ght, based on the t ot al
wedrpst (@) ar ﬁ@%tﬂur(fv‘{/) taymdsf‘nhrasmchange memomy dendces to be polished
enbodi nent . of, ect he .in |on the. sl urr

c O EITRYEh ST i aaesuts of el BlF rqngLs. s e i (s),
amlaﬁhmqsaf@bhﬁéﬁﬁnqaa) | DGR (BﬁLttélﬁ{rﬁﬁl ple)alilVef@Ak), indium
10one netal “oxi de sel ected from't group consi sting

ofln}itini (Sa), (281102) (Ga), and e 1{kal, 203 ppecifeed @mtip Gz 0RJecrgod revers1ble
Z|rcon ro2), nthetic I r ficles.

Hssa phatet PEtvieh Pt A HavBaN Bpsiagimen Fepgacteristics of
pﬂfetmﬁﬂeﬁalg'te%t §(§11891£ aho H{ffel'eﬂtol?(ﬂﬁ ()cﬁzxsez@pc&meﬁ'??na?rﬂnet%l layer
average specif sur ace area of about 10 to abo
naterialkbihes: axdisias sivenguadet ite el emnovet palishasntonipositions.
slurry conposition in an anount of about 0.01 to about
30% by ldenlgsitury casgobsitions Her polishingiphagbichafget inetesihlsr ofyphase-

osi tion, I.n_anpt her embodi nent of, this
~Sogs mamatics (PRAR) AUIG Heetabe Tolaing re%mqneq g the phase-

Ca{hngg%&'tgﬁ Q¢ 6 Zh e W@oh&%&rhﬁ fir dfa%éanI)aﬂl%nbohshmg

can nave a er stan ctr ochem r edlox
psdl @titvita Ibetmn the phasehahgngetcrialk ent @lohhh)stbﬁ lpers sinetcbe high;

'The oxi di zi ng agent can include a per conpound, iron

ohil) ghshing (Presierh daHgm non-uniformity, mpperfeeiieny (hge Seratchgs defects
bﬁ'&)ac&ﬁf%?ﬁl ga%ggt%‘hﬁé grhﬁgb? Hﬁnﬁ{lzéﬁo atid VY (e o n%?sg bR Hdchange in

ouhd contai nin ment
hihgheffposiibal ahd PRase! ditefements constltuhng the surface of the phase-change

materials after polishing.

SUMMARY OF THE INVENTION

The present invention provides a slurry composition for chemical
mechanical polishing (CMP) of a phase-change memory device that can polish a
phase-change memeory device at a high rate, can achieve high polishing selectivity
between a phase-change memory material and a polish stop layer {e.g., a silicon

oxide film), and can minimize the occurrence of processing imperfections (e.g.,
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The conpound contai ni ng one or nore peroxy groups

(-0-0-) can include at |east one conpound sel ected

from hydrogen peroxide, urea hydrogen peroxi de,

per car bonate, benzoyl peroxi de, peracetic acid,

di -t-butyl peroxide, nonopersul fate (SOb),

di persul fate (S208), and salts derived therefrom
3drhiagendpaomon)clonpral e righigh-qukkiyeprlished puréack girbgtmethod for

oxidation.state can include at. |eas conmpound..

B s R e ot e Baing P Mgy EiRB o

per chl OThe pagkt, inP&IRAN fuethef bbvid§ B HERRBAPosiABA for chemical
salts derived therefrom The iron or iron _

c oweploamie] palishingrd i phave ehande memoaryodevicedbatpoo eduse substantially

C R ey e GRITRVISE o Do OF AR SIRDEY Fiat By gnd ot

2g&RkhifA Rah MG e Ahe | RBSelB G ICQRRCY %géﬁé&i%h@ ek, Qtatches,
hydr ogen peroxi de, nonopersul fates, dipersulfates,

i defects,i carrpsmanpelupad shingndsiducs) tc pedvadea cbrapquhidsed surface, and
The oxi di zi ng agent can be ggesent,in the slurry
cERfpsentany vy el | Hpewts obf ithetal impBLfes dp sMtE few or no
0 0, i i | P

2 idrthRRP BRI o Ufs Qe b B0 R A0 4 il for polishing o
apledsbehaghoeheBrdevirk ushiggshaspaeslual chhpgodidyent i on,

the CMP slurry conposition can include both abrasive .
parti cl Bsacgatdagee wxthdingiagpech gé He proveat gvgptign, there is provided a
c sitlon..can: ha H o ut (2.1 0.

CORE R BB ufD oo B, G of % Rt
pfrtea@gya&ﬁi&gwﬁﬁﬁ%mpﬁﬁérsf&i@ﬁlz@ﬁw%i, laGtr&@RBhs Edfipound, and one
include at |east one acid selected fromnitric acid,
phosehordditiensl gompondnts that eai providediesiced EMR charheterigied to the
or.gani ¢ _car.boxylic acjds. having a pKa .of 6 or |ess. o

| A copRaHBanguch o5 ABERIYF PRIy “B PG PRI & combination
| BV ApartifBS Snd sh PLi@MHISEea Method for polishing a
phase- change nmenory device using the CWP 20slurry

conmposi Thorphase-changd pleasey cevige memircgudte\ oectdanllbe or a
fabricated by applying an insulating material to a
sgm¥%ﬁﬁ8@8tor wafer to forman insulating | ayer

pl anarizjng.the .insul ating layer, patterning the

Dl anar THE (haTAHgEayBrNOHn SO iogh e EAp ot ey gompound
R &hdBiromnEBSHRL] ﬂe‘l%siale{wf%t, G Teaki88e T Sh8bIMe, InSbGe,
phase- change material |ayer; and 25 the CWP slurry
cAghidiTe] @reSailbTee Gelb{Sgit) amt Be;gbntHet, Wi t h t he
phase-change material |ayer to polish the phase-change

mat er i alh¢ aytergenors tompeuridnsan atcludg dtalgest one eorppyud. selected
The pha e-cgan e material .l ayer can be polished. b .

a erhalﬂhﬁ C@%ﬂ”’%laﬂﬁr‘?}n% & PR AP sl anf g ammonium
pdskshing pad and bringing the polishing pad into
30contact with the phase-change material |ayer under ,
predet eTHd ARFhaBcOHSHE Ran ©RNHpAHmMARS athfeP $doplarROdrkin® % tertiary
of the phase-change material layer by a frictiona

f anue, In yet another aspect of the present
invention, there is provided a phase-change nenory

devi ce Pot dlihetic pipindranduve shleas) one elkybior AeRPAEIGED.
DESCRI PT] ON . QF THE | NVENT] ON The present L.

i nvent i bpe abimhatic amine  grashavenddlents raner tHbsttugRl e9tiaiping, one to
igﬂéggm%gﬁggm§u;detailed description of the

i nvention, in which sone, but not all enbodi nents of
the i nvept Lighaal SmfRSGh; 4 poeRGvelidiainidingnt i on
may be eﬂ%o igd I'n nanylgﬁﬁ?%rent f%?ns and shoul d not
be construed as limted to the
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10enbodi nents set forth herein; rather, these

enbodi nents are provided so that this disclosure wll
satisfy applicable | egal requirenents. The

present invention provides a chem cal mechanica

polishing (CWP) slurry conposition for polishing a

phase- change nenory devi ce which conprises deioni zed

wat er, &hebetemgeelscomnovpd gadinchdg aoppsranag pympsador

nore additional (15 conponents that can provide desired

CMVP chaltBe awmoniyms salf T pR@ogium pgsecsgBArds #rieast gph corgpound
a r i gd age . .
Bk B BE LRy, £ RY Hlnnchiihmonium hydroxide,
agempropeanching iydrdxide xedpdigragriesdodiofnt.s of the

i nvention, the CWP slurry conposition can include

dei oni z&He witm@enausdcompuiuhd ege bo ysesentrinotha dlurtyncabgusition in an
exenpl ary. enbodi nents of the invention, the CVP. slufry
28med ebewtdhONUAR a?bﬂ%ﬁ aby aeigi el R&f@rt?taéwelg%t of thé slurry

nj %ﬁﬂgps conpound; and abrasive particles. In other
e%%%@ ary enbodi nents of the invention, the CVWP slurry

conposi { ik &APodifchtGEnielsBait 22 dhdMalvBhtior thY $1HRY@BRAYSsitions
conpound; and an oxidizing agent. In yet other

exanpkady abrabivd ipaeitles. Ohe tbresivapaticies gan idvhndeartadlasrofiat least
conposition can include deioni zed water; a _njitraqgenou

c aﬂepraﬁwij SRR %2%*§F EFRPESISISHRE afsiisa @iléz)néumma (A1.09)
agent ; -~C ' typically

