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CHEM CAL MECHANI CAL POLI SHI NG SLURRY COWPGCSI TI ON FOR
POLI SHI NG PHASE- CHANGE MEMORY DEVI CE AND METHOD FOR
POLI SHI NG PHASE- CHANGE MEMORY DEVI CE USI NG THE SAMVE
CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s
non- provi si onal application clains priority under 35
USC Section 119 from Korean Patent Application No.
10- 2007- 0065877, filed on June 29, 2007, the entire

di scl osure of which is hereby incorporated by
r eCHFéHE@ALlMMBNGﬁAﬂ-EOMéEmG@LURRY COMEQHIZION FOR

ool CUASHING ERAESE hANE R MENRR I CE ARD pgrraop For

- SenpORISMEN G'PHAR YL AN GEMENMORSS DENOCE USING THE SAME

specifically, the present invention relates to a

. slurry conposition for chem cal nechanical polishing
~(CwP) of a netal alloy or a chal cogenide included in a

h - ' df
por 1 shEROSSRRPBREREITED KENATED PR E AR o'

Wenory t he

fsI urr y%@ﬁ‘}ﬁgﬂ?@ﬁ@i@nalmm@ ity WENTZ:]WSD‘GM@H 119
BhanR Pt StEL RboBERROEE S RSB b gree 2o, 2007, the

Stdtte AfcRs@te Wi R %@%by%ﬁ?ﬂfrﬂ%%ﬁé )r&%’%n@é. ayers,

digital nultinmedia broadcasting ( receivers,

navi gati on systens and nobil e phones. In addition,

there has been. an increasi ng demand for high-capacity
menor i eBIRAAOTaFRE ANMESTISN hi gh speed and reduced

power consunption in terns of perfornmance o

char act &R§ Rieped mentgnpalates ta dsluBnverPreHan orralishiag a phase-

Ul?l?ﬂﬁgef’ Sl‘HﬁlHOIils g&%& YIE 3fi°f emci%rﬁal'lcqgrr %‘Paln fAcHUHEE %IhOCGSS. More
efTorts hav een made I n developing next-generati on
NgIeRiticaBy,t that plefidi Udeedtn AMitant@gesluaRdcdBpdsiti®@s for chemical
i nherent to dynanm c random access nenories (DRAM5),

stgehapicahpelishing€dB) olenmelad sllgsmrathalenpgnidedrtiuded in a phase-

nories. Phase-change P )., net or esi stive .
FoleBes Fiaaisty B2 e ARARERFICE SURA e AU TR device
BB e ShdfyeoomidsRiohl Y considered next-generation
menori es. a?:these, PRAMs possess the advant ages of
conventional highly integrated DRAMs, high-speed SRAMs
and non-vol atile NAND fl ash nenories, and have

‘excel | eBACKGERQUND ORI TIHE INWENSFIOEN of conpatibility

wi th conventional integration processes of

conpl enermand/ forstmicoodicter msmosiesrhaimdreasal witiCekfd)ding global
field e feft transi stors (FETs). Based on these

ABFHAAGE Slecsppifadenicss sch 23 @l raweragnerigigers, MP3 players,
al; ﬁﬁtﬁl?ﬂiln%?aalifb%d{?zfsfihg ?Dﬂﬁﬁ}&ﬁfve&(,)%gﬁ%béiéﬁ ¥y&@ms and mobile
suCcesstul comercrialiZati on. | fice a %aper
rgpaed. eth kiddifion] aherel hiselbeemngh Tncrédd3ee efn@d® Nfox) high-capacity
the International Electronic Device Meeting (IEDM in

Zoerporigschahare vlaiver gbhish pasthantored weodlonsrsApsuRR NGB derms of
G 91%51?(% %r@é%%isﬁc 2&%2(%)%‘1 F\;@é\‘/lb té Egﬁx%sﬁigng}gﬁéﬁogégn%der such

are non-vo ries
cafRalstineds, icofkiddrille def@YE sffbrkL hARAB&NCHAAE ¢n RRLVBERg next-
crystalline (low electrical resistance) and anorphous

(gengatien semparisgl thateigckide the jdyahteges andi eatwrey mbeeent to dynamic
heat i n enerated | onse. to an applied curre r
gy 2okt Riefhaiies ORAUER SR randy BPspitreniones SRRy and
oahCaaanbas e ichea! IAMSCPRANION! GREAkAHEve RAMS
phase- change materials of PRAMs. Particularly, the
ddMpaMs),i temroelectEe” RiyWe AFE¢RESW)s) adcpalymegendmexies srencwrently
bei ng i nvesti gat ed. In CVWP processes for
phase-change materials of PRAM devices that are

currently being devel oped, sificon oxide (SIQ2) is

used to form polish stop |ayers.
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20 Polishing uniformty and surface inperfections

