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WD 2008/ 002760 PCT/ US2007/ 070795 PHASE CHANGE ALLOY
ETCH BACKGROUND OF THE | NVENTI ON [ 0001] The present

WO peosf003i76n rel ates to the formati on of sem conPEUSZ007/070795

devices. More particularly, the invention relates
etching to form phase change 5 nenory devices. [0002]

I'n the formation FHASHIIRANGI @¢.I"N@YEHPCHan al | oy,
such as an alloy of germanium (Ge), antinony (Sb),

and tel luri um ( BACKORORINBOETHEIVENSIOssed to  form
phase change nemory elements. [U00U3] IT'n an exanpl e of
a[@0d3e cHengesenemuentioal rehmentto thegdotmae] oand I‘SemlCSndl@:t(liIHd e

of, GST. The ele nts may be he ted and th

pQE@F??g 1\& oS RRFEHIAN Y e @qﬂ%ée drestenpe (9 %"o‘g]i e
B%ﬁ“ YeREesused to provide an anor phous structure

W t (ﬂﬁ gﬁnﬁphous resistance (ra). A slower cool down
mi§00R2¢ usladhd formpti@voftighase chainge ﬁfe;tﬁ)halah |aﬂey,$tw}um§ anr @loy of

with a crystalline resistance (rc

dlgFIFIéarnéH’tl @% ARtRRNY (SPg ang é%llugwah &) Gwsel@émﬁ\‘ﬁif )0 uggdeto
ﬁi@é%%ﬁaﬁgﬁ] Igyggﬁkﬁ%e the foregoing and in
acco

ance purpose of the present invention
a[eo®3hod I@fanfe@ﬁﬂi’fplég)f dehaeahahge PEMVIEEmerA ¢ldASRment is
change layer is provided. The phase change | ayer is

efiade of by pﬂ&\fheéﬁmf‘gltSamaﬁéb@:heagfaisanédhwwﬂ Y RASHP® ACH@ent

R e S G

| BiredituieGritAdh @p@phadsussit@nicef (@) mMANGowdreabldden may Be used to
phase change |ayer is provided. A Plasna processin
c REgvidera m@&ﬁiyﬁt%ﬂlﬁ@ stgncea@ra astalling rasistgea (iph w8iea is

phﬁﬁgg%lr QHEI.M§Q%%osure a substrate support for
supp oﬁ% tYatewi thin the pl asma processi ng

chanber encl 0SsUurSMM RARYSOHMTEIN BQVERTRONT or
regul ating the pressure in the plasm processing 25

¢r ehehddgredhe fpregopgsandgpacearéace @/d‘él the¢ypurpose of the

25?%“8%@ PGS st e A TP uRu SENGLER A PRES Rl taver

soﬁ%dllde& TB&Shds® ERanigh eayR} ﬂ%@e@b?ﬁ%@dlﬁg at BRABERY comprising
osure, and a gas outlet for exhausting gas from

t hé)rquhms rfrantpnm_@csgmmnd hadrfiemizge plosa &oinsthpewhigded. A

gﬁOO%?ur “{f andther manifestation of the invention an apparatus for forming
features in a phase change layer is provided. A plasma processing chamber
comprising a chamber wall forming a plasma processing chamber enclosure, a
substrate support for supporting a substrate within the plasma processing chamber
enclosure, a pressure regulator for regulating the pressure in the plasma processing
chamber enclosure, at least one electrode for providing power to the plasma
processing chamber enclosure for sustaining a plasma, a gas inlet for providing
gas into the plasma processing chamber enclosure, and a gas outlet for exhausting
gas from the plasma processing chamber enclosure is provided. A gas source is in
fluid connection with the gas inlet and comprises a bromine containing compound
gas source, a noble gas source, and an at least one of a fluorine containing
compound and chlorine containing compound gas source. A controller is

controllably connected to the gas source and the at least one electrode and
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fluid connection with the gas inlet and conprises a
brom ne contai ni ng conpound 30 gas source, a noble gas

waowsoa76@nd an at | east one of a fluorine cone@i/nBIWg7/070795

conpound and chl orine containi ng conpound gas sour ce.
A cont,roIIFr IS controlllgﬂbly conn%efg’éfd to the gas

s GRPEESCIAH CRHONG PrQEEOT AhePTBIPUSIF eqRerta-1 Thgromputer
20086002660, BTS00 01070011 EuS Sy @ RARN OO
processor an onput er’ readabl e nedi a.” The gonpute

r eaipbtieg mbchinine ocofpningescoagopnd end cemoladl readabtbecotie for
provi ding an etch gas., conprising a brom ne containing

c EFBUA PRsa orpthe fchr&dadabl e code for forming a

pl fr ; ' t . .
féat u? es o S% Elgd g%lggggtt%ﬁj‘lsr?\? g{ne?é} g%]ﬂw Q%ﬁg)gaglgls%r#g‘genclj e|dr11n
maicze déhidbélobhahoke¢ ddaitedelesetptioh @d thaa s eantiph iaad irodonjlietion
invention and in conjunction wth the follow ng

f Matlrtbe fol BRIiEg-figSERI PTI ON OF THE DRAW NGS [ 0007] The

present | nvengian i dddiBFARIGITAY RX Wik anl e,

and not by way 10 oOf frmtatrorm, rmthe trgures of
t P@00IT C oMt segt Hhivanidnds ileated by agof kkkeple gidaiod bg ay
nuneral s refer to simlar elenents and in i ch:

[ @bbetagprgin thejfigugestf ge acsgmparyingirawanes apd igwhpichdiks s

th my._ he ed- i n an., enbodi ment. of..t.he i nventi on.

| St R e R SRR R i iSlE Toral ' Vs
of00usst aCMG?ﬂQ@Eﬁ%ﬂdevel Bloacchar & A PrdcesRa@iHOsH wRatin o
the invention. [0010] FIG 3 is a schematic view of a

peabadinpnbeldsintwgnderanber that may be wused in

p i Ci he .invention. .[0011] FIG 's 4A-B

i ¢ a0 AT AR S P el e Boregi prgeessed

| ARlBIBAtd Nbe@bSRREAQIIRS invefitbnl N enbodi ments of the
present i nvention. 20 DETAI LED DESCRI PTI ON OF THE
PREABRRECFIEVBOD: hETStic [f3O1d] a flhenpproseningichymheri tbat may be
wi |l now be described in detail with reference to a

f GigP S aiFing RISt s thereof as illustrated in

t R§013§ CONPy L AOR ﬂ[tﬁ%@glscomﬂu[brtspﬁerfl ol hieMiGiitable for
description, nunerous specific detalls are set forth

i mmplechentinga controller used in embodiments of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] The present invention will now be described in detail with reference to
a few preferred embodiments thereof as illustrated in the accompanying drawings.
In the following description, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It will be apparent,
however, to one skilled in the art, that the present invention may be practiced
without some or all of these specific details. In other instances, well known
process steps and/or structures have not been described in detail in order to not
unnecessarily obscure the present invention.

[0013] To facilitate understanding, FIG. 1 is a high level flow chart of a
process that may be used in an embodiment of the invention. First electrodes are
provided in a dielectric layer (step 104). FIG. 2A is a schematic cross-sectional
view of a dielectric layer 204 with a plurality of first electrodes 206. In a preferred

embodiment, the dielectric layer is silicon oxide or silicon nitride based dielectric.
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provi de a thorough understandi ng of the present
invention. It will be apparent, 25 however, to one

wa@RkioBloexfed n the art, that the present inventi oPCTEH$200E070795

practiced w thout sone or all of these specific

In oth nst an wel | known rocess eps
ai‘ﬁﬁi&ﬂ st B8RS §n%&9@rr¥§ lso@élﬁe%@%féﬁlileo@afgmc(i@teaié‘* i
0 [
. 'ﬂ%eﬁrs{ 86&%%1880%6351@ Sl%)@; le)fjhggs(ﬁ'lgﬁ o 2& PR eSGM matglal that

i nventi on. facilitate un |ng,
| $nay bleihghxed by @lcufremand higent windh @@old, githec &ﬁ'ﬁlstah amonphoube
used i n an enbodi ment of the _invention. Fi

e M1 ges cryptalling meagripdlepandingipr hew fast &hq ra%rrlal(l%,@%ed In
19%(21& 1'1: Itﬁ% a éipglélésfmgt%ﬂgl%g 'a%es%t?r‘r:t% Ffeglgtl so%glfll tlr}{éseé%eﬁér

Pectri'c wth a plu
elkleatthocdestaline matdtiah Preédrably atle peasb @Hange Ndyer Isl'm least one of
dielectric layer is silicon oxide or silicon nitride
b ag edoxiplegeamaning, antinggnyz gudiedptved GSET AUEDRTEaRgBony
% wfuphase change layer 208 is forned over the
e ectrlc | ayer 204 and the first el ectrodes 206

( $0013] 108\ see%nal&aﬁ&o@&ap@@1fzayﬁfrn13@8v¢1&h@fahaae IRArRe il@ler
t hat %kbe heated by a current and then when cool ed,

eﬂ@& éﬁtepr s hhﬁpr@fﬁﬁfeémdlmmtéhe gcopd elgctepdedapdr|2il A és

h I
coépnﬁn tng%Pﬁgﬂ ﬁae %héﬁﬁkNﬁoﬁsnﬁgfgL?allﬁas a

r ge01%] ance nﬂiskllﬂ@‘ﬁﬁle& eveTtd secbitbSe@fRidlBler (stdpan6h.Ni a
crystalline material. Preferably, the phase change

| ayederrackenahodinendt the measkfis foamediby Hiypt ffrmyes arhardmask layer 214

