- 1 - COWCSI TI ONS AND METHODS FOR CHEM CAL- MECHANI CAL POLI SHI NG OF
PHASE CHANGE MATERI ALS FI ELD OF THE | NVENTI ON [ 0001] Thi s i nvention
relates to polishing conpositions and nethods for polishing a
substrate using the same. Mire particularly, this invention rel ates
to chem cal - mechani cal polishing conpositions suitable for polishing
substrates conprising a phase change material, such as a
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[0003] Compositions and methods for chemical-mechanical polishing (CMP) the surface of
a substrate are well known in the art. Polishing compositions (also known as polishing slurries,
CMP slurries, and CMP compositions) for polishing metal-containing surfaces of
semiconductor substrates (e.g., integrated cireuits) typically contain abrasives, various additive
compounds, and the like, and frequently are used in combination with an oxidizing agent.
[0004] In conventional CMP techniques, a substrate carrier (polishing head) is mounted on
a carrier assembly and positioned in contact with a polishing pad in a CMP apparatus. The
carrier assembly provides a controllable pressure ("down force" or "down pressure") to urge the
substrate against the polishing pad. The pad and carrier, with its attached substrate, are moved

relative to one another. The relative movement of the pad and substrate serves to abrade the



- 2 - surface of the substrate to renove a portion of the materi al
fromthe substrate surface, thereby polishing the substrate, The
polishing of the substrate surface typically is further aided and
controlled by the chem cal activity of the polishing conposition
(e.g., due to oxidizing agents, chelating agents, corrosion
inhibitors, acids, and the |ike present in the CMP conposition)
and/ or the nechanical activity of an ab&asive suspended in the
pol i shing conposition. Typical abrasive“materials include, for
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BRI EF SUMVARY OF THE | NVENTI ON [ 0009] The present invention provides a
chem cal - mechani cal polishing conposition suitable for polishing a
substrate containing a phase change material. The CMP conposition
conprises a particul ate abrasive material in conbination with |ysine,
an optional oxidizing agent, and an aqueous carrier therefor. The
abrasive material preferably is present at a concentration of not
more than about 6 percent by weight. The lysine is believed to act as
a PCM oxi dation inhibitor, which reduces the undesirable bui | d-up of
an oxide |; 0 t 100 01The present invention
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BRIEF SUMMARY OF THE INVENTION
[0009] The present invention provides a chemical-mechanical polishing composition
suitable for polishing a substrate containing a phase change material. The CMP composition
comprises a particulate abrasive material in combination with [ysine, an optional oxidizing
agent, and an aqueous carrier therefor. The abrasive material preferably is present at a
concentration of not more than about 6 percent by weight. The lysine is believed to act as a
PCM oxidation inhibitor, which reduces the undesirable build-up of an oxide layer on the
surface of the PCM.
[0010] The present invention also provides a method of polishing a surface of a PCM
substrate with a CMP composition of the invention. A preferred method comprises the steps
of contacting a surface of a PCM-containing substrate with a polishing pad and an aqueous
CMP composition of the invention, and causing relative motion between the polishing pad and
the substrate, while maintaining a portion of the CMP composition in contact with the surface

between the pad and the substrate. The relative motion is maintained for a period of time

sufficient to abrade at least a portion of the PCM from the substrate.



contai ning a phase change material in the presence of an oxidi zing
agent. The CWMP conpositions of the invention provide for even renoval
of PCVMs whil e reducing the | evel of PCM oxide build-up on the surface
of the substrate relative to conventional CMP conpositions. The CWVP
conpositions of the invention contain a particul ate abrasive materi al
and lysine in an aqueous carrier such as water (e.g., deionized
water). In sonme enbodi nents, the conposjtions include a chelating
agent that is capable of chelating a PéM or a conponent t hereof

(e.g., germanium indiu i Ly eci es) present
in the substrate being g%$ﬁ§%%§3§¥“ﬁigggﬁé%§#fﬂﬂ%&ﬁ%@ﬁg a substance
formed freomt he FRGM shokvis AT afdd @vd@kd Sdndud Go PERRAS Plok Bf Pectroakendi¥al dafrbsich
pr oduct f?rggg &%o the PCM . .In other enbodi nents, the conp05|t|oR
al so conpff reda 18ic9RAg Wd@a?taqumm%fwwewaeo ok BREFSPERY SRl
in the CMRifQAP@SIUL i 9&%erﬁfbyt\ﬂl%l/ilgﬂycﬁ8§én%rdxm€|aUQEH%’ﬂ){b(ﬁJ@'3 %hi{a‘é‘red to
material suitable for use in sem conduct or materi al

Non- | i mi €PTiRpie s Elsclemrodein eomfast with arsiapeousapBfipaFadingg a'efet 3ippicen by
( e. g , Wé?gqt ﬁhllohﬁ%cﬁrmé %Qucf(? IetQExq v@léﬂt ﬁ?&r%e?l é}é%ﬂ%at 5 #}f{%rf'a@eut 3.