(e.g., dishing and erosion) during polishing of

patterned wafers are greatly affected by sone

processing factors, e.g., polishing and etch rates on
phase-change materials, polishing uniformty of

silicon oxide filns and polishing selectivity between
phase- change nmaterials and silicon oxide filns. 250n

the other hand, slurries for polishing al um num

c epipidered nexgeeacratoni mentveies.n@t thesai HsMarpossess Hieyadvantages of

SR el i FR G Da P o et RBASES %6 gon-volaie

shaale fRke MRM oricd NridiS R RRSQTent BRPASATLE 5 fksis F tcﬁlgﬁﬁﬁbility

devices, they induce no phase change. Therefore,
cvithe nedroypationabt ahtegmtion i girscessasnodf b eomplethchtary PRAdE]-oxide-

crapsaniseee £ O bl i satiy GiToha e Po S5t adypnages,

OFRAN ﬁ‘agfeaag?%tt\%i Ig{}rﬁ%?g ql?&r)é %tter?(llbglh&%gfsé 0?21?_31‘ %lsarteezsst pgsaslj]bi;ity of

addi ti ves, or poli1shing net

bauccedsfid ceminecocipliniicde 5 ef fective polishing on netal

| ayers at desired polishing rates while mnim zing

sur f aceSingper papet irepested dof Bciai, (Inwhrasi Bnloengy (Ovonyx) at the

Cl5%pa0imaL HicsHoRe Petiopiodmerdy ool HI icaehig® stwaieh and

B T S b AR, P s

| RkdIs 40 ohiotatiteo meatities fiak usemalerihzyapsble onindaeidg afreeersible

single el enent, such as cogpper (Cu) or tungsten (W, )
| BYASE Shamecbeween ﬁaﬁbﬂélmf?e%w;ﬁl%fgwé aesistangsd ape |amomplpus (high

Elgctﬁemgﬁﬁg?%ﬁrgﬁ?s\sé? ﬁlg% %ﬁ%ieeﬁéalﬁb% Ig%%%?fe& gﬁe Feg]‘%&{se to an applied

a

particul ar e as su i um

( Sajyent gevoTRIRE fonwiGeJataant i mony (Sb), tellurium(Te),

silver (Ag), indium(ln), tin (Sn), gallium (&), and

t he | i kiBletal allayspetcial@genidtd arctoarngndle ngel @& rkpresentative phase-

raégrsible‘ hase chan%glbetmeen crystalline and

a ﬁ%‘t?éeftﬂri%\@ SRA, cRartigilarky £he cpwppsitipe 91 Sfexbd - (GST), a

i,al.g.t js re different fromthose of

g@%@%ﬁ?&%ﬁé?nﬁ%ﬁ%ﬁbhgggﬁgﬁﬁ'erials, there exists a

strong peef gr&%’s@é P ﬁl@é?—lch ol MM HPORM H]es that are
I deal slurry tonpositions for polishing phase-change
nerentlgl teingf dplebped, dliCn chida®iOre iusedsto(BRAND)ish stop layers.

sEouId nmeet. the follow ng requirenents: i) the i )
pholtsbing upfamity; ad sariacaimpeections Hed- ishipg lend ireesien) during
j tes: i) .t al i shi lectivity betwee

ol & altles sDieR it BEbafS P bl MLUSER, s, e
hp@Rhinigi dn}l éls Rite0on BHhASIBRngePRAlAIR, ﬁanswgg' b ity of silicon
inperfection;méf.g., scratches, defects an

co¥ifo dilom)jand arndishing selegtvityrbetwease phiasd-ohangd ;matedals wnd silicon

t@gre ﬁ%St be no change in 25the conposition and phase

of é?g it s constituting the surface of the

phase- ¢ rials after | 1shing. . SUVVARY

e Twekrorie fad Bl 8RRl Pt G, dageten and
Shthér MeaD RS iatd BRidl P empRBRY 62 keliRShdRISAhaRehétGRhH Grocesses.
(CwP) of a phase-change nmenory device that can polish

aSippa dese etal dayas roatprial e wie eoraposad Inif ghsingle eelerent, unlike phase-