B (G0n)ond AP 250 A BRI

phase- chadgBrAReSidrRtied RAL hANAGH 396508 PR EY Yalide diameter of
phase change between crystalline and anorphous phases
Exlanpllee abbus20Q atnl smdphosergitapgefivaidghcaisa bbnbaugd 0 fo about
tgg E&ﬁsent 30i nvention include, but are not limted

t 8Y0 #ary conpounds, such as InSe, Sb2Te3 and GeTe;

t ds, sugch G22Sh2Teb5 ShT GaSeT )
oo Ehe ThNa pateRl 0 5E RRERC T shE STHRGL SBRSH Ry in an
AghBSR B2 ab&iEDTM) abBut @@@@%@J@%i BREd $RShd Rl SRRHBAS the slurry

The nitrogenous conpound i$ a Taterial that is
etémpdsitwen.i n uniformy and 5 rapidly polishing the

~phase-change naterial upon CMP processing and that is
- capabl elmfnotbetueinhedimivat o ¢his raspess off theriogerdionathe CMP slurry

dishing.in a.pattern. .The nitrogenous conpound can be
aﬁmﬁl"?s%f?é’t"raé‘ lgﬂﬁ%?n g’ﬂggprtc ani ne, an anmmoni um

salt or amoni um base r.a combinat i reof

ot r oge Dt BB e 36 8V e AR MEaaR, RETERERIOE redox
1pdibsriAkhaphaiiagc3RAMR B4l %o Be PlidREY am ne,

secondary amne or tertiary amne. A mxture of two or

nmor e al Thoaddigizag rgentmeyn ainsladdea up&ccompound, e or an iron
al i phatic am ne nmay be unsubstituted or substituted
aﬁHnWﬂm@xenplary enbodi nents can have at |east one

al kyl or_al cohol group. An al kyl group can be usef ul
in ter mED®PEHEPPRANHGCIMPE SoROPRRUH SUE2IRHEgRe OF moTe peroxy

| 2%%’@?% {’lb—o-)t}%oaﬁ(ltoin%%h %o&ging@ &Saaﬁemﬁ?ts%%qeg@n@{mmﬁ statc.

uent ai'ni ng one seven carbon
The al i phatddmAinie cGRRinRE 3nbebe RGLC é&ﬁo%%@d(-o-o-) can
such as piperazine. A cenbination of t or re
al inplude iat leusi oas chvipobl welected from hydivger pesoxide, urea hydrogen
particular restriction on the kind of the anmpni um .
s aPHOHHE, A REFGATDORMS a D8Nz dPeAPXiIHE o BETaSRIE @i HlirfcPutyl peroxide,

¢ PR ARTSCR) B hIAA0R U st arkhtom,
hydr oxi fig. aBfhpsahd SofiehiNe %rét éT@rﬁ%(tr ﬁ’l”lt?] ighedebkiddon state can

conbi nat 1 ons Phereo?, can used as the amoni um sal t
or ammoni um base. The ni trogenous conpound can
be present in the slurry conposition in an anount of
about 0.001 to about 5% by wei ght, for exanple about
0. 005 to about 3% 25 by wei ghts, and as anot her exanple
about 0.01 to about 1% by wei ght, based on the total
wei ght of the slurry conposition. The amount of the
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The abrasive particles nmay be particles of at |east
one netal oxide selected fromthe group consisting of
silica (Si02), alumna (Al 203), ceria (Ce02) and
zirconia (Zr02), and the |like, or synthetic polymer
particles, or conbinations thereof As the
synthetic polynmer particles, any known pol ymer

- paciudg| et 1¢ﬁa§/ dne stvmptamdy seletted t @omapenrddé rayid, operheomic acid,

ki nd, of. t ice t ol i shed.. For exa such
oBASRHe gt PEPRES i R Send; v il ﬁﬁ%Ye@Lasﬁ%sed
of POl YRE S, ALY i: APLARhASPRLL LShE®: GOMRARIHALLr o compound
pol ymer - coa rasive particl es
C oseinRe iffn zﬁei;saholeewﬁ%uﬁ@m@d pol yners. 10The
abrasive particles can have an average primary
particl & dixesplaey eddbodbnetits Joft theabovehtic)Othe nyddidirgn agent can
averape specific surface area of about 10 tq about 500

°19 lease ppe apppersoRslseik Sowr hydieegnreapnide mogepersulfates,
p&@éiﬁﬁat%? &%{: Ekoﬁ' é&g{)ﬁﬁcﬁnaﬁc& ]?S’A p&eﬁé‘[e %&% Bfldsshi ng

mance sive €5 ¢an Rave an
aver ageTRg | Ri¥inB 3 den 'c%ndﬂxéfﬁ?és%ﬁtb?ﬁ BO QD ofipBBHA of the
100 nm for exanpl e about 10°to about 15 nm and
aimveridrmagears pmouft ¢f shout ada mrMuoﬁO%bl@;ubve@ttlﬁasedaontthe total
300, nR/ for exanpl e about 40 to about 250 n®/g.
TW@QQ%Pg@¥§BH@aWFﬂE$%@HCan be present in the slurry

conmposifion in.an a nt of bout to about 09

wei ght , Iﬂf 6‘? 3@?%?’@ afigisnt of By apea'bfbf}rbewgl o, ?éi\?l? slurry
. 100

aaqn RAPLAT ﬁcl&&(flﬁﬂgh SRR bafliclestfd %pwf]déﬂlgga@m.

melg 20t ot al wel ght o

Conp05| Th®Blurry composiien 8 KHvelaH 8088ut QQ{E‘alSBﬁtd()Z e the

surface | ayer of the phase-change material to an oxide

or i onsTh@CMIE 1y @bpbiifion eapi@dheOéorfseIWH -ad@stiay ffent.
and can function to uniformy polish portions of the
phase- chhagel-adoempadgemt tdan inchidpat tleash one gtidrselaatad| fram nitric
pol.ish stop. | ayer a sjlicon oxide film, is

&%%@@Smnw%\ﬁ@l(ft% agid, ’@Lﬂf?%@’“’r %@rﬂi’éﬁ%ﬂc Pﬁréoxyhc acids

p on, the use of the oxidizing agent
C%thﬁégﬂét%aft%g)gtlig renoval of residues of the

phase- chang&ikice" bvﬁh BIRR&ENGs eEt t(;f’eth@o*aﬂe%htsﬁﬁgntlon there is
| ayer, thereby enabling nore form potishing

A;:ly)vmiedda maﬂ@daﬁ&rﬁolﬂhﬁgkfephmebhamgd hempre slevice using the CMP
qventlon sqQ long as it has a higher standard

cHBEY CORRRHIRRI redox potential than the phase-change

for exa

coaRekh do aTB@nQEhdichdrn@aﬂﬁ et fdifﬂ:y aﬂhﬁﬁllzﬁﬁlgp Dyt n;ﬁdnanzmg the
W th one or nore other oxidizing agents.