ceria, zirconia, or a conbination of two of the foregoing

abr asi ved0013hi cf1@rZshaet Tafehplats dfielecmechanieab@$T corastcarabtanaden dlperssitde
abr asi ve UZe pha- al um na.
The abragffﬁpﬁggéfﬁgbk% &%?ég%bﬁﬁizgres a§hk&& ggH%%S|t|on in an
anount of not nDre thaDEabHUH)GﬁﬁéﬁﬁEhKanFﬂéﬂ@ﬂﬁVEN?EﬂerabIy, t he
22;2::&/?&@% r : ﬁlh rees rngﬁnsvgxﬂt nI B vnQ 3 a%f\gg fom ggl £ Onfélla%)é a%lésr}]\{ngbaysubstrate
wei ght, oodtanipg efphﬁsahhgmgb lmatdml rnahgﬁremﬁacadifmntoxﬂhﬂﬂg dgenabthetCNAP per cent

by melght nost erably in the.range of 0. to abou

per cent BYPRTIGAY of tbh s apieagToddiar Frearege el oS CMindile edbrge uslerhor
mean par Picet 6xidd Beldiup dnhBe suirfageobthe alotiite 5e1mwc@bauton213av[mbmwsn@ns
pr ef er abl Ebout 50 nmtao about 150 nm as deter ned bY ser l.i ght
scatteri rTé B@rﬁﬁ“&ﬂﬁé‘&onﬁlﬂﬂfﬂéﬁw‘“&?\é‘oﬁéﬁ"}‘alk ﬁ@@\ﬁlc}“ﬁ‘eta gSiyF a e[”@@%‘] THee man

abr asi ve .gleshd @llief siich a8 WaRL L dddithitdaev4 KRR Snbb@MentiRh&compositions
specifically in the aqueous conponent of the CMP conposition. v%en

the abr adlclgepshalgiigagenidhat is sapebleRFehelsripns PEMT 2 compontsy derspé(e.g-

pr ef er ablymiafiualddRid ahliMos) A& tellent s%ems) eRkdRifthe 5@fs84e bEng tpbeshed
suspensi on of abrasi ve particles in the urd carrier. "Coll
stabilityr ca:peblep%cfteenﬂmswﬁtaﬁeefﬁ’arneiefr@fl thehP Msiugpemp@whm&mﬁ@sa(eg an
sel ected t this
i nventi oﬁ}?i(amc)(B r{r?cglscf {?gﬁ ?&é\ﬁ(}:’ﬁrﬁ}g %&eﬂryfg ?OI 3&1 P}E/mgttgﬁ %%\};\ﬁfe&l{)\ t he
abraS|vecmsmptaaedumﬂmeaaﬂnoo mL graduated cyl i nder and aIIomed to
stand wi a

i 11 er ontT a2ah BhRAukRe BB ERe Evel L ByioRRhe o Rh etk iy
of the grladusat mdeng&lsum& fo¢ [lB]lmGME efwmlqﬁndg:tdrml_a)teraam Ndrelimiting examples
concentra pa rtic . i r
(7 T BhrRR BB oD W ERE g Pligh 8RR SHh R SRR
parti cl esitania, ¢die, Aakeoais) ore commspmsmt oﬁm/o(o& ﬁjore asfth‘efom@oofg agtamy)es ividhess

-t ¥ ?F%w%ﬁgﬁﬁaﬁw i reefed i Pbrdedridaved geARg ¥Rt stip, fumed

pr ef er abkyicd, §nd 8pke- &mamaorrheqm&wé Ma@hslprefOrably if HO3H]} Dehdtarhpgiting émirs
suitable for use in the nposi tions an met hods of .t he
d

t
i nvent i oAMPHY CHEY Make fh%a?owtﬁrﬁefcgwﬁ‘anwel%w BEEH peboRirerse TB@F% ﬁ%elgffse?m

sal ts (ejfthe CRIMEDIMISENOR BOPOMSEH tfa8bCin (AEFREL SEEbBETS Ub bBdue 6 percent by
pot assi um nmonoper sul fate, and potassi um di persul fate), periodate

salts (ergight ﬁ@FeaE@feEﬁW)p’@rtbwaS"e‘)f abawd-Y te BRBHt ARETCER YV Hiehs: BPStror e

of the f ?{e?&?dlyngl thé VB OGN RES. PYd Bl Bpddddnt bwla%ﬁd. YrHRa8FaSiE Bskticles
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[ 0017] The conpositions of the invention include |ysine, preferably at
a concentration in the range of about 0.01 to about 5 percent by

wei ght, nore preferably about 0.05 to about 2 percent by weight,
based on the total conposition weight. It is believed that the |ysine
i nhi bits PCM oxidation, particularly GST oxidation, and reduces the

anount of oxidation products that - 6 - build-up on the surface of
the PCM substrate during CMP in the presence of oxidizing agents,
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0.1 to about 4 percent by weight, based on the combined weight of the composition with
hydrogen peroxide incorporated therein.
[0017] The compositions of the invention include lysine, preferably at a concentration in
the range of about 0.01 to about 5 percent by weight, more preferably about 0.05 to about 2
percent by weight, based on the total composition weight. It is believed that the lysine inhibits