AR Bl RE AN el ke pir Pih® cPofhe Tpggetore, e

(e.g., asilicon oxide filnm, and can mnim ze the
occurrence of processing inperfections (e.g., dishing
and erosion) to provide a high-quality polished
surface; and a nmethod for poljshing a phase-change
menory device using the CW s?urry conposi tion.
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The present invention further provides a slurry
conposition for chem cal 10 nechani cal polishing of a
phase- change nenory device that can cause

substantially no change in the conposition or phase of

a phase-change material before and after polishing,

can mnimze the occurrence of surface inperfections

(e.g., scratches, defects, corrosion and polishing
residues) to provide a clean polished surface, and

i nenwdtienal omalat asitesalp aaninat bs used pfoe VR M kieviser fand ecause a

rom bei cqont am nat ed by abrasi ve
p5@?#%%@§Lﬂ%ﬁﬂc%qﬁ€$%SémFGF“SHF1shlng a phase- change
menory ?FV|C u5|

I n accordBnte &ith Sngme?f p%fc‘flm 6)1’“ %g’iteﬁ’f’ %fbrasive, and other

| QY ddotivel e CRIP §1ui¥y0féi‘ 8!?31@11% h'}éfd‘l me& rﬂaﬁ $etthi®fted &S provide
chemi cal mechani cal pol i shi ng a phase-change

n@ffmty/edthbelgv\m ahetclolqmrss&‘sdch@ed npcﬂsthmg/altams whidle imiommizing
and 20.whi ch does i ncl ud
glgqrmegﬂorga ¢ polishing

. ﬂ%wqﬁamae Qlsed &@gﬁw@ eorﬁfo%dwh@mg esefeeﬁwHé@td Bth@r thin-film
CWP process, such"as but-not limted adj usting

- agrfdriaks sailsaustaetinh) eitanivmaitrioleg tm&ﬂmhetanmltqmsmmlde,nomdes and

dﬁ§§ not include abrasive particles. The
p @Bchange nenory devi ce can include a netal all oy

Sevt oo ual %ﬁgﬂ%{?ﬁ&gﬁﬁl izl oy el g At ofch a5

S R A P AP REE Py et

Tamn @ip@mdvanced matenaiﬁl’ bensistia of paiticolar elcmemsnmchan sulfur

be, et al or a conpound containi % iron in it

o e St (SRl e (00, THERE (S, (4GB Her (Ag)
c de I
CERLRRI G150k Rlonl 198, SAERRUIES £ GOSHF foro o
t teeesible rp,ha@eo Rhasdet betveoh dri@alliny efid emoiphoas phadniSince the
of about 0.01 to about 10% by wei based on the
Cctciitight ofofihe HBsiETidle i dermpeihédonte FRGerghbrtiqn those of

h b
CBIPERLH SR OR Rl bt B LB B9 4elly nov

phbladingsdoni@si@igaant . 10The pH- adj usting agent can

include at | east one acid selected fromnitric acid,
phospholdieal saird,cogipokitibhe f@&chslishingdpiasblchirige @metetlals affdphase-
organi ¢ carboxylic acids having a pKa of 6 or |ess.

| $hagee Hraraics (%RAIM%) ribohldr mgefghe oligwing éewlmmts i) the phase—

there. i vided a pethod f.o lis
B g s G BEYASS0BoFR oA ik BERLSD, 8 oo
cefaasity befveen the ?haﬁekﬁﬁﬁg% RARAAE JHB FBIi¥h H8Y 'lfﬁ%rsclﬁﬁst% high;
fabricated by applying an insulating material to a

slelbnddﬂhmg,l (ﬁmﬁom\ﬂmtcmt ru)nﬁmnfnrmliyl, ieperéictings (@g.escratches, defects
ar|21n ulatl terning th
%’Foswgg s otk gtst be %fﬁﬁ% g ‘Z)‘E JaustRggehamee in

%&%5 bsitiGn bHE pRAE!ARY n't@édﬂ (A8 th f

phasein? gr%ge rra eri al "Fbg‘se S Hl gt ‘ﬂé{&%\/%%fﬂ%éﬂa%e ~change

coateasls aiftenpadshinge br ought |nto contact with the

phase- change material |ayer to polish the phase-change

material layer until the insulating |ayer is exposed.