t J@ﬁ%hatlm kyenppeming the planedinseleting lavet, and applyalg a phase-change

AL GRS I B s PERURE il s an

ot?h'e d@MPO E‘luﬁgfa&ﬁnpogtﬂﬁnéa‘h BOGrbu}pk IR SorRE '\ﬁm Pﬁiz?se -change
may be used’in the present invention, es

ohatcoebbiyed® pdish dhapgeehenger mawriel lageomtil gh@ upslating layer is
(-0-0-) include, but are not limted to, hydrogen

pEPIRF e, urea hydr ogen peroxi de, percarbonate

benzoyl de eracetic acid, di erOX|d
monoper L PE-apECEt JaRd, fhabe polhiuby RS e ove
gt Q:@nip'aﬁ}iﬁ@ﬁ rt@@ rotating poEXRRB! 28 Bl lﬁﬁ{@%’ﬂﬂspohshlng pad into
contalnlng an elenment Inits |ghest oxidation state

i eneitaetl e withuthearpghasmthangen tratkriab, laper ivmderc medagrmined pressure
perbrom c acid, perchloric acid, perboric acid,

per manganate, and salts derived therefrom

The iron or iron conpound may be metal iron or a

conpound containing 15 iron in its nol ecul ar

structure. Non-1imtinggexanpl es of suitable
oxi di zing agents for use in the present invention

i ncl ude hydrogen peroxi de, nonopersulfates,

" materi aﬁrﬁhgsgoa,aﬁgg %eh%;lg %e‘gw EaPd BbALAG BY by sulating
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30wei ght of the slurry conposition. An anount of the
oxi di zing agent within these ranges can be useful to

mai ntai n optinmal etching of the phase-change material.

The pH of the slurry conposition can be adjusted to

about 2 to about 10, for exanple about 2 to about 9,

and as anot her exanple about 2 to about 5. The slurry

c epnsidiaonsite polsth poméonsrad deguphasergbangiconaterd 14ygr bnedrictional force.
conprise a pH adjusting agent to 5 adjust the pH of

the sl uby yetcoRpissipshesh of dhe preserd dgecnden; thers Woyowdedgephase-

CE R E AR b P bR RAET o U Fur

acid and hydrochloric acid, or an organic carboxylic
acid having a pKa of 6 or less, as well as

combi nabEFAILENEDESERIPTION OF THE INVRNTIOSE ent

i nvention also provides a nethod for polishing a

phase- chwmgesetOnmentisnynogeviltee descriped meredivily Sknginajter in the

1] ] | nbodj ments of t
oPAUB IRl esrripion TR EUe Rty e REhT g ey PELA L ar
Dembéficfi of thedikyéftith i GesRfibddS U@l iSRG lcRl b

sem conductor wafer to forman insulating |ayer,

~ ptmbedied inngarhéi fierent faatnis agd sbyudd potiat doastmaadgastlingited to the

apar, i nsul ati | ayer, and applyi.ng a phase:change .
e Bedimen get fﬁaﬂ%sr%trﬁt@% thess g pAmIcRE ar%\y@meg 5P s
ad; = G [ i he CWP slurry
cgﬁggéﬁ?ﬁ@@Q%@ﬁyﬁgﬁ%?@EgﬁgyﬁﬁPga@%ﬁ%act with the
phase- chian pecsomt @ke@ion pyo@ides @ pldmighl flehanical polishing (CMP)
phase-changemateri al | ayer until the insulating |ayer .
i shugy sogwpgsition for polishingk a mbpse-shangd Sy tdsvise Wiieh comprises
p ' ngi h - change ' I oo
PSSP WAKEEh ioneh e, BORR R R PGl B e @0iiona
acdmpctiechRGhAQah Provilld a&iRaE MRELBabRALNG tb ke ﬂahi[y&bhfpgsiﬁon,
pad into contact with the phase-change material layer
usislras ghedive gartiolgsdap pridizim@agent dir tai combinagiop gif iabrasive particles

N T CAL e TG .

t heseMb alurdy CoffdetBh! MaIPQﬁﬂriﬁééidéi(ﬁliieﬁ @Br and a nitrogenous

appl i cati ons. e present invention also
peaonpaimd. alpbidse-axbhaphpey rerhodymetey iof ¢h@ Snymtipshte 6MP slury
the pol jshing nethod. | Herei nafter, the present .
i?RPéI?RSFW G e eé%!ﬂ%?ﬁﬁieﬁa‘ieﬁ PO EOSFBPS FOIRP‘%‘ﬁldS and abrasive
r ceyt i ess s thes
FEURDC el Buler SaCOpLEY, I AN, 50 e P ton, (MENEMP shury
odunypa@itibnasaf iMdhdd deidigz@lonster; datdtrégenbusitdrhpgintihenSan@adizing

of the invention. Further, the follow ng exanples are
p?asot-dda Y& othersxemplarye sahpdizmeptsonp tisomstenbers ther CMP slurry

narizing a . e-¢change, material ... EXAVPLES . .
PRl o8 ROGR FeiR%6t B niiaPRIol e brsive
lpattideg JH@ARdKREZINEagep@npl es 1-2> Slurries having the
conpositions indicated in Table 1 are prepared. As 5

abr asi VEhahiseadhange hisimsty deviceatyprilly Gheladday imgaRalloy or a
average primary particle dianeter of 15 nmand_a
sphatqoppride g pabesarkage mateal thpigungdeegags adreversigle phase change

unt of 5% by weight wth respect to the total
a%%gﬁ?lg'ﬁgggﬁaggawﬁg%gpﬁﬁkvw%onpositions. The funed
silica | £1ho 1 Y. di.spersed Lo
Se) o ETELST S TSTAREL Il SR TG0 iy e preen
NinkEfPRNavRide oM ek fot Hmked P! Bigiady @Mbodindan@ich k0 InSe, SbyTe;
hydr ogen peroxide is used as an oxidi zi ng agent in
Exanpl e 2 and Conparative Exanple 2. Nitric acid is
used to adjust the final pH of all slurry conpositions
to 2.5. TABLE 1 Exanmple No. Silica (% Triethylamne
(9% Hydrogen peroxide
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(9% pH Exanpl e 10.50. 202.5 Exanpl e 20.50.21.02.5
Conparative Exanple 0.5002.5 Conparative Exanple 2 0.5
0 1.02.5 15After each of the slurry conpositions is
used to polish a blanket wafer deposited with a
phase-change material under the follow ng polishing
condi tions, the polishing performance of the slurry

c éliifb Gsilei ismasn compowsidaswich aKereSbrdiearngbTe, ﬁ@ﬁ&“ﬁu&@%’fﬁi and

RS Hhd 8265y 8 Peelhet Nl o AGRRRES PRFRL TS0 bsere)

geRdREY, GB)s6658) 1 antinmony (Sb): tellurium (Te) (2:2:5),
is used. The phase-change nmaterial is deposited on the

bl anket Thah#trogayods. éonifRGAGtis QinaEGd] tteati 1B ¢ffe@tiviedihngformly and
5,000 A-thick | ayer. A 15,000 A-thick PETECS silicon
oRﬂPéfBan’qlkﬂqﬂg theephase-changsi mtﬁr@l dpon sy prasgssig and that is

/ ad (Rodel ed as
oS Rf Bateinicifhe RAESREhe SRl hd PR TR, € parem. The
p ﬁitto%hﬁlﬂls U:%hfﬁ.ﬁuﬁd &Qpbfﬂﬁﬁ My BRlineS BE hrdniRRUHnAS &, HnShmonium
by Applied Materials (AMAT)) at a down pressure ‘of 1.5

p8alt Oraansanummymm lenne.rataccogfbi@niheradfn The aittogbheusspowgund can
nL 100 ngg%% %ﬁﬁglndle speed of 100 rpm for one

hire™ % shing characteristics Exanple No.
Eg' L shi pge LAbG AT S o P bt ) SN &R aly YllinDor tertiary

amine. A mixture of two or more aliphatic amines may also be used.

The aliphatic amine may be unsubstituted or substituted and in exemplary
embodiments can have at least one alkyl or alcohol group. An alkyl group can be
useful in terms of polishing rate on the phase-change material. The aliphatic amine

can have at least one substituent containing one to seven carbon atoms.

The aliphatic amine can be a heterocyclic compound such as piperazine. A

combination of two or more aliphatic amines may be used.