T s RlRet Fos b R R e P iRl ok % i op Rt T e

f ariBsP¥SEr 211 TMRAREISARNGR: DAY Rletchbl tl%@ %}{ &k PRotbiist

In a preférred enbodi nent, the second el ectrode | ayer
2 sk 216 tq foamiaumaskiaver dhe secnnm)ele@tro‘tlmhg@‘t@ﬁ T Sthpwden FIG.
(&g). [0016] A mask is forned over the second

ctrode | ayer (step 116). In a preferred

efdag) Mento ech e BSdnask, e rd’[@é’ctlti)é/ lalyér 251t4 4@t ﬂ%ﬂlt&i stack may
hardnask |ayer 214 over the second el ectrode | ayer

212 plagepinot piamsa pioceraBlg cAdBbéers HIGr Bmda @hematiheiew®f a plasma

hardmask | aye 14.  The har dmask Ia e hed
t BFSGYe e 5 biisldiie a pigapa Erféescs ft8? %%Ab& ?r% RA5%er

t BR e &ENEoLIAGE AR ARILLAVEY céilbfed R8s QWRnE BooThfdl incRRes a

plasma reactor 302 having a plasma processing chamber 304 therein. A
transformer coupled power (TCP) controller 350 and a bias power controller 355,
respectively, control a TCP power supply 351 and a bias power supply 356
influencing the plasma 324 created within plasma chamber 304.

[0018] The TCP power controller 350 sets a set point for TCP power supply
351 configured to supply a radio frequency signal at 13.56MHz, tuned by a TCP
match network 352, to a TCP coil 353 located near the plasma chamber 304. An
RF transparent window 354 is provided to separate TCP coil 353 from plasma
chamber 304 while allowing energy to pass from TCP coil 353 to plasma chamber
304. An optically transparent window 365 is provided by a circular piece of
sapphire having a diameter of approximately 2.5 cm (1 inch) located in an aperture

in the RF transparent window 354.
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[0017] To etch the hardmask, the dielectric |ayer 214
and the related stack nmay be placed in a plasna

FIG 3 is a schematic vi el DUSB07/070795
plasma 20 processing system 300, including a plasnma
processi ng tool 301. The pl.asma processing tool 301 is
aﬁﬂqlﬁiuctﬂﬁe@?fs RS IcQRr i%éﬁ%s%tféﬁ?tﬁi?ntté%‘l ighipwer supply

' H&?ﬁ% di a1, 305 d RV AOm A 'nét%&H?k 7

p?gées& gc angﬁ‘? %8@: %Lre]lgn 1tran§ or ner ggu’é?ed
poma;fk dlek@B)ie 80 tacadet evithabthe @ihadrra chambem/!.e:ireamg tardidetter
reg&gctlvely contr ol pply 351 and

Cb‘if%%* ( fas §b<m gjectinge 363 thqhué ﬁ%ﬂﬁ?& tp ﬁ@:ebwea?swﬁstsazq 306,
CLEA RY S\M’nti—QIJ]F K Csp Flce 3[9641%% 1%1%9«:23§4d The TCP

power contro Sets 4 seét or ‘"TCP power

SPI20y 38%ac mﬁplmwﬁnism &P bMJrae B Bxlinolutle £4|uineyor
signal at 13. 56|\/Hz tuned by a TCP rratch net wor k 352,

t SOWCERP L8HPT 28683 |outehad \ﬁéa@a% manifeld S te sippbethe power

L O e
EeRey @(}haﬁﬂ nikafisni§rh G118 T{IR1de0 ialpradBide contpdlaave 3qbafexhaust
304. An optically transparent w ndow 365 i s provided

bypuapc2p and samyics @éméifes fr@ﬁpwﬁhméh% akaﬁrﬁg charglhes 70t ard of

a Xl mat e 1 an aperture
AR, r“é‘ﬁlér ST i % 8008/ 002760

P@Wztﬂiszooxlt&ﬂ&}&ﬁre do(ﬁﬁéﬂ&r 3‘Ebe;ob¢r@1§ tROBEBIpeGané bOhdalirs 382
355 sets a set point for bias power supply 356

c orividpdrveighin thesapplk yle@tmdal—ﬂ%ulgrﬁantrolﬂluﬁ adietygr povess snpiply R84