The phase-change material |ayer can be polished by

appl ying the COWP slurry conposition to a rotating
pol i shing pad and bringing the polishing pad into
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25contact with the phase-change material |ayer under
predeterm ned pressure conditions to polish portions
of the phase-change nmaterial |ayer by a frictiona
force. In yet anot her aspect of the present
invention, there is provided a phase-change nenory
devi ce polished by the polishing nmethod. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The present

i nvention now will be described nore fully hereinafter
in the FUMMARNOHSEHE ISYENEION ption of the
invention, in which sone, but not all enbodi nents of

t he i nvEhe i paseat einderizn lqudyiden deedyrry higmpasitent jfon chemical

BtonBia ARG (R TihA Brsehifke mEgturRar Srbsen polish o
F phidsB-chRHR! Hembd fi8kioe étfhe.ﬁfg?erw@&mqafe%gl E{)ggqiﬁge geltlectivity

so that this disclosure w satisfy applica ega
r bejwicere mepitase-change memoryTinetepinlesmht gobivke stopolaygr (v.dessilicon

CTHIbAI BN G BURRERE e 2opRALES AR HRkIRpeeyios (e5. -

g . ani.zed: i - e
WA SARELISH, AHELA0 RN Al SROBE B LSt o
| palishihgs ghasetlainga blemyorg device ading dregeMiPddurascanposition.
phase- change material that undergoes _a reversible .
phase chishBesutineanor yehen proxglca aclumn coRpoNtiph fereghemical
S Hi t abl - ri WA
RT3 Bl L A RESR RS IRURE Bk S Sy

tao cldngary ﬂ&omgmdﬁm GUYsHas@sf h phese-Bardemattiil G668 and after
ternary conpounds, such as Ge2Sb2Te5, 1nShTe, GaSeTe,
hing4 camanipingpedhe aaeirepnae of rarfice inpotastions éagh serptches,

InNSbTe (GeSn),ShTe,. GeSh( SeT and, Tes, Ge: h2S2.
RO BregbioR B Bl Shine ST piMieT Flseh peRit Girfuce, and
Ciablua¥d GloZ BborabiQe 2hredlEd a6 CpreddRT thef sirhRe PORSEWRRANEBm being
material to an oxide or ions to facilitate the renoval

ofontdmeingted fyc ebriasiye rpastivdes; Landt 4 onethed fon pblishmgy apphassichange
portions of the phase-change material within a pattern
ragreR %ﬁf“ielu_sglgﬁg?%ﬁp §]PB'§_%PESP8F“‘?%. g., a silicon

oxi de fl zmz?ﬂd DS Be b Bf é%téﬁﬁt &UEﬁtﬂ)‘ﬁe ther? is %'ovided a
roughness of the pattern.” I'n addi‘tion, the use of the

i shomy @pmippgition dop ohkmlical mebhai¢al tpalighih  OMPID VAl pHase-change

resi dues of the phase- 2 5change nmaterial present in
tRETRR fetrestlyph Femerses drionitsy vettesm i as g iivs; cogmeund, and
R%i'ci? Bb&Ghot include a;mfsi\lfer n[%[}tigl% LR CWBQH‘Q%O{E%?siBSn can include
netal 1ron or a conpound containingiron’in ris
rmh@%ﬁb@rssiﬁ% fids tsUitgble Tdteusk i@ A CNIPiprédss; QUEIDATBUtIRY limited to a

al so be conbined with one or nore other iron .
dhpdivaiéng agent as discussed here, so long as the composition does not include
abrasive particles.

The phase-change memory device can include a metal alloy or a

chalcogenide.

The phase-change memory device can include at least one compound
selected from InSe, SbyTe;, GeTe, GesShoTes, InSbTe, GaSeTe, SnSb;Tey, InSbGe,
AgInSbTe, (GeSn)SbTe, GeSb(SeTe) and Teg; GeysSb,S;.
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- pHEERHN e AP efagbont Pl abe

As the iron conmpound, there nmay be nentioned, for

exanpl e, an ionic iron conpound or an iron chel ate
compound. The use of the ionic iron conpound or iron
chel at e conpound can be advantageous in that the

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

5The iron or iron conpound may be present in the

slurry conposition of the invention in an anount of

about 0.01 to about 10% by wei ght, for exanpl e about

0. 05 t oThbawn G%dwy compahd, caante mstadnwpher a exapplel containing

about 9.1 [o ﬁbout 2% by wei ght, based on the total

wEPY Ht BHPOHE A PN e onposi ti on.  An anpunt of ‘the

iron or- i ] within these ranges can be .
userul ¢ e F IR Bk RS BOFEE oround or an iron
phiesfe chapaamdmat eri al . The pH of the slurry
conposition can be adjusted to about 2 to about 10,

for exaiii adoabetitonZotipoahd uin Be preehtads tlengdthre compasinbe of the
about 2 to about 5. The slurry cggyosition of the