There is no particular restriction on the kind of the ammonium salt or
ammonium base, and at least one compound selected from tetramethylammonium
hydroxide, tetraethylammonium hydroxide, tetrapropylammonium hydroxide and
salts derived therefrom, and well as combinations thereof, can be used as the

ammonium salt or ammonium base.

The nitrogenous compound can be present in the slurry composition in an
amount of about 0.001 to about 5% by weight, for example about 0.005 to about 3%
by weight, and as another example about 0.01 to about 1% by weight, based on the
total weight of the slurry composition. The amount of the nitrogenous compound
used can be determined taking into consideration the stimulatory effects of the
nitrogenous compound on the polishing of the phase-change material, uniform
polishing rate on the phase-change material, desirable surface characteristics and

optimal pH maintenance.
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Si 02 Polishing selectivity (GST: Si 02) Polishing non-
uniformty (% on GST Exanple 1 Exanple 2 Conparative
Exanpl e 1 Conparative Exanple 2 2,010 2,181 137 312 15
21 15 15 134:1 104:1

The abrasive particles may be particles of at least one metal oxide selected
from the group consisting of silica (8i0;), alumina (Al;Os3), ceria {CeO) and
zirconia (ZrQ,), and the like, or synthetic polymer particles, or combinations
thereof.

As the synthetic polymer particles, any known polymer particles may be
suitably selected according to the kind of the device to be polished. For example,
such polymer particles include abrasive particles composed of polymers only,
abrasive particles composed of polymer-coated metal oxides, and abrasive particles

composed of metal oxide-coated polymers.

The abrasive particles can have an average primary particle diameter of
about 1 to about 200 am and an average specific surface area of about 10 to about
500 rnzlg. In exemplary embodiments of the invention, to provide certain dispersion
stability and polishing performance, the abrasive particles can have an average
primary particle diameter of about 5 to about 100 nm, for example about 10 to about
80 nm, and an average specific surface area of about 30 to about 300 mzlg, for

example about 40 to about 250 m%/g.

The abrasive particles can be present in the slurry composition in an
amount of about 0.01 to about 30% by weight, for example about (.05 to about 20%
by weight, and as another example about 0.1 to about 10% by weight, based on the

total weight of the slurry composition.

The oxidizing agent can oxidize the surface layer of the phase-change
material to an oxide or ions to facilitate the removal of the surface layer and can
function to wniformly polish portions of the phase-change material within a pattern
region until a polish stop layer (e.g., a silicon oxide film) is exposed to improve the
surface roughness of the pattern. In addition, the use of the oxidizing agent can
facilitate the removal of residues of the phase-change material present in the polish

stop layer, thereby enabling more uniform polishing.

Any oxidizing agent may be used in the present invention so long as it has a

- higher standard electrochemical redox potential than the phase-change material to be

polished. The oxidizing agent can be, for example, a per-compound, iron or an iron
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9:1 21:1 9 4 39 15 As can be seen from Tabl e

2, the slurry conpositions of Exanples 1 and 2

conpri sing the nitrogenous conpound show hi gh

polishing rates on the GST | ayer and greatly increased
selectivities in polishing rate between the GST | ayer

and the 10 silicon oxide filmin conparison with the _
stamrpgundorfhe sixidising agenCoryailae ibeecmxzingd edthlonmer zore other
The ;addi ti on of the oxidizing agent did not contribute
tgxﬁﬁWFH§$nﬁnprovenent of the polishing rate on the

GST | ay tn the € { 11 .
compr ; ot iy A S5 orpoe” 3 RPRL bR e Satbaund containing
aoik bhend¥ ipdickiyngroageHO-ObUbr BBjokduld destaRdEedn tehgnent in its
pol i shing non-uniformty on the GST 15| ayer. The .
pbigheshioxifation stat. fneanicyand sinergirpigl per-sampgurdsanay be used in the
fol |l ow.n uat i on- Non-uniformty (% =
(g¥§%§gwgmg§%iation of polishing rate/ Average of

pol i shi (@) .. L.Sshi N
e rons RahPEebrtotilutdLonaining one JPoRPRERR Al C0-0-
t hecRdwaber attsindg Hnikd pQi hydrpgd hermxpleairto hydA denWasroxide,
val ue of the non-uniformty neans that the polishing '

i sPereAThonpkt oerzAY) peroRisgcpaaccticarida fpf-batyBperpxigs, moncpersulfate

st SRARARS 20D W FRLERE Beiiola The cont ent

“of the it . the ’
Tobl e oo FHEeE O AR AR o Mot it MR b E el st

r adchale, dfit tahe nst dintivedSte; oppREid aods peibréhie &Sd, peehloric acid,

conpared according to the nunber of carbon atons

i PIPOde aciflpermanginpig) angt witp denyed there§omst i t ut ed

aliphath amnes, i.e. tertiar¥ aIkgL am nes . .

(trinmet ﬁ? Hin & rqny samrapnd e be Relrires oy campAryd containing

h i shi each of the slurry conpositions

ong?ﬁgﬁiﬁgk%g?fma g$£@eposited with the phase-change

mat er i aNoh3inTRAg lék@rﬁ{aleé‘ of RBitAIO GR AR ABSAS Akl I the present

Exanple 1. The results 10are shown in Table 3. TABLE

Boaempiien Meclude hydrogen peroxide, monopersulfates, dipersulfates, ionic iron
compounds, and iron chelate compounds. As used herein, the hydrogen peroxide is
defined to include adducts obtained by previously reacting hydrogen peroxide with

one or more other materials (e.g., a radical generating catalyst).

The hydrogen peroxide or its adduct can cause no environmental pollution
and advantageously can function to clean the surface state of the phase-change
material without any change in the composition of the phase-change material before
and after polishing. The use of a monopersulfate, a dipersulfate, an ionic iron
compound or an iron chelate compound as the oxidizing agent can be advantageous

in that the phase-change material can be polished at a high rate.

The oxidizing agent may be present in the slurry compositions in an amount
of about 0.01 to about 10% by weight, for example about 0.05 to about 5% by
weight, and as another example about 0.1 to about 2% by weight, based on the total

weight of the slurry composition. An amount of the oxidizing agent within these

10
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Ki nd of nitrogenous conpound Anount (% of nitrogenous
conpound Polishing rate (A/mn.) on GST Exanple 1
Triethylamne 0.2 2,010 Exanple 3 Triethylam ne 0.25
2,620 Exanple 4 Trinmethylamne 0.2 1,012 Exanple 5

Tri propyl am ne 0.05 3, 605

ranges can be useful to maintain optimal etching of the phase-change material.

The pH of the slurry composition can be adjusted to about 2 to about 10, for
example about 2 to about 9, and as another example about 2 to about 5. The slurry
composition of the present invention can further comprise a pH-adjusting agent to
adjust the pH of the slurry composition to the range defined above. The pH-
adjusting agent can include an inorganic acid selected from nitric acid, phosphoric
acid, sulfuric acid and hydrochloric acid, or an organic carboxylic acid having a pKa

of 6 or less, as well as combinations thereof.

The present invention also provides a method for polishing a phase-change

memory device using the CMP slurry composition.
In exemplary embodiments of the present invention, the phase-change
memory device can be fabricated by applying an insulating material to a
semiconductor wafer to form an insulating layer, planarizing the insulating layer,
patterning the planar insulating layer, and applying a phase-change material to the
patterned insulating layer to form a phase-change material layer; and the CMP slurry
- composition can be brought into contact with the phase-change material layer to

polish the phase-change material layer until the insulating layer is exposed.

In exemplary embodiments of the present invention, the phase-change
material layer can be polished by applying the CMP slurry composition to a rotating
polishing pad and bringing the polishing pad into contact with the phase-change
material layer under predetermined pressure conditions to polish portions of the
phase-change material layer by a frictional force. The pressure conditions can

include those that are generally permissible in CMP applications.

The present invention also provides a phase-change memory device
polished by the polishing method.

Hereinafter, the present invention will be explained in more detail with
referencé to the following examples. However, these examples are given for the
purpose of illustration only and are not to be construed as limiting the scope of the
invention. Further, the following examples are provided to illustrate exemplary CMP

methods for planarizing a phase-change material.