Kk 357 d 3
ARl SaRa sl S0 BB o et ER P il o
DiTRS pRRAN Prétkesiy g@@nsﬁﬁ) B §180 hvAtaRRid AckeGRBYS 2

subs rate 306, such as a sem -conductor wafer work
pl®#128] beFlf Sptbeet4B @Illus[ra@mqonmugfai§y&t@rp|cil390 nveluhlam soitable
as. sour.ce 310 i,?égo udes a.sou

o Ford BRI BE son kDB P R e O R T e

t BRIt eRRntiok NEIG, Sﬂftpf %o&%%ﬂ%@%ﬁl@?h%‘i&l RIrRC&SRe E&nﬂhﬁ@r
interior of the plasna chanber 304." A gas exhaust

meygdteami MncGur8e, iticéamipreraygemasay mve omny physied] Yern89nging

W I R NI

P&S 4 hedH QbePERTRINTE Wttt sP&aMBo6 Hﬁ[ﬂ%E a ¥¥hitor 1302, a
display 1304, a housing 1306, a disk drive 1308, a keyboard 1310, and a mouse
1312. Disk 1314 is a computer-readable medium used to transfer data to and from
computer system 1300.
[0023] FIG. 4B is an example of a block diagram for computer system 1300.
Attached to system bus 1320 is a wide variety of subsystems. Processor(s) 1322
(also referred to as central processing units, or CPUs) are coupled to storage
devices, including memory 1324. Memory 1324 includes random access memory
(RAM) and read-only memory (ROM). As is well known in the art, ROM acts to
transfer data and instructions uni-directionally to the CPU and RAM is used
typically to transfer data and instructions in a bi-directional manner. Both of these
types of memories may include any suitable of the computer-readable media

described below. A fixed disk 1326 is also coupled bi-directionally to CPU 1322;
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[0021] A tenperature controller 380 controls the
tenperature of heaters 382 provided within the chuck

web@siorde 308 by controlling a heater power seEpPU$2007/070795

384. The plasma processing system 300 al so incl udes
electronlc cont circuitry 370, 15 The

pridEeYErRy L%t%ﬁeraﬁﬁga%%%w alﬁogrf@ %&nwf the
d%&ﬁgﬁt@f reaﬁgble me80kkcrHefbeBw AFli‘éWdl%ﬁ@lBid hi3) beh&ddo store
conput er system 1300, which is suita

I pplgeamy)idhtagamsiohe tiké hed isftgpicadlyrt seobndaiy s'tomagds meaﬁlﬁh addas
i n_enbodi nents of the present invention.

sROME! Gle thrydstipier HRY BILATY pgs- off Withke éPi?’Fﬁ‘E}ﬁtéii that the
ogfretﬁﬂlléﬁ %\ﬁthlﬁ H?e(f:@gﬁ? %Z%r m§§’ §1t1 & BfatgI Qﬁ/s%s Hany

¥y3|ca orms rangin rom an i nt gr ted circuit,
a npbrpmtrﬁdd o gtandiatd ﬂadabni as aindalamsdradyl in heanddre [1824 eﬂemevable
uper conputer. Conputer sgsten1

i ﬁbskdééé’e H&Y%ﬁw the formagi any f thejcopPa{FrTengat leénm@%ﬁrgbed
?%gw a disk drive 1308, a keyboard 1310, and a nouse

1 . Disk 1314 is a conputer-readabl e nmedi umused to
t [602] er CRWA3LDisedsh douPled t6 QWb of Hipsit/enplaice®Buch as
[0023] FIG 4B is an exanple of a bl ock diagramfor
céﬁﬁl@ﬂéﬁ% vesyeeard 391). moyse é%}?e éng gpealess a3 uly genzal. ipg

a Y & £ r 2
- i PBu AR By BT, SR S HRCRARLEAN, s b

C ﬂﬁ@o@h’oﬂe@, 8- a@Sitivel ﬂiépﬁ@ﬁ ,trahEtﬁicbllddaﬁgrdi&élﬁ I'aghd8é or paper
Menory 1324 includes random access nenory (RAM and
r é@@r@ﬁdlegs bletT: 9ty(m\/pv010¢\§r h@dmtmgl«rmmeﬁ biegnehias,

acts to 30 tra %ﬁﬁJHQFU’ tr ctio
u rrﬁ:ad%rsr tI oSS afnlpu ional r'{ha}/ ge €O é)gﬁd to another

t ¥pinpatet r &Ec@mﬁmﬁfc@ﬁorﬁaiem@ﬁdmin Stk iRBFade 330, With
bi -directional nmanner. Both of these types of

rrélmhra %Wﬁﬁyinteﬁf@i?%l dieis aﬁlye@plat@aiﬁh@t thg CPHanight receive

d f d . dis
TR o e B B E o iR PRl ot 1S e

V\@)lﬁ@@&/ &Qﬁ)?ﬁﬂlg’%ﬁgém%ﬂrﬂ%gzﬁhod dteRl PhktH@Snore, method

addi tional data storage capacity and may al so i ncl ude
anylbo«ﬂlntemes ofélmnprm@t invealtrbiney erecding saledcvpdnredPddBddvor may
Fi xed, di sk