P%ebyawsighschased paghe total

a j ust of the slurry conposition to
tﬁg géggégggéﬁgﬁﬂggggéi The pH 15 adjusting agent

i, phaCoRay chRBRAO Cuf I SRS TR G, ¢

aci d, oTh@EMMP§EAYcEmBBHROK YA Rrt&l kst ADHRadaif aglnt.
or less, as well as conbination thereof. The

pr esent Thé) pHRAdjeting| SentPéRVindRde &t MRENoae held RRciedidif nitric
a phase-change nenory device using the CVP slurry o
c#ibadiosplmic ), suldienptids ydsodhbationanid, aindforganic parbexsiic acids
i Vv Etiog.oﬁg%) Qase-change menory device can be

f AR APR4 y 5gﬁﬁying an insulating material to a

sem congu el 4.0 ' lati y . ‘ .
pl anar i gll %&{rﬁ%ﬁ%n{}s&%‘tﬁaﬁoﬁfé@ a glr:ﬂ,q%gat? %eﬁlglséﬁlg ?‘%‘éﬂuon’ there is
ph@widded i N aietialdi fig Jodivking 2 PEhsaRBhydeNfhemoP A8 Gice Rd@ethe CMP
material to the patterned insulating layer to forma
pﬁH@ﬁﬁ@ﬁﬁﬁﬁbmhaterial lL.ayer; and the CWP slurry 25
conposi i on _can be brought .intg .contact wth the . .
hace: change fnds mitR dkncd b G RbRG rEbY At era ipwiatin
NRagkaRko laay&hichidictort Wafel N8 UWodhi A0 th¥fing! Ry8X Hﬁé{?a?iﬁing the
e

In exenpl ary enbodi ments of the present invention,
pinagletivh lyge patitreingahe phaper insalatitgelayet, iashepplying a phase-change
app] yi he CMP sl urry conposition to a rotating. ]
BRietal dghe eteiner ehting BOPHE aRistieng chhet il Loyer; and
CaRt@gip Wk ¢ Cedal b dfase-
predeterm Ir’1rgd ngpggls%%rﬁecagloﬁ% ?ﬁugﬁ?hﬁé c%'gﬁc?ﬁﬁ%ho'}iﬁ nas'? e-change
omatefiel gerste-mhiah ge: pldserchalgel mytefialdyya dntil ¢lid dwalkating layer is
force., K The pressure conditions can include those that
aP@ofheral |y permissible in CVMP applications.

The present.invention als rovi des a phase-change
menory. i PRESCEHAREs Meleriy 14452 SaBIbes ARG eRephBRPIYing the CMP

i"%ﬁﬁ% P Sgitimltt I%@.a%?a%iﬁg o'liE‘ﬁﬁﬁE&)%@{%H&gﬂ#glg%&é?oﬁisﬁﬁg pad into

re detall with reference
eowmitgk ewith Hiwe \phiase-thage exeppl dayar engé @hededdrntif@l pressure
purpose of illustration only and are not to be

cemsitione ép plishinertionspftharhaseplange materigl fapen by gdrictional force.

Further, the fgllown anpl es are provided to
i |1 ust rBt ¥t s fé?RFC%REﬁ?OPFﬁ%é%V@P pn,fhgrealsi BIPKiged, @ phase-

P 5 ' E%@MP . tion of
p%%?g%ﬁlﬁgﬁg}fed%ﬁgﬁ%?h% er s]plo E%fg ﬁ@é}g&l- 2 and

Conpar ative Exanples 1-4> 15, Slurries having the
conpositions indicated in Table 1 are prepared using
dei oni zed wat er contai ning no_abrasive particles. The
ki nd and content of oxidizingsagents used are varied
in the slurry conpositions. Nitric acid is used to
adjust the final pH of all slurry conpositions to 3.5.
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TABLE 1 Exanple No. Kind of oxidizing agent Content of
oxi di zing agent (% pH Exanple 1 Exanple 2 Conparative
Exanpl e 1 Conparative Exanple 2 Conparative Exanple 3
Conpar ati ve Exanple 4 Propyl enedi am ne tetraacetic

aci d- Fe FeCl3 H202 11202 Ammoni um persulfate 0.2 0.2 0

DETAILED DESCRIPTION OF THE INVENTION

The present invention now will be described more fully hereinafter in the
following detailed description of the invention, in which some, but not all
embodiments of the invention are described. Indeed, this invention may be
gmbodied in many different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are provided so that this ‘
disclosure will saﬁsfy applicable 1egai requirements. | _

The present invention provides a chemical mechanical polishing {(CMP)
slurry composition for polishing a phase-change memory device which comprises
deionized water and iron or an iron compound.