11
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Exanple 6 Tripropylamne 0.1 4,960 The
results of Table 3 indicate that the slurry
conpositions of Exanples 3 to 6 show hi gher polishing
rates on the GST | ayer than those of Conparative
15Exanples 1 and 2 The polishing rates of the
slurry conpositions on the GST |ayer increased with
|ncreaSEK@$ﬂﬂﬁ%E* of carbon atons included in the

al kyl groups of the ubstltuted al i phatic am nes (i.e.
trial ky% HEeR of ARtis gt walstdnt of the

trlalkyl m nes. Ies to.1 Slurry
conposi t ’(‘fﬂg 5? éaﬁgwﬁ’th et‘%@@é‘i“?é'%%nner as in

o 1 rooe R BRBh T cbMarlilh B0R I BHE, o pledrea. as
4 abrafle ﬁﬂ{lbl%b] | fﬁﬁleﬂ aflra p@lfncle@ @aSiny raﬁ)év@rﬁg@ﬁﬁinbbﬂ{bﬁlﬁe diameter
GST are 5 conpared accord gato t e shapes of ‘the

nbf ogends snsapisundice ame obHaNe gh!mgert@ccélman amopnteff 0.5% by

th bl.anket d t

W eGSR R bt R B dharu R o weE SapenSipps. The
tﬁﬁn&ﬂ' OGREHT SarflBRS T kR dhdrRo éﬁ@&mﬂye &sp&@é’d rﬁﬁuﬁéﬁm@éae water.
shown in Table 4. TABLE 4 anpl € No. Ki nd of

nifnctbgbm(’fﬁmpmumdd Asraunitogw@nu@a:immmndgn rExamples 1 and 2, and
él}éﬂ'] ST Exa IelEé anple 7 rrple8Ex§1rHJ
GHgH e f%‘ B3 MSP 391 PR a&fﬁl"ngl BXBmple™ ahd Comparative

Example 2. Nitric acid is used to adjust the final pH of all slurry compositions to
2.5.

TABLE 1
- . ) Hydrogen peroxide
Example No. Silica (%) Triethylamine (%) ) H
0

Example 1 0.5 0.2 0 2.5
Example 2 0.5 0.2 .o . . 25
Comparatnlre Example 0.5 0 0 95
Comparative Example 0.5 0 1.0 25

2

After each of the slurry compositions is used to polish a blanket wafer
deposited with a phase-change material under the following polishing conditions,
the polishing performance of the slurry composition on the phasé—change material is

evaluated. The results are shown in Table 2,

As the phase-change material, Ge,SboTes (GST), whose composition is
germanium (Ge): antimony (Sb): tellurium (Te) (2:2:5), is used. The phase-change
material is deposited on the blanket wafer by D.C magnetron sputtering to form a
5,000 A-thick layer. A 15,000 A-thick PETEOS silicon oxide film is used as a
polish stop layer, and an IC1000/SubalV CMP pad (Rodel Corp.) is used as a

12
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Di et hyl et hanol am ne Di et hanol am ne Tri et hanol am ne

Pi perazi ne Tetraet hyl amoni um hydroxide 0.2 0.2 0.2

0.2 0.2 0.2 2,010 1,683 941 910 1,007 2,589 10

The results of Table 4 denonstrate that the slurry
conpositions of Exanples 7 to 11 show hi gher polishing
rates on the GST | ayer than those of Conparative
Ereligbinsspag. dhe phasepapngeonktaripylayertie pglishedyasing a 200 mm MIRRA

g%m ?ﬁ?‘%&%@r %R&b@&é”?erﬁgﬁhﬁém P‘Z gfﬁllg]yvg‘lepr%%sure of 1.5

EM ah YRty dhwtat® 8F 2GS B, doﬁbfe%e&ﬂoﬂ\ﬁf(ﬁ'pﬁl and a spindl@ speed

eval uate’t he pol i shing performance of the slurry

c ofrp¥kipni tmeonemisgai conduct or patterns, patterned
waf ers are constructed by the foll ow ng procedure:
284 2: Deposition of silicon nitride (SlN) to a

t hickness of 850 A~ Step 2
di oxi de (Si 02) to a thi cknEgks h ep 3:
Formation of pattern o e f -
Bxample No. Poﬁshmg T 'Pogélﬁng xdtd Pl’)lﬁhmg P‘ohsh}ng 1;011
(A/min) on GST ( mln) on selectivity uniformity (%) on
Si0, (GST:Si0,) GST
Example 1 2,010 15 134:1 9
Example 2 2,181 21 104:1 4
Compatative 37 15 9:1 39
xample 1 ,
Comparative ]
Example 2 312 - 15 21:1 15

As can be seen from Table 2, the slurry compositions of Examples 1 and 2
comprising the nitrogenous compound show high polishing rates on the GST layer
and greatly increased selectivities in [;olishing rate between the GST layer and the
silicon oxide film in comparison with the slurry compositions of Comparative
Examples 1 and 2. The addition of the oxidizing agent did not contribute to further
improvement of the polishing rate on the GST layer in the slurry composition
(Example 2) comprising a combination of the nitrogenous compound and the
oxidizing agent, but markedly decreased the polishing non-uniformity on the GST
layer.

The polishing non-uniformity is calculated by the following equation:

Non-uniformity (%) = (Standard deviation of polishing rate/Average of
polishing rate) x 100 (%)

The polishing rate is measured over the entire surface from the center of the

wafer using a 49-point polar map method. A lower value of the non-uniformity

means that the polishing is more uniformly conducted.

13
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Step 4: Deposition of phase-change nateri al

(Ge2Sh2Te5) to a thickness of 2,000 A The

silicon oxide filmis used as a stop layer in the

pattern region. The polishing performnce of the
conpositions of Exanples 1 to 3 on the patterned

wafers is evaluated. The polishing rates of the

conposi £Es#aples 3 Gofpar ati ve Exanples 1 and 2 on the

GST are too low to evaluate the state of the patterns.

Eval uat PBHIY SorBRasings eners rpreppscdy it ther s98 Wanest sasypdlerample 1

L Y B, RTCHELRT: 98 FGSREHBE M PP s
peldicédia (=603, Tie Reishgnedracakisow (1¢. pdIBhRRIaksEdlihe slurry

poi nt detection éEPD) 10ti me measured using an EPD
syempeditienseorpiet @3 h are goonared necaBingrto dbc hmbey ok parhon atoms

di shi . h c ol [t h i n. Tabl.
Sins%g éra} gge LR gpo%%é Oértggisrﬁssféﬁt&‘z agélgartlsc%e%ﬁ.e. at‘erlhgry alkyl
Dhliti R o trig afhile - tAethy i F® Bnd %fl)ﬁg MeihdYUMhe polishing rate of
Resi duesRoughness ( Rmax, Exanple 15 Kbt observed68

Saadhl oﬁg%ﬁusycu@mw@@l 3’ 'onazm ?@dﬂpﬂl@t M@_rzd@@mb ed with the phase-
observe . Exa e t observed80Not . observed8 )
AR SHIEIAT IS RS o e HOCH U QSrioth T EXEalfo| -eThe resuli
ShRWBoRELA §5ple8sul ts 15 in ternms of erosion, ECE and

di shing evaluation. Residues are observed in only
smralgrL.erounts, which could be sufficiently renoved by
controlling the over-polishing tinme after the EPD
No residue is Kefdofifter patter ol I shi .using, t .
caxaepld Non ofitGxampke 2. “E‘gﬁ’%b%’ﬁl tio g]ﬂﬁl‘#‘i mgn.) on
shows excel | epbmpghfdr MEHEETAUT GMROWBE 20  max

r -
patxamplegk e ?ﬁﬁ@lﬁtaln}in@r oded, wWHiZch is |ower thaklife

ACESRLBR £ | SMBhhylaflile A and cayges no problem gyq

Example 4 Trimethylamine 0.2 1,012
Example 5 Tripropylamine 0.05 3,605
Example 6 Tripropylamine 0.1 - 4,960

The results of Table 3 indicate that the slurry compositions of Examples 3
to 6 show higher polishing rates on the GST layer than those of Comparative
Examples 1 and 2.