ARG R B RaR en SHS BRer)if S BB AT RU tha

neﬂhrmﬁ&ueﬂoﬁﬁleq)rmggnglsk) that is slower than
primary storage. It will be appreciated that the 5

i B925irat i lorddigioai enelbdimeits nf fhexpeehenti igkent®R Gunthey relate to

apgrglp tre} §atgrealgg fa)rso%lslcts with a computer-readable medium that have computer
code thereon for performing various computer-implemented operations. The
media and computer code may be those specially designed and constructed for the
purposes of the present invention, or they may be of the kind well known and
available to those having skill in the computer software arts. Examples of
computer-readable media include, but are not limited to: magnetic media such as
hard disks, floppy disks, and magnetic tape; optical media such as CD-ROMs and
holographic devices; magneto-optical media such as floptical disks; and hardware
devices that are specially configured to store and execute program code, such as

application-specific integrated circuits (ASICs), programmable logic devices

(PLDs) and ROM and RAM devices. Examples of computer code include machine
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[0024] CPU 1322 is also coupled to a variety of

t/o tput eV| h as 0 displa

< Eo s edd bl C&l@r er, %ddfﬂgﬁeﬂu@flglg@é@r lqvgl code that
g
d?%%r’%%e@?yr SRR BRACE TRBEAUBIC PSRy
t alsolbe sempiter valediampinaied, bytar congahtis elntacsiynd] erebetBedin a carrier
magneti ¢ or paper tape readers, tablets, styluses
v 3i3¥e 43t FORERIERIFISS S5gUTTSE egmsafe?tgons Hhab Arerepewable Byaer s

% &E&%ﬁ computers. CPU 1322 optionally may be coupl ed

anot her 15 conputer or tel econmunications network

u$0029] netmgfecemi aedtade 1dy3A408 . etdhed Istes 12, & shewmm KIG. 2C.
interface, is contenplated that the CPU m

r S iepee elirrf% %mh%ﬁlméﬁt f‘trlé?ﬁt porae ﬁ%@}ﬁératureeimﬁt@lrﬂd igtatheit
Lg%cg)ﬁg%fecgg%%lgy%%g %g?et 101 el E(E] 8&?7@???@%%@%}1%6 second electrode

Fldyeh2rnohsieadygdiie tbaseyshedeaers sa Gin ﬁehﬁurﬂﬁgﬁl@élt 224 of the
i nventi on may execute solely upon CPU 1322 or may 20
exeeuf elestiede layaietl dopraigy cMogsprefraablnithe srepnd glectrode layer

C?T% #gﬁ:ott cg&gﬁeﬁ%%teh{(ﬁ@gﬁeﬁ Litz?ﬁ I(}I%{h chgrtlr%r esforathg %(iongn

proc Whodi men

t BRcEs@SIeRr 211D VieMid @hbddimbhehay @&ndige tﬁ ha@@amfge fayer 208.
storage products with a conputer-readabl e medi um t hat
h velecetﬂhmr@@rsses doitae serond slectrene lpeqrfr@rymange waeruemsﬁle

C%”B age X the laesg% atl eg lz?y%re {qulé U3aq ?1’3&1’0&1% layer 1s téeheg through to
conp er code nay e Those specia esi’g

abCéiRdgd Q.Sfert hﬁerdfd}iﬁp&ﬁﬁﬂet@fetd}lhﬁroﬁgESﬁ(He second electrode
|nvent|on or they may be of the kind well known and

aleser Ak during théersendh ¢tigflediyer P17 atch henat shkaptabég in these
sof V\@i rts. Exanples of conputer-readabl e nedia
i CP0U8“"But are not linited to: magnetic nedia such

ag002Tr d AlicsleentibhARRY ﬂ'tﬁ@coﬂeé@ﬂ@%ﬂe@nﬁa?lﬁ@used In the
opti cal nmedia such as CD-ROVs and 30 hol ographic

devifoest embgireed; Gpeichall teedtendseledirads ubdsoptlased chemistry of
di ks, d .hlie)lrdvveuert devices that are specially
r@tﬁ@d"']{t SUPOPE" &Y execute program code, such as

IP(EMST at i-pps s%@@rﬁi {1t GrddRIRLF @/E@Sl%efshleﬁ &i RO%/I ARl ﬂ:é referred

progranmmabl e | ogi ¢ devi ces

dembodisnenEaa rwtdhe@emist@unp&cﬂehatdodenwtrd@mg@tmwmerrélaﬁge
layer. In a more preferred embodiment, an etch chemistry is used that both opens
the second electrode layer and is useful for etching the etch phase change layer.
Preferably, the etch chemistry uses a bromine (Br) containing etchant gas.
Preferably, the etch chemistry provides a wafer temperature of less than 40° C
More preferably, the etch chemistry provides a temperature of less than 30° C.
More preferably, the etch chemistry provides a temperature of not more than 20°
C. Preferably, the etch chemistry further comprises at least one of a chlorine (CI)
and a fluorine (F) containing compound. Preferably, the etch chemistry further
comprises a noble gas. More preferably, the noble gas is at least one of argon