PCM oxidation, particularly GST oxidation, and reduces the amount of oxidation products that



like), as well as any conbination of ingredients. For exanple, an
abrasive can be dispersed in - 7 - water, and the |lysine can be
added, and m xed by any nethod that is capable of incorporating the
conponents into the CVMP conposition. The oxidizing agent, when
present, can be added to the conposition at any suitable tinme. In
sonme enbodi ments, the oxidizing agent is not added to the CW
conposition until the conposition is ready for use in a CWMP process,
for exanple, the oxidizing agent is added just prior to initiation of
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PCM f r om ¢hkitisgibsibs@ahe fhongiohésfron derisgitht &3P prloesse oONoni00@) ckhepIeh/PX

met hods of .the present invention can,be ysed to polish any sujtable
Substr at e B ERE dpe HERe AP P Brdh Gie aRr Rpeif pulle &1 S
%gnpri Isi Ngid nldllc %hédz,gymallidﬁﬁm) , tatdc ke, dspdtec %dﬁl,%fﬁﬂ'rﬂibbyif,d, stdaebt?éjmd)l jis a
T alloy (e.qg., ( Te5). or | .. The substrate prefer al so
Chel adeq B YR sk e (- Gk ﬁﬁ%?utﬁ%?“a&e%wéﬂf% agud, B‘%iy%{%@}c 1
silicon dyddyhdechiigrMymderke), lamitocRibek Bicraeids (4. Nidsha-aniREMiad) deta@-ahiimter
| ayer are abraded, and the abrading is stopped at a silicon dioxide

| ayer. 10W¥519REENPhitHotid B lkHePhosrbelenPophesmhpish a5y phosphornates,

parti cul asto¥proHbdaffdx iR adhBEp1ImERYHARGHE HenW dalits thefAE b ABImABERARICH
pol i shi ng apparatus..TyplcafIy, t he CVP apparatus_ conprises a platen,
whi ch, whpreiof thedereging,japd ghstliken Prefered ghelalingaagerts ingludp gralicesigh malopicom
orbital, [iNeini @, OfiriCAdi® Wity &R e Y cofbRRLibRNTAG0 BASlole  IRUBESng.
on the platén and noves with the platen. A carrier assenbly holds a
subst r at eTheghbletigardenthwicn wiilizshtracferablytihpreseat vkl eomeposhior gt a concentration

in the range of about 0.1 to about 3 percent by weight.

[0020] In addition, the CMP compositions of the invention can include other optional
ingredients such as biocides, dispersants, viscosity modifiers, buffers, pH adjusting agents,
metal corrosion inhibitors (e.g., benzotriazoles.or. 1,2,4-triazoles), and the like. " -

[0021] The CMP compositions of the invention can be prepared by any suitable technique,
many of which are known to those skilled in the art. The CMP composition can be prepared in
a batch or continuous process. Generally, the CMP composition can be prepared by combining
the components thereof in any order. The term “component” as used herein includes individual
ingredients (e.g., abrasives, lysine, chelating agents, acids, bases, oxidizing agents, and the

like), as well as any combination of ingredients. Forexample, anabrasive can be dispersed in



- 8 - relative to the surface of the polishing pad, while urging the
substrate against the pad at a sel ected pressure (down force) to aid
in abrading the surface of the substrate. A CMP conposition is
typically punped onto the polishing pad to aid in the polishing
process. The polishing of the substrate is acconplished by the

conbi ned abrasive action of the noving polishing pad and the CWP
conposi tion of the invention present on,the polishing pad, which
abrades at |east a portion of the surface of the substrate, and
thereby pgl i 6 ubstr anarized

pol 1 shed Gt JHE ek dRi s BE Faosh B e S e B DG BNE BE GRS B
pol i shi ngtheadmpenegts mtpqﬂel VP rrgmponifi@c @he oklaliving ageht wgerqxramp{ e If added

sui tabl e polishin ads_incl ude.woven and wove al,i shi ng pads,

ohi ch_cant HE TR By e o rDatmeny e baizg eyt acded
pol i shi ngtopAESMPasdNpOLISH Gritil AtRycoRPoY B 1sh]aa\d'w@ w83 §@wm>qbd>@ssdﬁﬁ$k£mple,
har dness, .t hi ckness, ssibility, abi to rebound upon

conpr essi B X SHNeASHY H%§§$gﬁmhﬂﬂﬁﬂﬁgnmﬁﬁéﬁfEHF @EaEP?PﬁﬁaHQﬁﬁWQﬁ“i“a“y
chem cal gggbhistiarece, as is well known in the CWP art. Suitable