The polishing rates of the slurry compositions on the GST layer increased
with increasing number of carbon atoms included in the alkyl groups of the
substituted aliphatic amines (i.e. trialkylamines) and increasing content of the

trialkylamines.

14



10

15

20

The conposition of Exanple 3 using a bit |arger anount

of the nitrogenous conpound than the conposition of
Exanpl e 1 causes slightly increased erosion and

di shing, but shows better results in ternms of residue

and maxi mum r oughness eval uati on. It could be
concluded fromthese results that the conpositions of
Exanpl esExamples7 4 &l ui t abl e for GST pol i shing and

exhi bit _excellent pattern polishing characteristics., 5

[ Furt he?luﬁi)faF%P‘?sthPnéfarﬁdFP%?%é“ &e pimas R’@%n%fa%ﬂ%]]axample 1

< i 3-8> . .

SPRAPPUER i R O MR, bY KRR sdibopnd, ig yogied =

airgliqategip@r ©eble si. MhedgslBhingadtesaifethe Gt ohpositidns on GST are

abrasive particles. Triethylamne (TEA) is used as a_.

1001Rpared aenelisg dohssharesioh tBifipgewug gompourglsg e polishing rate
af i I ...1he TEA coptent.a h '

DECRIRPLAE SRR CFDiadn ghrt oRERLGPhRE Wadieg Wi G s 2

ShhHsEXhEARELA18Sas Hbdsited ia EhdprbSedisedest@b@linUsdantple1. The

final pH of all slurry conpositions to 3.5. TABLE |

Excanity are NeowiERah@ille412 Exanpl e 13 Exanpl e 14 Exanpl e

15 Exanpl e 16 Conparative Exanple 3 Conparative

EXallile44 Conparative Exanple 5 Conparative Exanple 6

C()Er;par?l;la(:lil:.e I:Xﬁg% oef n{tro genous Amount  Polishing rate (A/min.) on

compound (%) GST
Example 1 Triethylamine 0.2 2,010
Example 7 Diethylethanolamine 0.2 1,683
Example 8 Diethanolamine 0.2 941
Example 9 Triethanolamine 0.2 910
Example 10 Piperazine 0.2 1,007
Example 11 Tetrae}::?gizr;rélgnium 02 2,589

The results of Table 4 demonstrate that the slurry compositions of
Examples 7 to 11 show higher polishing rates on the GST layer than those of
Comparative Examples 1 and 2. Particularly, the slurry compositions comprising the

aliphatic alkylamine or the ammonium base show better polishing results.

[Evaluation of polishing on patterned wafers]

To evaluate the polishing performance of the slurry compositions on
semiconductor patterns, patterned wafers are constructed by the following

procedure:
Step 1: Deposition of silicon nitride (SiN) to a thickness of 850 A
Step 2: Deposition of silicon dioxide (SiO,) to a thickness of 1,500 A

Step 3: Formation of pattern on the oxide film
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0. 2H202 0.5H202 Ammoni um persul fate Propyl enedi am ne
tetraacetic acid-Fe FeCl3 0.2 0H202 OH202 Anmoni um
persul fate Otetraacetic acid-Fe Propyl enedi anm ne
After each of the slurry conpositions is used to
polish a bl anket wafer deposited with a phase-change
material under the follow ng polishing conditions, the
pol i shi ﬁgepp‘brﬁmm@@f@ha&%aggmmyef@gf@@@bﬂ%hwoﬁnthlﬂ@ess of
pﬁg@ﬁyfhange material is evaluated. The results are

n Table 2A. 5As the phase-change naterial,

Ge2Sh2T ' ' 0

ant 1 momg ig ool A AOTRAFLS 5 Wor fuF HTRE B Rgion. The
ppashigh @ag‘@mmbe foif ahe IoSm@@ﬁﬁSﬂlsI efl Baamble bk@nket the patterned
wafer by D.0 magnetron sputtering to forma 2,000

AMEFAIE 1S | w@fated/\ e pobshang Hatek ®ERROSOBPPsIdeRs 6kianparative

| Exfhbiatigd pdh e Ra AP ihER w3 ?teé*ﬁ if%fga)f she pptips.

pol i shi
pol i she %@?ﬁm ;Eh%ﬁﬁ&é@ﬂ]g%g&ﬁ?ﬁéﬁ rranu élcl:éf Earné%pdmhmg
byoriifpdrisess d‘&dﬁrﬂjeldah ExtamidieT) )sx@etpt that vpiiskiBig tinge mfvaswﬂ) After

psi , aslur‘r‘éflowrate of 200 mL/mn., a table sp
oPvaaRPIRpIRE A% 18 mﬁffan@edsﬁé’@wm thepoptiqypad peish ﬁétectlon (EPD)

Poﬁlllétsrﬁf%hsgéghar% J,;)%tell\g thg) %E%térﬂ'r@&oﬁé" 51% O%%Irved for erosion,

er I Sti-Cs
dishing and roughness. The results are shown in Table 5.

TABLE 5
) . o Maximum
Erosion Edge over Erosion Dishing .
Example No. A) (EOE, A) (A) Residues Roughngss
(Rmax, )
Examplel 50  Notobserved g  Swell amounts 120
P Observed
Example2 - 45 120 50 Not observed 20
Example 3 60 Not observed 80 Not observed 80

After pattern polishing, the composition of Example 1 shows better results
in terms of erosion, EQE and dishing evaluation. Residues are observed in only
small amounts, which could be sufficiently removed by controlling the over-

polishing time after the EPD.

No residue is left after pattern polishing using the composition of Example
2. The composition of Example 2 shows excellent performance in terms of
maximum roughness in the pattern region. The edges of the pattern are slightly

eroded, which is lower than the acceptable level (200 A) and causes no problem.

The composition of Example 3 using a bit larger amount of the nitrogenous
compound than the composition of Example 1 causes slightly increased erosion and

dishing, but shows better results in terms of residue and maximum roughness
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Pol i shing non- uniformty (% on GST Polishing
(AAmn) on(A/Amn) Polishing rate on Si02selectivity
(GST: Si02) Exanple 12 Exanple 13 Exanpl e 14 Exanpl e
15 Exanpl e 16 Conparative Exanple 3 Conparative

Exanpl e 4 Conparative Exanple 5 Conparative Exanple 6
Conparative 1,450 1,793 1,860 1,653 1,784 601 510 590
o¢wrlyatipgo

It could be concluded from these results that the compositions of Examples
1 to 3 are suitable for GST polishing and exhibit excellent pattern polishing

characteristics.

[Further EQaluation of polishing of blanket wafers]
<Examples 12-16 and Comparative Examples 3-8>

Slurries having the compositions indicated in Table 1A are prepared using
deionized water containing no abrasive particles. Triethylamine (TEA) is used as a
nitrogenous compound in Examples 12 to 16 and Comparative Example 3. The TEA
content and the kind and content of oxidizing agents used are varied in the slurry
cbmpositions. Nitric acid is used to adjust the final pH of all slurry compositions to

3.5.

TABLE 1A
TEA Content Kind of oxidizing Cont ent of
Example No. oxidizing agent pH
(%) agent o
w %)
Example 12 0.2 H,0, 0.5 3.5
Example 13 0.5 H, O, 1.0 3.5
Example 14 0.2 Ammontum 1.0 3.5
persulfate
Examole 15 0.1 Propylenediamine 02 35
P ’ tetraacetic acid-Fe ) '
Example 16 0.1 FeCl; 0.2 3.5
Comparah;e Example 0.2 i 0 35
Comparatlze Example 0 | H,0, 05 35
Comparatl\sre Example 0 H,0, 1.0 35
Comparative Example - Ammonium
_ 0 1.0 3.5
6 persulfate
Comparative Example Propylenediamine
0 .. 0.2 3.5
7 tetraacetic acid-Fe
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12 16 14 15 16 10 8 9 12 16 120.8 112.1 132.8 124.0
111.5 60.0 63.7 65.6 75.8 76.8 8 9 7 6 7 21 34 39 18
11

Comparative Example

3 0 FeCl,y 0.2 3.5

After each of the slurry compositions is used to polish a blanket wafer
deposited with a phase-change material under the following polishing conditions,
the polishing performance of the slurry composition on the phase-change material is

evaluated. The results are shown in Table 2A.