(Ar), neon (Ne), xenon (Xe), and helium (He). Preferably, the bromine containing

etchant gas comprises HBr.
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interpreter. Conputer readable nedia may also be

c er code transmtted by a co ter data

e ﬁed A AyRica) gecipedirovigad 8 PEsers gg?f-é%ﬁrﬁg*oé BBvaces
NSl

pr oce €1d9f1 Hdgg%{éﬂgrhe seclo%% g@fﬁp%g%gaﬁgwgt ch eéCh

( gheq 115251) sccasHBh@atD saemFCIg andG0-500sctieApwaf @ovided. A
enbodi nent, at | east sonme of the features 220 etched

|ma83rtt?féli’er§t€€fo9fé) ef &W@éa@vr%?gelr 212 are not etched
STR0PL e ¥id SHQH A bORSEFANICRITGLS 998) ol A48 1 HG oD,

one features, n remai ni ng

| RyeferaBR4thefsambecclit wed mdh@blﬁe@lﬁﬂg(xcf&hé e¢eind dddrode layer is
remai ns. More preferably, the second el ectrode | ayer

2 used; fr pighing Sheophasesiange kel 1ampoer enboryaent; ¢ fifferent recipe
CPELR IR s MR EEoRs EhECLERASH LONRIGH bl 400 S

Sagnbel e deRribepieeSret Mioh e cor@bmth REpet fdi@ eliny ee sB83d
cause severe profile danmage of the phase change | ayer

i flectiedeslayesmee lélﬁtéed 20T, @se;datyéatchu the Eh%,sﬁ éhartgml@@gh to 15

R G T N R

sesendtpl 1805 adexid @rofaao% EBﬂlzfsh st @&m@teas fe@sﬁﬂr@oﬂ n20
t%g/ge e2n‘ood| ment s. M[ 0027] A convez)r?ti}l onal tétch of the

satkond ¥l0eti00owkits| vegye ppptigy tyeughs g T(hcaiheA flgslegasr r ed
e uses

oragH e bRy P 3o 'S i AL B R Brded a

98330°C 0028k, dRenSa%ANREd 8¢ £6RIOER, WRRs WaSIRRRAGSA plasma.
(step 124).4 n the preferred enbodi nent, an etch P

c ﬁéﬁb@]ﬁﬁf"?d it d@é@ﬂ%@ﬁtpa@m%w?m fqﬁ@né@r:sm the tqllvaigen containing
g ﬁgﬁl}ggq% w%écﬁlbpggtact? quetb srlcg a{) iy eé{?i)y p?ﬁvg:?lgg% 61ﬂ<a\k1al?attaci<c IA

Eﬁl‘éﬁlﬁ‘i’@@seh%ﬁhe aach f!t%p YRk @Sﬁl%ltﬁﬁﬁféhﬁgthﬁnﬁayﬁbé:ﬂsed for a
ase change | ayer. Preferably, the etch chem stry

us&@sclaarbﬁtopn ne (Br) containing etchant gas.

P eIch chem st row des a wafe
iﬁ%‘g |sg1§§)r9<|:?§§11sme %P@e 6‘%?‘38}338{1%1311?%@51“

1y ) S S B e
t ﬁm}yéleqlrmnée(bfsum ampbapefot Feamov2if the hardmask layer.
[0033] For the opening of the second electrode layer and the etching of the
phase change layer the opening or etch gas preferably has a higher flow of noble
gas than the flow of HBr and a lower flow of Cl, than the flow of HBr.
[0034] Without being bound by theory, it was found that an etch using a Br
containing etchant at a low temperature, for example below 40° C, provides an
etch that is able to etch the phase change layer, which is preferably GST,
providing vertical sidewall, defined as having sidewall profiles making an angle of
between 87° to 92° with the bottom of the features from the bottom to the top of

the sidewalls. More preferably, the sidewalls are 90°. It was also found that such

an etch provides minimal corroding of the GST. Such a recipe has been found to
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C. Preferably, the etch chem stry further conprises at
| east one of a chlorine () 30 and a fluorine (F)

wa@omsanatsmg conpound. Preferably, the etch cher@BUS3007/070795

further conprises a noble gas. Morre preferably, the
nobl e gas is at |easf one of argon (Ar), neon (Ne),

x SHBHI e Sh selRFUNGY PLAFRIEEShan %i%ﬁgé Ftﬁémﬁ G hgit w0
CoMLAh 000 baRlHARkgas COMDLI ses HBr. 6 VO .
2008/ 002760 PCT/ US2007/ 070795 [0029] A typical recipe
p[@035§ed Bheprbess proeesfis tor poovidiag kpacddOn HIQRuatdf 45 weat. e

provi ded through the TCP coil. A 200-100Q volt bjas
w&orpign b the Gyl andHdewgalls that deparkfromc variigl sidgwald by maqse

C - ' A
U A0 AL BRSO S g
C lpafigiendnay ef thaassukinghiedicést ep 128), as shown in FIG