pol ynmers include, for exanple, polyvinylchloride, polyvinylfluoride,
nyl on, fl¥82Hcar b%CMﬁcﬂompawrjmféhe m@qewgf@ﬁwnwm@mr@t@d asa

pol yet her . pglyet Q)ﬂcﬁ ASnteR@ élyt@'% dBute@Qh t¥{ Yh @é}%@&%&e RRINBLYA n%@eous carrier

pol ypropyl ene, cof ormed products t ereo m Xt ures thereof
[ 0027] Desiergabtajer) pings {OMR. élpp\mham@mbbdumehmhe&d‘ﬁﬁpomwnm concegiratg can

pol i shi ngmglrﬁggf?\'eggmqgtcgﬁé r&:ﬂts%\{%reﬁ s le@éa VYP‘!F’]&{LG: scaﬁrﬁnWarjn&nR&%ch

art. Techniques for Inspectin or|ng g process
by anal yzthagupanghlutior ofohhamcmachtfawnbm alwfrdmmateeammnmﬁaaums tader, edcht he

oxamp . _forgret SR pbRetetEeoinosiyat ety S A n G P Lo i inHggmount
5, 433, 651whhnMu&¢pgmGME&MgeﬂnSmePat No. 5 949, 927 to Tang, and U S
Pat . 4, to Blra I si.rab i ns

moni tor§ o031 pEe Sy en REpTids sarraro g st Sue R R buglatte t o a
wor kpi ec esﬁarangth@ﬁhusdtsd PeMbhgsicfehied tiethed Bimpiseol) @tactity pPalrfasbibng

end- poi nt the d ternln of when to.term nate the
O o enas Bk A PO BiG TRAPRY & M oAb e L e PO Ra A ST BR bl Shd

exanpl es (iiyfiohRig thd ;ldmsmﬁ@p@i fel@ivé BOEIrRGe Blthe suktrf® Wihehe ;ﬁdm@mhgl not
be construed as in any way |limti n% its scope. EXAMPLE I [0029] Thi s

exanpl e i fAPOFiigR é@rebﬁ&emﬁe@sawﬁ §ig at Fﬂ%t@. Rofting of @G frgmgpe F%iﬂﬁ@ to
in the presgReR seft.lysl:Qgen peroxide.

[0024] The CMP methods of the present invention can be used to polish any suitable
substrate, and are especially useful for polishing substrates comprising a GST alloy, InSb, and
the like. Preferably, the PCM is a GST alloy (e.g., Ge,Sb,Tes) or InSb. The substrate
preferably also includes a liner material such as Tt or TiN, as well as a layer of silicon dioxide
thereunder. In a preferred method, a PCM and a liner layer are abraded, and the abrading is
stopped at a silicon dioxide layer.

[0025] The CMP methods of the present invention are particularly suited for use in
conjunction with a chemical-mechanical polishing apparatus. Typically, the CMP apparatus
comprises a platen, which, when in use, is in motion and has a velocity that results from orbital,
linear, and/or circular motion. A polishing pad is mounted on the platen and moves with the

platen. A carrier assembly holds a substrate to be polished in contact with the pad and moves



- 9 - [0030]Individual GST wafers (1 cmby-1 cm Ge2Sbh2Te5; GST225)
wer e di pped in various aqueous test solutions for about 100 seconds
at anbi ent roomtenperature. A control solution had a pH of about 3
and conprised about 1 percent by wei ght hydrogen peroxide in water.
O her test solutions included about 1 percent by wei ght hydrogen
per oxi de conbined with either benzotriazole (BTA; about 0.1 percent
by weight), lysine (about 1 percent by weight), or malonic acid
(about 3 percent by weight). The wafers had a shiny netallic

appear anc rlor i i d into . the test sqglutiaons. br
colorat i ogegre it Sufipd BnEbORRGe bl S Rrfe e S PR Dede®ie
f or mat i onsetxkcted ptaSSurogdoda fhayep atghinhadsy tHeasaHacekdfeha sabsttates OCMhese

eval uations and the forpnul ati ons aof t .sol utions that were teste

oy hon et 8 Tye T Rufieed e e SRS ped v Brdan e ol Bae mbeRE oL e
ef f ecti vepolismng ostbsitaite & dcyorhplithed 6yedle thbiher 4Bdsi@ncdn & tShotixgde
coating on the surface of the wafer. BTA had a slight inhibitin

effect, wRESRIAS PN BeRMEeroapPHaomPThenAFIIOR PERSEY &R tisatdbiRhipgpad, which

conbi ned Wridads BBLRN Fordbh 6f RRGHLOME sibsBAE Mk ity RREHLS tHeR¥Mhoe.
Table 1. Test Sol utionSurface Appearance none, as-reéeceived

sanpl eshi @)24tet apiskstraigsan be plenaizad popplishedrpitve CE @Bmggition of the invention
di scol or ati % : LG i 19 , vt Chi i :
EXANPLE ??%ﬁ]@‘%@ i g‘?‘r‘ﬁ? géqud(ie'lgaé%ﬂf%‘?’és“?%ﬁb&%%@??ﬁ i éf‘(%‘%ﬁ?% hhut Bl
activity plishipg pads ingudeheovon escbrmoew@fen ipg ishirgenadp evhoshi @e inpdudedixed

el ectrochgm : : ' o

i o e ectrsLRRRH, ER) Tr, LEMELNstnE £28: GiTEamPALIR phORA g any
(pH of abwmurebl8)ersopthardnessgthadboess, chmpeassibitity, blyilityeb gétouhd spanecrpd:ssibm and