As the phase-change material, Ge,Sb,Tes (GST), whose composition is
germanium (Ge): antimony (Sb): tellurium (Te) (2:2:5), is used. The phase-change
material is deposited on the blanket wafer by D.C magnetron sputtering to form a
2,000 A-thick layer. A 15,000 A-thick PETEOS silicon oxide film is used as a
polish stop layer, and an IC1000/SubalV CMP pad (Rodel Corp.) is used as a
polishing pad. The phase-change material layer is polished using a 200 mm MIRRA
polisher (manufactured by Applied Materials (AMAT)) at a down pressure of 3.0
psi, a slurry flow rate of 200 mL/min., a table speed of 100 rpm and a spindle speed

of 100 rpm for one minute.

TABLE 2A

Polishing Characteristics

Example No. PO}{/shl.ng rate Polishing rate Pohsl_ur}g I?ohsh%ng 1;10{1—
(A/min) on (A/min) on Si0 selectivity uniformity (%) on
GST 2 (GST:SiOy) GST
Example 12 1,450 12 120.8 8
Example 13 1,793 16 112.1 9
Example 14 1,860 14 132.8 7
Example 15 1,653 15 124.0 6
Example 16 1,784 16 111.5 7
Cé’f‘aﬁ;?:;’e 601 10 60.0 21
Comparative 510 8 63.7 34
Example 4
Comparative 590 9 65.6 39
Example 5
CEofaﬁla;f:‘ﬁ’e 910 12 75.8 18
Comparative 1,230 16 76.8 11
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Exanpl e 7 Conparative Exanple 8 1,312 1587.512

As can be seen from Table 2A the slurry conpositions

of Exanples 12 to 16 conprising a conbination of the

ni trogenous conpound and the correspondi ng oxi di zi ng

agent show hi gh polishing rates on the GST | ayer and
greatly increased 5 selectivities (> 100) in

poEx&HPlsg rate between the GST layer and the silicon

O pa}d‘d in conparison with the slurry conpositions

of nqﬁgrgativel,Ei@n'pl es 3 ib 8. In ad¥i.bion, the 12
slurry-conpositions of Exanples 12 to 16 show | ower
pol i shing non-unifornmties on the GST | ayer than the
slurry conpositions of Conparative Exanples 3 to 8.

Fur t her ABrcan bsise@efiom Bibiagidvihe phuriy edreSositiohsiof Exadptes 12 to
in the slurry 10conpositions of Exanples 1 to 5, it is _
ah® icemprsiag a; spapbingiionelbiediiregensuy FaBROWEhahihg fofrgsponding

BB LADIATL PRI R L8148 1 T

f dlécvivitieg (80WBY i®Polishing ratdNBBwWeeh figd GISTYlaydf and the silicon oxide
(Standard devi ati on of polishing rate/Average_of
pBlm éhtgmparisee with the slupgycorgphisiopoPi Soinpgrating Bxqrgples 3 to 8. In

neasured, over the entire rface fram.the center of ..

C RORUGT b WS gt oh of HaoRafs faorocietl B affishing non-
VahidsnRfiest B BRNGHT 19y mr@l@nau&?a&orh iRl 8N Mdnparative
is nmore uniformy conducted. <Exanples 17 to 24>

2Bshopley 3 dodpbuithéronse, sime poabaased parti¢lbeasandudethinehe shury
as in Exanple_15 except that .the kind d the conten
ORI | Qg ERGIRISE dmffbindt i 8VEPHEh T (hAcaBiPwof qurtace
he an. T > . e e

o Ep o QRO B R o by 198, 1 he csT

are conppé plisAGEOKAL MBIt e cHensteand thd@ N6 QM aftbn:
t he nitrogenous conmpounds. "The polishing rate of each

of the Nbiun¥foe@iityOSh} +¢Standasd dbviatibh ahs6lishiad edte/Average of
deposited with the phase-change material is nmeasured
i polishingrafekxkP@(dascri bed in Exanple 15. The results

are shown in Table 3A. TABLE 3A Kind of nitrogenous '
Exanpl e Thpolihirgoalsds measured over the entire surface from the center of the

‘wafer using a 49-point polar map method. A lower value of the non-uniformity

means that the polishing is more uniformly conducted.

<Examples 17 to 24>

Slurry compositions are prepared in the same manner as in Example 15
except that the kind and the content of the nitrogenous compound are varied as
indicated in Table 3A. The polishing characteristics (i.e. polishing rates) of the
slurry compositions on the GST are compared according to the kind and the content
of the nitrogenous compounds. The polishing rate of each of the slurry compositions
on the blanket wafer deposited with the phase-change material is measured in the

procedure described in Example 15. The results are shown in Table 3A.
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Amount (% of nitrogenous conpound Polishing rate
(AAmn.) on GST Exanple 15Triethylamne 0.1 1, 653
Exanpl e 17 Di et hyl et hanolanine 0.1 1,510 Exanpl e

18D et hanol ami ne 0.1 1, 200 Exanpl e 19D et hanol am ne -
0.5 1,550 Exanple 20Tri et hanolamne 0.1 1,100 Exanpl e
21Tri et hanol am ne 0.5 1, 450

TABLE 3A
V)
Kind of nitrogenous Amount (%) of Polishing rate (A/min.) on
Example No. nifrogenous :
compound GST
compound
Example 15 Triethylamine 0.1 1,653
Example 17 Diethylethanolamine 0.1 1,510
Example 18  Diethanolamine 0.1 1,200
Example 19  Diethanolamine 0.5 1,550
Example 20  Triethanolamine 0.1 1,100
Example 21  Triethanolamine 0.5 1,450
Example 22 Piperazine 0.1 1,210
Example 23 Piperazine 0.5 1,610
Example 24 | cracthylammonium 0.1 1,785
hydroxide

The results of Table 3A demonstrate that the slurry compositions
comprising the aliphatic alkylamine or the ammonium base show higher polishing
rates on the GST layer than those comprising the aliphatic amine substituted with

alcohol groups.

[Further Evaluation of polishing on patterned wafers]

To actually evaluate the polishing performance of the slurry compositions
on semiconductor patterns, patterned wafers are constructed by the following

procedure:
Step 1: Deposition of silicon nitride (SiN) to a thickness of 850 A
Step 2: Deposition of sificon dioxide (SiO-) to a thickness of 1,500 A
Step 3: Formation of pattern on the oxide film

Step 4: Deposition of phase-change material (Ge,Sb,Tes) to a thickness of
2,000 A

The silicon oxide film is used as a stop layer in the pattern region. The

polishing performance of the compositions of Examples 13 to 15 and Comparative
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Exanpl e 22Pi perazine 0.1 1,210 Exanpl e 23Pi perazi ne

0.5 1,610 Tetraet hyl ammoni um Exanpl e 24 hydroxide 0.1
1,785 The results of Table 3A denonstrate that

the slurry conpositions conprising the aliphatic

al kyl am ne or the ammoni um base show hi gher poli shing
S5rates on the GST | ayer than those conprising the

aExpinples ¢ tafiondhe pastierneduvafarsvs evaledtedbhol gr oups.