2D.  Preferably, the sane recipe used for the opening
of0036¢ seWoHe this Brentiriehas Hpet dgssribegsia demmyrof sevasal iyefered
p - g r 1 an odi - ' nt
; SRBGAARS el AP Brer RO AR R ca B B RhionS ol rafbR
S Uaitiafe 8qui eNMRAWIAERTalloPE I SicaRop@ditthistiention. It should also
above-descri bed preferred brom ne containing recipes
f be neise that gherhareseanyidferngties ways fdepjeaparing fie methedsaand
g:gll %aré’l}slsgegs r(])tf ale(eﬁrgs%ng 11'1]196 Po%.s gt 1;5 i oreI A¥%Gled %gto t%% %folﬁ)nwilng
process was use O renove a sidewa
papsdndad tlains bealyeipreet @p inkBrling ANsiRK alBladoRy, nfodefitabions,
flash step provided a pressure of 2-20 nilorr. o
30eMyPPniaandsy ajiepesubpipiufcesdiutvatentsgls falhevithapthe diup spipt and
fl ash ?g§ conpris%qg»ZO-SOO sccm CF4 was provided. A
war &¥ 9 ﬁﬁg?%?ugge%bs'provided at 15 0-30C. A CF4 gas
may be used as a flash gas, which is transforned to a
plasma. It is believed that the sidewall passivation
is formed fromthe telluriumcontaining compound,
whi ch protects the sidewall profile by preventing
sidewal | attack. A plasma is used for the flash step,
since GST limts material that nay be used for a wet
cl ean step. 20 [0032] A typical strip process is used
to renove any remai ning photoresist (step 136). An 02
gas may be used as a strip or ashing gas. O her
additional steps may be provided, such as a step for
renovi ng the hardmask | ayer



[0033] For the opening of the second el ectrode | ayer

and the etching of the phase change | ayer the opening
woeoosieitegas preferably has a higher flow of npwI/ES208%5070795

gas than the flow of HBr and a | ower flow of C 2 than

the flow of HBr. [0034] Wthout being bound by theory,

it was found that an etch using a Br containing

etchant at a | ow tenperature, for exanple below 40 C

provides an etch that is able to etch the phase

change | ayer, which is preferably GST, providing

vertical sidewall, defined as having sidewall profiles

maki ng an angl e of 30 betweeRpdd to 92 with the bottom

of the features fromthe bottomto the top of the

sidewal |s. More preferably, the sidewalls are 90. It

wadhalisdaifredngd t hat such an etch provides m ni nal

corroding of the GST. Such a recipe has been found to

7 WD 2008/ Oé?? PCT/ US2007/ 070795 provi de an etch

sdi ect i‘\/‘inFé?ﬂo f &‘%%‘%ge &t OBPISIEr et ching GST with

respect to a silicon oxide based dielectric. [0035]

The ab%&%ﬂﬁ%%g%ﬁ§wkﬁmi ﬁaﬁﬁﬁﬂhding spaces on the order

of 45 nm rrosion of the GST and sidewal | s that

depart froma vertical sidewall by nore 5 than 3

degr eestchingdhe plsage bleanga lgyet chppanngtishstepsaiipe,

significantly hurts the performance of the resulting

devi ces. [003§%1Vhi|et§hi5 inventiog has bﬁgn . 4

descri bed i R'Ter e *of <3 0T AP B e BPPEH" enbod M mERTETNS:

thgge are alterations, nodifications, pernutations,

and various substitute equivalents, which fall within

the scope of this invention. It should also 10 be

noted that foereg aplasmafipnpthesthgabve ways of

i npl ementing the nmethods and apparatuses of the

Pacoc L, Bcsbdy LURELSHRL SRR B e

alldyesfigihetddnisrases Magtainmddiafv dat te@psratur® BEIGWIAP CONS,

and various substitute equivalents as fall within the
true spirit and scope of the present invention. 8 WO
2808/ 08"27 e tRdTAUS 7 INGNY POSlaing 2vgherein the etch gas further

comprises at least one of a fluorine containing compound and a chlorine

containing compound.

4. The method, as recited in any of claims 1-3, wherein the etch gas further

comprises a noble gas.

5. The method, as recited in any of claims 1-4, wherein the etch gas has a
flow rate of noble gas, which is greater than a flow rate of the bromine containing

gas.

6. The method, as recited in any of claims 1-5, wherein the phase change
layer is one of an alloy of germanium, antimony, and tellurium and an alloy of

antimony and tellurium.