A A
(SHE) wasChpiPait Sditadapsiginerts heclidegfootxdnipte, polyviagichloridel pobntny(fluogde nyton,
JEIEENE NG RN TR X MR
I N an aqugdysethane, polystyrene, polypropylene, coformed products thereof, and mixtures thereof.
[0027] Desirably, the CMP apparatus further comprises an in situ polishing endpoint
detection system, many of which are known in the art. Techniques for inspecting and
monitoring the polishing process by analyzing light or other radiation reflected from a surface
of the workpiece are known in the art. Such methods are described, for example, in U.S. Pat.
No. 5,196,353 to Sandhu ef al., U.S. Pat. No. 5,433,651 to Lustig ez al., U.S. Pat. No. 5,949,927
to Tang, and U.S. Pat. No. 5,964,643 to Birang ef al. Desirably, the inspection or monitoring of
the progress of the polishing process with respect to a workpiece being polished enables the
determination of the polishing end-point, i.e., the determination of when to terminate the
polishing process with respect to a particular workpiece.
[0028] The following examples further illustrate the invention but, of course, should not be
construed as in any way limiting its scope.
EXAMPLE 1
[0029] This example illustrates the GST-oxidation inhibiting activity of lysine in the

presence of hydrogen peroxide.



- 10 - solution containing about 3 percent by weight malonic acid and
about 1 percent hydrogen peroxi de at about pH 3 for conparison
purposes (FIG 1). The Tafel plots in FIG | show that the corrosion
current for the |ysine/hydrogen peroxide solution was about 0.22 nmA,
while the corrosion current for the mal oni c aci cUnydrogen peroxide
solution (no |lysine) was about 4.5 mA. For conparison, Tafel plots
were obtained for a 1 percent by wei ghtyaqueous hydrogen peroxide
solution at pH 2.9 and water at pH 2.9 (see FIG 2). The | percent
hydr ogen Xi L t h of I 0Si O rre bout,. 0. 2. MA, .
and wat er[{?ﬁ{gg aqgg&%g'i%ﬁpgﬁggse tC%déy’gﬁgluge@g 5’%81?%5? ng:seéhppeg in various
exper i mentjgeoud eswelutiestifor sbaundiCsendshadmbiyisirsan sengatahire aAtcoytrdleduces
the GST corrosjaon current in.aqueous hydrogen peroxi de at acidic pH
conpar ed Chf’% a lpﬁle&é’B?LP 3&nd ﬁo@ﬂ?ﬁﬁg ﬁ?o%ztpﬁ%ﬁ%ﬁ’%\kﬁ' efﬁ't g?‘l&(rﬁ%ﬁ?é’c?(l@“‘gedp Ot Sn

of mal oniGkhaaést sdligbnb yiti2ge abRen @Xiceid by eAMChizirSgchGRBIEVombaxa WRihe
illustrates the GST-oxidation inhibiting activity of l}r/Si ne usi ng
x-ray photh "é_rﬁe t%"@ﬁ@@f‘r 6%0(5‘683} PERPY)PY M4 ysioS (Rbepet Pressit By wsighy, or
dept h pr ofdlddi et aqMabButAr st 612k Eipgt) WahE wakhS IRENREin OndatiCiPeR8ndeRior to
oxi de | ayer depths obtained by oxidation of GST225"with 1 percent by
wei ght  hyginggémepaollic drst {hmioy. Arbrewecqipredermuethe puréice pethe wagr pecent
by wei ghty;l oy iR&icQLd e REREE BWG%'OQQEI%@J &ﬂgg gicd. 1 s-.?@%rfrhese
measurenents were calibrated by sputtering a |?) sanpl e of known
dept h. Tiszaloatiodasidthe depulasionerfshadsl wiongthathen tested armehdan iirohabpe bk 4s the
wer e abs ' i i
obser ved aurary o EEP Had Withe Ay ad Ryl Ty T Tne dhfaigngs
equi val entGSleptifisdoatidgsorn the sadidca of the Falidre BT A Indiacséigie, inliyising effe dulcedhs
the oxide_lLayer depth by ahout 50% for..gernani.um.and anti.mony,. and by
about 66 HPEEIRIFH e Ao Bt o R R B AR b TR iR
aci d, 1%staiRanypkidd16@r.A160 A120 A 0.5% | ysine, |% H202, pH