[ Furt her. Eval uati on of polishing on patterned wafers]

To act ubiVilyatispaispepdugtetoon hg Bﬁ?eﬁge WRICET WRSE éh%%arrt%ohshmg

|
BB D ST SR R . v
PoosrestlisRing F50%) s pEep@sdd fodlawalg gid ominedd poihrl@ete&ioN) (EPD)

to a thickness of 850 A Step 2: Deposition of silicon
diisei nieasp@ido;;)ng o EPmy@t@maébe phttern segions Wegpsgved for erosion,

[ att the Xi de 5Step 4:
Dﬁﬁﬁﬂ'&g{@ﬁw LA Sl T AERAZS S0 o a
ghﬂg onOOOA The silicon oxide filmis

use as a stop layver in the pattern regi on. The

poI | shi ng perfor rrance of the co&glo& tions of Exan@h@&um

rgler puerrpend2isling o (8, on i he Roushness
pat t er % J@ﬂaf ef/%) is e\(EDiEatz\éd A) , e (ngax A)
| Not
Example 13 100 20 42 observed 43
Not
Example 14 150 35 N bserved 22
Example 15 60 10 24 -~ 32
p observed
Comparative 300 250 180  Observed 210
Example 4
Comparative 400 250 190  Observed 200
Example 5
Comparative 150 200 160  Observed 180
Example 6
Comparative Not
Example 7 200 46 80 observed 20
Comparative Not
Example 8 200 >0 82 observed 100

Table 4A demonstrates that the slurry compositions of Examples 13 to 15
comprising a nitrogenous compound and an oxidizing agent show much better
results in terms of erosion, EOE, dishing, residue and maximum roughness

evaluations than those of Comparative Examples 4 to &.

As apparent from the above description, the present invention provides a
CMP slurry composition for polishing a phase-change memory device and a method

for polishing a phase-change memory device using the CMP slurry composition.
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Eval uation is conducted on the patterned wafers under
t he sane polishing conditions as described in Exanple
12 except that the polishing tine is varied. After _-
over polishing (50% is perfornmed follow ng the optic
end point detection (EPD) tinme measured using an EPD
system the pattern regions are observed for erosion,
dilshishuy yareahpositighrd dlee prebent isntion carr polsshawphaser cifatigegnemory
over, Erosio

SN GBEGTF 2 0 CR) L LRI AR A REOF B SL R EL Phase-change
(i SR PR S E t
o bssimied thEompamaidewd 806250 SOGhdenives 24 9., Hiching sd4erosion) to
C_:gl%pv?ci’eaat Iilj\éﬁ-qﬁgl%%%%iligk% S?lle a{\:/e(?dZOO Bxanpl e 5 Conparative

After pattern polishing, the compositions of the invention can show better

results in terms of erosion, EQOE and dishing evaluation. In exemplary
embodiments, the resultant phase-change memory device can include a metal alloy
or a chalcogenide layer exhibiting a maximum erosion of 175 A, and/or a maximum
edge over erosion of about 150A, and/or a dishing maximum of about 100 A, and/or
a maximum roughness (Ryax) of about 150 A, for example, a maximum erosion of
150A, and/or a maximum edge over erosion of about 120A, and/or a dishing
maximum of about 80 A, and/or a maximum roughness (Ryax) of about 120 A.

Many modifications and other emquiments of the invention will come to
mind to one skilled in the art to which this invention pertains having the benefit of
the teachings presented in the foregoing descriptions. Therefore, it is to be
understood that the invention is not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are intended to be
included within the scope of the appended claims. Although specific terms are

employed herein, they are used in a generic and descriptive sense only and not for

purposes of limitation, the scope of the invention being defined in the claims.
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3502001600bser ved180 Exanpl e 6 Conpar ati veNot
200468090 Exanpl e 7observed ConparativeNot 2005082100
Exanpl e 8observed Tabl e 4A denonstrates that the
slurry conpositions of Exanples 13 to 15 10 conpri sing
a nitrogenous conpound and an oxi di zi ng agent show
much better results in terns of erosion, EOE, dishing,
r e iR @NfhefBxi mum roughness eval uati ons than those
of. " Conpar at1 ve Exanples 4 to 8. As apparent
fromthe above description, the present invention
pilovAdalETy @mmpositions fpr chemissl meshanies] prishisg €GMR) of a phase-
phase- change nennry devi ce and a met hod 15for

e
PR A RS IR BB e RS OB o

present i nvention can polish a phase-change nenory

den¢ arageneushéqhpouatl esclected faehi aeteetiawgahmlpelsubsﬁmﬁgd by an atkyl
sel ectivity between a phase-change menory nmaterial and

2 PR B ARe ! BHET (6 € sbhon defidd QBrRXT 8 plidAne Afhnpound,

nimze thé dccur Fénce processi ng

i nperfections (e.g., dishing and erosion) to 5provide
atdtiagietiglahinbyivpohydrbeide sod haek derived thedfioer, tgeethptammonium
pol i shing, the conpositions of the invention can show

bet resylts te ero ECE and di sh .
o idrioedit s Sdolit Fofinmofi BhetoyiadHoati yffbxice and o
phase- change menory device can include a netal alloy
osaladerhet clogeforde | ayer exhi biting a maxi mum er osi on
of 175 A, and/or a maxinum 10 edge over erosion of

ut 1 d/or a d]ShIn maxi um of ab

P el UG S6 2 B SIORe Ret@i. ey g 43 nsulating

for exanpl e, a maxi mnum erosi on of 150A, and/or a

- MBXeTMmEA0RaR 00, S1d0GHt PRasf clRBS naletif lay2ndb@priges at least one

di shi ng nHX|nun1of about 80 A, and/or a maxi num
roughness ( of about 120 A. _Many nodificati
aRMBR Yk S@Wﬁf@e. Set dnge. el gnV@Rte oot en oS oig GaseTe,
15mnd to one skilled in the art to which this
| BYSKUTIcR In PSS @iglﬁsﬂi‘?é’ '(GQSﬁ)QST@Q@%H(Se’FH) ahd %E@%&Bb{&s
presented in the foredoi ng descriptions. Therefore, it
is to be understood that the invention is not to be
limted to the specific enbodi nents disclosed and that
nndifications and ot her enbodi nents are intended to be
' el 4 | ive particl
thoug%ISBLC| éﬁﬁgfﬁgagg@& Bgﬁm oyegﬁﬁg?gﬁﬁéGﬁﬁmvm partieies
are used in a generic and descript|ve sense only and
nbavef am average primary particle diameter of about 1 to about 200 nm and an

average specific surface arca of about 10 to about 500 m®/g, and the abrasive
particles are present in an amount of about 0.01 to about 30% by weight, based on

the total weight of the slurry composition.
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purposes of limtation, the scope of the invention
being defined in the clains. Wat is clained is: - 1.
A slurry conposition for chem cal nmechanical polishing
(CWP) of a phase-change nmenory device, conprising

dei oni zed water; abrasive particles; and at |east one
ni trogenous conpound selected froma tertiary am ne
sybstrht Whed BmARiRIKYdcortifl 8R1SAN, AuRh&IcRRSidi®s at least one
seven carbon atons, a piperazi ne conpound,

t et r amet hyl anmoni um hydr oxi de and a salt derived

t REidEing gpent cteleated nGem ke gam Psraxigni menaprisWiates| dipersulfates,
derived therefrom and tetrapropyl ammoni um hydr oxi de
angd: a: j her i n the polishing
sg#%%??@F@?ﬂﬁgwésgﬁgggf%ﬁgﬁg%) te??al | ayer to an
insulating 10 layer is nore than 100, and the

phase- change nmaterial |ayer conprises at |east one
compound sel ected fromInSe, Sb2Te3, CGeTe, Ge2Sbh2Te5,
InSbTe, GaSeTe, SnSb2Te4, InSbGe, AglnSbTe,

(GeSn) SbTe, GeSb(SeTe) and Te81Gel5Sb2S2. 2. The
slurry conposition according to claim1, wherein the
abrasive particles 15 have an average primary particle
di aneter of about 1 to about 200 nm and an average
specific surface area of about 10 to about 500 n2/g,
and the abrasive particles are present in an anmount of
about 0.01 to about 30% by wei ght, based on the total
wei ght of the slurry conposition. 3. The slurry
conposition according to claim1, further conprising
at | east one oxidizing agent selected from hydrogen
per oxi de, nonopersul fates, dipersulfates, ionic iron
conpounds, and iron chel ate conpounds.
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