The phase-change memory device typically includes a metal alloy or a
chalcogenide as a phase-change material that undergoes a reversible phase change

between crystalline and amorphous phases.

Examples of suitable phase-change materials for use in the present
invention include, but are not limited to: binary compounds, such as InSe, Sb;Te;
and GeTe; terary compounds, such as Ge;Sb;Tes, InSbTe, GaSeTe, SnSb,Tes and
InSbGe; and quaternary compounds, such as AgInSbTe, (GeSn)SbTe, GeSb(ScTe)
and Teg;Ge5Sh,S,.

The iron or iron compound is an oxidizing agent that can oxidize the

surface layer of the phase-change material to an oxide or ions to facilitate the

removal of the surface layer and functions to uniformly 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 iron or iron compound can facilitate the removal of residues of the phase-
change material present in the polish stop layer, thereby enabling more uniform
polishing.

The iron or iron compound may be metal iron or a compound containing
iron in its molecular structure. The iron or iron compound may also be combined |

with one or more other iron compounds.



10

15

20

25

0.51.01.0 3.53.53.53.53.53.5 20 After

each of the slurry conpositions is used to polish a

bl anket wafer deposited with a phase-change nateri al

under the follow ng polishing conditions, the

pol i shing performance of the slurry conposition on the
phase-change material is evaluated. The results are

shown in Table 2. As the phase-change

mat erial, Ge2Sb2Te5 (GST), whose conposition is

ger mani dh t(lGe’pn camppwsh )the(er)ay teghnirdnadn O eyanfpsle.2ansippic iron

is used., The . han erla s.deposited on
¢ RRBP R o\ ERE A B SHRn Dt BRF QIR IS g £GPt or iron

a cﬁel@t@ocoﬁ’iﬁo‘ﬁhg Koah @éeédvaﬁaé&lg 08 hat fhe %agggl%%e $hitkGA can be
oxide filmis used as a polish stop layer, and an
I@mﬁﬂ@ﬁﬁubhqﬁwm@NP pad (Rodel Corp.) is used as a
pol i shing pad. The phase-change material |ayer is
pol i shedhagiongr dropgompoennd mh@qucShbm ttlﬁa}mﬁ/a@nmoemon of the

1 ERE S BpGboGteat B ) oSS P SRRy Bcariplé abouc

S P&30to0iholi®Bos IBE‘ REgh aﬁ@'afsl%tlﬁa?%%gmgfe A oPmyf %out 2% by

one mnute. TABLE 2 Exanple No. Polishing rate on

( werght,) baded bs hlilm@talhmiﬁfttd rthe sluoy d@niposilmlongAnalmount of the iron
. : 0

ot El‘glrl Toﬁ%o&n@ w%ﬂin%gse 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 combination 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 sturry composition to a rotating
polishing pad and bringing the polishing pad into contact with the phase-change
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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 -
reference to the followi_hg 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.

EXAMPLES
[Evaluation of polishing of blanket wafers]
<Examples 1-2 and Comparative Examples 1-4>

.Slurries having the compositions indicated in Table 1 are prepared using
deionized water containing no abrasive particles. The kind and content of oxidizing
agents used are varied in the slurry compositions. Nitric acid is used to adjust the

final pH of all slurry compositions to 3.5.

TABLE 1

Example No. Kind of oxidizing agent oxi diczjﬁlngte;l;;i %) pH
Example 1 Propylenediamine tetraacetic acid-Fe 0.2 35
Example 2 FeCl, 0.2 3.5
Comparative Example 1 - 0 3.5
Comparative Example 2 H,0, 0.5 3.5
Comparative Example 3 H,0, 1.0 3.5
Comparative Example 4 Ammonium persulfate 1.0 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,
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the polishing performance of the slurry composition on the phase-change material is

cvaluated. The results are shown in Table 2.