3S0As OA4OAFR%IYPLE 4

Test Solution Surface Appearance

none, as-received sample shiny-metallic, no discoloration

1% H,0,, pH 3 brown discoloration

0.1% BTA, 1% H;0,,pH 3 some brown discoloration

1% lysine, 1% H,0,, pH 3 shiny-metallic, slight discoloration

1% lysine, 1% H,O,, pH 3 shiny-metallic, slight discoloration
3% malonic acid, 1% H,0,, pH 3 brown discoloration

EXAMPLE 2

[0031] This example illustrates the GST-oxidation inhibiting activity of lysine in the
presence of hydrogen peroxide using electrochemical measurements.

[0032] A GST225 (Ge,SbyTes) rotating disc electrode (1 cm diameter) was submerged in
an aqueous solution (pH of about 3) containing about 1 percent by weight lysine and about 1
percent by weight hydrogen peroxide. Linear sweep voltametry was performed, and the
voltage relative to a standard hydrogen electrode (SHE) was plotted against the log of the
corrosion current (log[I]) to provide a Tafel plot (FIG. 1). A Tafel plot also was obtained by

the same procedure using a substantially similar GST electrode submerged in an aqueous



f0035] This exanple illustrates the ability of CMP conpositions of the
invention to effectively renove a GST filmin a CMP process.

[ 00361Si | i con wafers havi ng about 5000A of Ge2Sbh2Te5 filmon the
surface of the wafer were polished in the presence of about 1 percent
by wei ght of hydrogen peroxi de (based on the conbi ned wei ght of the
pol i shing conposition and hydrogen peroxide) on a 200 M Mrra

pol i sher using a | C 1010 polishing pad, 0vmth a platen speed of about
93 revolutions-per-mnute (rpnm, a carrler speed of about 87 rpm a
?lo\gcv rp;tez lgﬁg(a‘ltgrl??‘lgita & OlélIQ:gn ywel%s}'ﬁ mazorw_c aC-lJ]é)n(dpa%Hl}tl nf’ah)ﬁdrogen
conposi t ma:r:mdehabbompﬁ 36%adquiaesbrqacﬂsbse@m<aj lr)edham@iet pl&tsmeFKb tshby that

wei ght hy rogen. peroxi de an Hof ou

Commosi {1 B TR oR b B EP B e B GiE "GT Sal .01 Ha e e
(130 rim das&aﬂoxparrtdnt:foe (el E2dni@ B d/Bh@Yend epiideadlutiby (mayghﬁ) wiBlabéit @. 5
acid. Conposition 413 (of the i nvention) included 3.5 %ercent by

wei ght ofMfhEorsomparisps Tafe) plats Welexptaipsdnians | pereent by eveig ﬁéaueawyzs}fﬁgﬁ?

0.5 per ceffoxiie sWRkiN ke JrY 3bRRd wAlRE (@Rl 2.D @R ¥EE. 7)AT8S 1 pBIRINtAY Eros SO ide
Tabl e 3. eﬂ%aogl eS C}orrptoﬂm ti onG"S)v KB m%n 4Alz)% abrgm vnet 5/3r(§}§rm| onllc

aci d1200 ¥WRBo5had HenTepsion suesof ler ém@,@npe@@m@bmoawwemm of about

Conposi ti i i i
co- pendi g, U4 ERHERPU et COIRER bR Bt e TSy M Bl oot

al . ), whiohotiemcirest mheumehnfrommmn@ at heigic aHmsvmp:areééfr th@ﬁ@rrwon current

ot ori al < ha i A TR IR Ot PR R SRl T 25

i ndi cates that the corrp03| ti ons of EX&MRNehti on can achieve

e e I T T T e AT

and pat enghstoemistied speetrescopy (XPS).
[0034] XPS experiments using depth profiling with Ar-sputtering were performed to
determine the oxide layer depths obtained by oxidation of GST225 with 1 percent by weight
hydrogen peroxide (pH 3) in the presence of either 0.5 percent by weight lysine or 3 percent by
weight malonic acid. The depth measurements were calibrated by sputtering a SiO; sample of
known depth. The oxidation depths were obtained when the oxidation peaks were absent, after
removing about 4 nm of the surface films. The observed oxidation depths are shown in Table 2
(in Angstroms, as SiO; equivalent depths). As the data in Table 2 indicate, lysine reduced the

oxide layer depth by about 50% for germanium and antimony, and by about 66 percent for

tellurium.
Table 2.
Solution Ge Sb Te
3% malonic acid, 1% H,O,, pH 3 160 A 160 A 120 A
0.5% lysine, 1% H,0,, pH 3 80 A 80 A 40 A

EXAMPLE 4
[0035] This example illustrates the ability of CMP compositions of the invention to

effectively remove a GST film in a CMP process.