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 2
Polishing Characteristics Wet etch rate
Exampte No.  Polishing rate Polishing rate  Polishing selectivity Polishing non- (A/glsr,‘g on
on GST (A/min) on SiQ, (A/min) (GST:510y) uniformity (%) on GST
Example 1 1,230 16 76.8 11 5
Example 2 - 1,312 15 875 - 12 8
Comparative
Examnple | 20 5 7 4 20 0
Comparative 510 8 63.7 34 60
Example 2
Comparative 590 9 65.6 39 85
Example 3
Comparative 910 12 75.8 18 100
Example 4

As can be seen from Table 2, the slurry compositions of Examples 1 and 2
using a small amount of the corresponding iron compound as an oxidizing agent
show high polishing rates on the GST layer and greatly increased selectivities in
polishing rate between the GST layer and the silicon oxide film in comparison with
the slurry compositions of Comparative Examples 1 to 4. In addition, the shurry
compositions of Examples 1 and 2 show lower polishing non-uniformities on the

GST layer than the slurry compositions of Comparative Examples 1 to 4.
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[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 silicon dioxide (Si0,) to a thickness of 1,500 A
Step 3: Formation of pattern on the oxide film

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

10
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To actually evaluate the polishing performance of the
slurry conpositions on sem conductor patterns,

patterned wafers are constructed by the foll ow ng
procedure: Step 1: Deposition of silicon nitride (SiN

to a thickness of 850 A 25Step 2: Deposition of

silicon dioxide (Si02) to a thickness of 1,500 A Step

3: Formation of pattern on the oxide film Step 4:
Deposition of phase-change material (Ge2Sb2Te5) to a

t hi cknedhe silicon @@BleAflilm is used Fhe skipl lageminothiedettein ragicn. The

MR R —

1randplés 20614 CRTRASAE WaraRl 8ahdud© 4 on the

patterned wafers is evaluated. Evaluation is conducted

on the Pailifionead OBl SNERS pdtRencdanEeROkdEN HeGsame polishing
conditions as described in Exanple 1 except that the
penditiang @ wesrsibied iy Example laexaspt tuethepolisling tige(is09gied. After

s. perf.or.ne l. o t he tic end point. detectign
(BeRPTEE R0 S drieg "B its S5l eipStedin @EPD)
I 8fhle A& ae8 L@Hx%eJnVEIijs%teﬁﬂ R ﬁﬂte_rﬁ‘ k%?br{bgarérb@served for erosion,
roughness. The results are shown in Table 3. TABLE 3

Estisiip endionugknessi Bie e#)ltskale shooxren Fabbs3.on ( ECE, A)
D;rirﬂLrL:gs(A) Resi dues Maxi mum Roughness

Erosion Edge over Erosion Dishing Maximum Roughness

E le No. i
wample o4 (EOE, A) (&) ~ Residues (Rawes A)
- Example 1 200 46 80 Not observed 90
Example 2 200 50 82 Not observed 100
Comparative : . '
Example 2 300 250 180 Observed 210
Comparative
Example 3 400 250 190 Observed 200
Cgmparat“’e 350 200 160 Observed 180
xample 4

Table 3 demonstrates that the slurry compositions of Examples 1 and 2
comprising an iron compound show much better results in terms of erosion, EOE,
dishing, residue and maximum roughness evaluations than those of Comparative

Examples 2 to 4.

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.
The slurry composition of the present invention can polish a phase-change memory
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 lower

the wet etch rate (WER) on a phase-change memory material to minimize the

11
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(Amax, A) Exanple 1 Exanple 2 Conparative Exanple 2
Conparative Exanple 3 Conparative Exanple 4 200 200
300 400 350 46 50 250 250 200 80

occurrence  of processing imperfections (é. g., dishing and erosion), thereby
providing a high-quality polished surface.

Many modifications and other embodiments 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.

12
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82 180 190 160 Not observed Not observed Cbserved
bserved Qobserved 90 100 210 200 180 10 Tabl e
3 denonstrates that the slurry conpositions of
Exanples 1 and 2 conprising an iron conpound show nuch
better results in ternms of erosion, ECE, dishing,

resi due and nmaxi mum r oughness eval uati ons than those
of Conparative Exanples 2 to 4. 15As apparent fromthe
above description, the present invention provides a
CWVP sl uWHAJoHpOEAIMIEDAST pol i shing a phase- change
menory device and a nmethod for polishing a

phase- change nenory device using the CWP slurry

conposi tiop. The slurry c sit.ign of the, present

Cvent i on Saiupd cPerbiter S Rmid dnfoaiilS BUFREE (GMB) of &
hpBdyelcBbye aRMA¢NSKR M gﬁb@ﬁédn%@'dfgaﬁﬁéiesgia‘ﬁﬁdléé, _comprising
bet ween a phase-change 20menory material and a polish

s tleipnized wratef end iron @r gh lijopeempeiad Whdrein thasidrg anmpositen does

- not include abrasive particles.

2. The slurry composition according to claim 1, wherein the phase-change

memory device comprises a metal alloy or a chalcogenide.

3. The slurry composition according to claim 2, wherein the phase-change
memory device comprises at least one compound selected from InSe, SbyTe;, GeTe,
GexSbyTes, InSbTe, GaSeTe, SuSbyTes, InSbGe, AgInSbTe, (GeSn)SbTe,
GeSb(SeTe) or Teg;Ge5SbaSs.

4. The slurry composition according to claim 1, wherein the iron or iron
compound comprises metal iron or a compound containing iron in its molecular

structure.

5. The slurry composition according to claim 1, wherein the iron or iron

compound comprises an ionic iron compound or an iron chelate compound.

6. The slurry composition according to claim 1, wherein the iron or iron
compound is present in an amount of about 0.01 to about 10% by weight, based on

the total weight of the slurry composition.

7. The slurry composition according to claim 1, wherein the slurry

composition has a pH of about 2 to about 10.

13
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this invention pertains having the benefit of 5 the

teachi ngs presented in the foregoi ng descriptions.
Therefore, it is to be understood that the invention
is-not to be limted to_ the specific enbodi nents |
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B RuREGE o, Bialiar GO, Rl WS biikaol 6 or less, or a
C OSRBARGon MRRLeI N the slurry conposition does not

i ncl ude abrasive particles. 2. The slurry

conposition according to claim1, wherein the
phase- change nmenory device conprises a netal alloy or
a chal cogem drthod for polishing a phase-changd henfryiideyice comprising a
conposi tion_according to claim2, wherein the
layge ibreyeig dbe qeethedepinpasesagontachisg sgidephase-change

pRERsE.-
AR B bl AP S RETER TS 5 3RRB Eposiion
( Espoisthd Geiofig@Plvarl &ld Ron SLA {r6d oRBSERd 4. The

slurry conposition according to claim 1, wherein the

iron or iron conmpound conprises netal iron or a

conmpound. containing iraon in it.s | ecul.ar, structure.

505" Thbl-o i Artisiasoarine fr il BiTD b BhaF-prange memory
A& R thbi§oatd: 148 hnCANAMMPIMGRIBT 58 SerfflonRIMST wafer t
iroﬁ conpoundcgyygﬁpyﬁgnnbhelate %bnpound. © water o
6forifihen shadatinge baypn splénavizirge tor disobpting layai pattemning the planar
wher ei.n ;he irgn or .iron _conpound is present in an

avsHAtingfavsh AN appdving ¢ Rhsserchanss, Byteliah Ynihe nefemgd gpsulating

2 ' ) Y e
2RS4 B o Rl SARSAUEIS SATRESCA sy composion
vhetghtintoh@ndctitvith tieopesicharpR masridl 1k & pelduhe ghdse-change
about 10. ) 8. The slurry conposition

awatsrigl lagenwntit thei insulatingalpyerds cepmpdi si ng a

pH adj usti ng agent. 59. The slurry conposition

according to claim@8, wherein the pH adjusting agent
conpris | egst, one acid selecited fromnitric,acid, .
hob bhols.c he MR ARG GTam bl arbseringhs Bhasergange taterial
OB PANE PofHABEhhifc ' i ifig Polishh d
) ag%ﬂb ?% ig ieo(r%/t hg%@h@%hﬁp\éhﬂ% SriRitRh 18 a¥btalifs PoliHing pa
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.
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1010. A nethod for polishing a phase-change nenory
devi ce conprising a phase change | ayer, wherein the
nmet hod conprises contacting said phase-change nmateri a
| ayer in the absence of abrasive particles with a CWP
slurry conposition conprising deionized water and iron
or an iron conpound. 1511. The nethod according to

cl ai m 10, wherein the phase-change nmenory device is
fabricated by applying an insulating material to a
seni condBdic t/o phasefcbrngeombmory devicanpoelishtd by thayethod according to
pl anarizing the insulating |ayer, patterning the
pF%HﬁﬁOinsulating | ayer, and applyi ng a phase-change
material to the patterned insulating |ayer to forma
phase-change material |ayer; and the CWP slurry
conposition is 20 brought into contact with the
phase-change naterial |ayer to polish the phase-change
material layer until the insulating |layer is exposed.
12. The nmethod according to claim1l, wherein the
phase-change material .| ayer is poli:shed by applying -
the CMP slurry conposition to a rotating polishing pad
25 and bringing the polishing pad into contact with

t he phase-change material |ayer under predeterm ned
pressure conditions to polish portions of the
phase-change naterial |ayer by a frictional force.

13. A phase-change nenory devi ce polished by the

nmet hod according to claim 10.
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