are hereby incorporated by reference to the sane extent as if each
reference were individually and specifically indicated to be

i ncorporated by reference and were set forth in its entirety herein.
100391The use of the terns "a" and "an" and "the" and simlar
referents in the context of describing the invention (especially in
the context of the following clains) are to be construed to cover
both the singular and the plural, unIesF ot herwi se indicated herein
or clearly contradicted by context The terns conprising," having,

e gl AR A RS R e e

ot herwi se wt@&tp@dsheﬂl@;ﬁth’&@tdsﬂﬁe@f atfoanggsrcatz by alelphBoiBdRIghN gérexxﬂe(teke;d on the
i ntended to serve shor.t hand net hod gﬂﬁgeferrln i ndi vj qgglly to
each sepaf¥ERnthayve tfozr'te.Pﬁ SHIp $ATRPopHan prHyetossPEeidsh m Mirra
i ndi cat edphiehei Bingand1€ACIdISHRAPAL &ithalplieen s%eéJlﬁQB&Qr%tr@»d)Nt%Q-p&hﬁmute
speC|f|cat|on as If it were individually recited herein. Al nethods
descri bed TRE).&iAITEa eSS OhRopbE g, B Ao RPresre eftAbeutdy RpsndypArsgyare inch
ot her wi se iydi QatRtr 1S Elalk &fZOQtnnﬁlrhWréﬁer%xﬁ@t'é AL aeRS.r Al €4 oRYositions
context. Thé use of "any and all exanples, or exenplary | anguage
(e.g., "sthehwerseyalptesd sadle dorianes apout lqurmebtdedghtéwétqgem perpeide end had a pH
i 11 um nat i
of the i nosfch VER AR Tt AR ARt RS RaRul ) BB Ak pERIBRAPca
speci fi catliz@mmshean mrtsée tongnd abodt hserpwdbxcatsnghgmdnyw roid- €loaiprstion 4B (of
el emrent a i t
[0040] pr oSy o e i< 8 o At 8 or e Ral U AThiSR a0 gy gt size
i ncl udi ngaiidebotnesi peroohe bk woight ltysiné. NEhd GYE rehaivsl thes (R:&}ary shogvnautlablaé.
invention.,Pqiégtions of those preferred enbodi nents may becone

o}

apparent t e of ordinary skill in the art upon reading the
f or egoi ng d@gﬁ bﬁhb@n The |nventors expect sklllé§&gﬁtb§ﬂﬁ§)to
enpl oy such—vafr+attrons—as—app e—art—the—tTnve etrid fo

the inventith to bé~@@b@ﬂﬂ@éﬁ66@h@WWF§e than as spe0|t%@ally

descri bed hggei n. Acrcwmrabiabigk .59 RBeisei nventi on i ncl udes3al
nodi fications and equi val ents of the subject matter recited in the

cl ai s apgwnded hereto as permtted by applicable |aw. Mreover, any
conbi nat i P38 t kemapae: @@emsrtwédt@eerﬁm s GOHIPPiFiop BNt &Y co- “oivned dnd

variati ong, pORERAk.S! Bat&h Qtﬁﬁ?@a%ﬁger%f Nol €1/69W £t (D95 B! 29 SwRERNRAMeS ﬁhe
i ndi cated herein or otherw se clearly contradictéed by context. -

- WHAT | SugloAnpEDnpik Sian ebautSrrerdentdy: W gl @b plerasiviis|cogihinagon @hth)ﬂalomc amd
conposi ti Qrﬂj lmlarm?eltém e FeRORS ?at&ﬁ%@zg(?n TREE It ConfPsfioR 4BYndicates that

substrat e, e COITpOSI 1 on COITpI’I Sin
the compositions of the invention can achleve excellent GST removal rates even without

malonic acid present.

[0038] All references, including publications, patent applications, and patents, cited herein
are hereby incorporated by reference to the same extent as if each reference were individually
and specifically indicated to be incorporated by reference and were set forth in its entirety
herein.

[0039] The use of the terms “a”” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be construed
to cover both the singular and the plural, unless otherwise indicated herein or clearly

kR INYY

contradicted by context. The terms “comprising,” “having,” “including,” and “containing” are

to be construed as open-ended terms (i.¢., meaning “including, but not limited to,”) unless



(a) a particulate abrasive material; (b) lysine; and (c) an aqueous
carrier therefor. 2. The CWVP conposition of claim1l wherein the
particul ate abrasive material is present at a concentration in the
range of about 0.001 to about 6 percent by weight. 3. The CWP
conposition of claim1l wherein the lysine is present at a
concentration in the range of about 0.01 to about 5 percent by

wei ght. 4. The CWP conposition of clain,l wherein the particulate
abrasive material is selected fromthe group consisting of coll oidal

silica, f d_silicg, .and ha-alum na. S The . CO i tion. of
o) i 1 P EReBbEh Resiten HLNR B Qe ot RRAR AN B2
conposi tshonhavfi nedtaidrof efevhieg aidividuadly oxeadh zépacptagdudt failiag prithgetht raage,a
concentration. in.the .range of aBou 0.01 to abaqut 6

Eﬁfﬁﬁi && f

. ercent by .. .
el gt . o Sngic e e el R B b g R R e e reeziony
agent cofpf it $e& individeastrearRe heveirdi Al M@thagedvscritrll BeeRtah bo Prrifdithe@ iy
consi sting of % hydr ogen per,ox,ide(i %_persulf?tel%?lt, a Pg&foQgtexL
salt, anitable grder ynlesp aiggrwise indicated herein or otherwise clearly contradicted by conte

The use of any and all examples, or exemplary language (e.g., “such as”) provided herein, is
intended merely to better illuminate the invention and does not pose a limitation on the scope of
the invention unless otherwise claimed. No language in the specification should Be construed
as indicating any non-claimed element as essential to the practice of the invention.

[0040] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible

variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.



8. The CWP conposition of claimb5 mhe{ in the oxidizing agent
conprises hydrogen peroxide. 9. A chemi cal - nechani cal polishing
(CWP) nmethod for polishing a phase change materi al -cont ai ni ng

substr at eWP&ﬂﬁ Ig}g%%g%é:ﬁﬁ@ri sing abrading the surface of the

Substrate w't conposition of claim1 in the presence of an
oxi di zi ng agent. 10. A chem cal - mechani cal polishing (CWP)

nmet hod for polishing a phase change nmateri al -contai ni ng substrate,
the method conpri si ggchﬁwakfr@ﬁ%an&ai polishing (CMP) copappsitigh ffdtolishing 2

surface ofp ey ?ﬁa‘céﬂa‘?—c&‘ﬁt&iﬁ%‘@g BRI NGRS AT c%{?wgi%é%.gus Sl

conposition In the presence of -an oxi di zi ng agent,

conposi tion bei ng i ()apenicdarcarasitdmatesialopne of clains 1-4 , and

| ysine; and .(b) causing relative notion between the
pol i shing pad and tﬂ%1§ﬂ3§?W£te - 14 - while maintaining a portion

of the CWP CO”DOSit}?th.fgggggﬁgrykﬁhnphe surface between the pad
and the substrate f a g%riod of tinme sufficient to abrade at | east

a portion of the phibeChHarmgepasitoardfalaitirlonhdrtie tsuprsticbate abkgivihe CVP
L R NoE T
persul fatgesalt, a periodate salt, and a salt thereof 12. The CW
met hod of claim 10 wherein the oxidizing agent conprises hydrogen
per oxi de. 13. The CMPhereMibebraositioaiahcladmvihehastin thhkysiogidiresentatagent
Is pres entconactentration in the range of about 0.01 to about 5 percent by weight.

4. The CMP composition of claim 1 wherein the particulate abrasive
material is selected from the group consisting of colloidal silica, fumed silica, and
alpha-alumina.

5. . The CMP composition of claim 1 further comprising an oxidizing
agent.

6. The CMP- composition of claim 5 wherein the oxidizing agent is
present at a concentration in the range of about 0.01 to about 6 percent by weight.

7. The CMP composition of claim 5 wherein the oxidizing agent
comprises at least one oxidizing agent selected from the group consisting of a
hydrogen peroxide, a persulfate salt, a periodate salt, and a salt thereof.

8. The CMP composition of claim 5 wherein the oxidizing agent
comprises hydrogen peroxide.

9. A chemical-mechanical polishing (CMP) method for polishing a phase
change material-containing substrate, the method comprising abrading the surface of
the substrate with a CMP composition of claim 1 in the presence of an oxidizing
agent.

10. A chemical-mechanical polishing (CMP) method for polishing a phase
change material-containing substrate, the method comprising the steps of:

(a) contacting a surface of the substrate with a polishing pad and an
aqueous CMP composition in the presence of an oxidizing agent, the CMP

composition being in accordance with any one of claims 1-4 , and lysine; and

(b) causing relative motion between the polishing pad and the substrate
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12.  The CMP method of claim 10 wherein the oxidizing agent comprises
hydrogen peroxide.
13.  The CMP method of claim 10 wherein the oxidizing agent is present at
a concentration in the range of about 0.01 to about 6 percent by weight.
14.  The CMP method of claim 10 wherein
(a) the substrate comprises a surface layer of a germanium-antimony-
tellurium (GST) alloy; or
(b) the substrate comprises indium antimonite (InSb).
15. The CMP method of claim 14, part (a) wherein the substrate further
comprises a liner material under the surface layer, and wherein optionally
(1) the liner material is selected from the group consisting of Ti, TiN,
and a combination thereof; and/or
(ii) the substrate further comprises a layer of silicon dioxide under the

liner material, and wherein optionally in (ii) the GST alloy and the liner material are

each abraded, and the abrading is ceased at the silicon dioxide layer.