What is clainmed is: 1. A nmethod of form ng devices,
conprising: 5 providing a phase change | ayer; and

wet@hiomyed he phase change | ayer, conprising theCHEUS®S7/070795

10

15

20

of : providing an etch gas conprising a brom ne
cont ai ni ng conpound; and formng a plasma fromthe

etch gas. 10 2. The nethod, as recited in claiml1,
wherein the etching the phase change |ayer further
cdnpri dbs nredhadt ad recieyl ia angoérclainenbér brtheecdreromg@ogding
3. T@e qfthod, as reﬁite inlgg% of clains 1-2,

WHB FIECHOYHAY A oA P 8GOS 1% Gpri ses at | east one

of a fluorine containing conpound and a chl orine

cgnt ai Mihp ehetI AURGitedlid cdaim T uitRy bOflpridte bp&ikEdeleRctrode
any of clainms 1-3, wherein the etch gas further

c daypr with shessapsigirecegasf etehing e phaschddngaleyereci t ed i n

any of clainms 1-4, wherein the etch gas has a flow

rate of.,nobl.e gas, whjch is.great than. a flow.rate

of! e TBF QiR B5 re i kgl SgSlafit B MhaR Tt bRh e’ s

r e6nthi@chg ddnoyin®fs ¥BAI s 1-5, wherein the phase change

| ayer is one of an alloy of germanium antinony, and
telluriumand an alloy of antinony and tellurium 9
WED2008ho0ETEY. POF P0G HiOAD PIBIeiTa Heofres HoeRst aes of a

r %I()Eiedcdn?aigirﬁé 9 ] 8llma e aléh?OriIIeucrotnF &ing Q0L itid11ess than a
providi hg an electro e11ayer GVer the %ﬁas change

| @yerof the HBRe nethod, as recited in claim7, further
conprising opening the electrode |ayer with the sane
process of etching the phase change layer. 5 9. The
méd hod The gnethad, aeigeitesd iampy of claimg hd Oafughengesinsisigtfipshing a
bromn ont ai.ni ofe) is, HBr. 10 The met.hod
20T AR SO AL BB RR R e W e R e ER R e
Ofi@stihg femoves the passivation layer.

12. The method, as recited in any of claims 3-11, wherein a flow of the at least
one of a fluorine containing compound and a chlorine containing compound is less

than the flow of the HBr.

13. An apparatus for forming features in a phase change layer disposed,

comprising:
a plasma processing chamber, comprising:
a chamber wall forming a plasma processing chamber enclosure;

a substrate support for supporting a substrate within the plasma

processing chamber enclosure;

a pressure regulator for regulating the pressure in the plasma

processing chamber enclosure;

10



fluorine containing conpound and a chl orine containing

conpound is less than a flow of the HBr. 10 It. The
woreaokoaz76@s recited in any of clainms 1-10, furP¢BEUS2007/070795

conprising flashing a passivation |ayer created

during the etching the phase change | ayer, wherein the

flashing renoves the passivation |ayer. 12. The

net hod, as recited in any of clains 3-11, wherein a

fl ow of t heatlcajt@astlectoors fof prvidingpiwe te dretpasmanggocessing

co und and a.chl orine cantaining conpound is |ess

1 SMUTRR CPAEST &30 BHOPHE ARAT4 3. An apparat us f or

form ng features in a phase change | ayer disposed,

conpri si Ng: agaPld& T8 RHAEGESIal tht6 ARNSma S18BREINS ich8hbe

chanber wall Torm ng a plasma processing chanber

enodlosug:@nd 20 a substrate support for supporting a

substrate within the plasna processing chanber

encl osure; a pressure regul.ator for regulating the

5 preseure. | nieheo BRALGRERRERR S i FERHuP bty cpamber
16nME2908/ 002760 PCT/ US2007/ 070795 at | east one
el ectrode for providing power to the plasma processing
chanber enclosure for sustaining a plasm; a gas inlet
for pr @\gwm@ceglaéluuh@@n@ﬁ@mw%ﬂﬁ g9f dlels sorRfittEinber
encl osure; and 5 a gas outlet for exhausting gas from

h | SSi ; :
t he pl asna B%@%fﬁé%ngﬁﬂﬁﬁﬁﬁﬁxmﬁgﬁﬁfiﬁ?% a gas source

in fluid con on w gas conprising: a
brom ne contai ni ng conpound gas source; a noble gas
source; andahdbkrpastodregshdone of a fluorine
cont ai ni ng conmpound and chl ori ne containing conpound

gas source; and

10 an at least one of a fluorine containing compound and chlorine

containing compound gas source; and

a controller controllably connected to the gas source and the at least one

electrode, comprising:
at least one processor; and
15 computer readable media, comprising:

computer readable code for providing an etch gas

comprising a bromine containing compound; and

computer readable code for forming a plasma from the etch

gas.

20 14. The apparatus, as recited in claim 13, further comprising computer
readable code for providing a wafer temperature below 40° C during the forming a

plasma from the etch gas.

11



a controller controllably connected to the gas source

and the at |east one electrode, conprising: at |east
woer@spseessor; and 15 conputer readabl e nmedi aPCT/US2007/070795

conprising: conputer readable code for providing an

etch gas conprising a brom ne containing conmpound;

and conputer readable code for formng a plasnma from

the etch gas. 20 14. The apparatus, as recited in

cllai m T3¢ apparatheras cevmpd isampictampeat érl4, whadaithe buwaae

for providing a r tenperature bel ow 40 C during

tﬁ%ntgwiﬁﬁﬁ?&l@“n%@ﬁh fromthe etch gas. 11 WO

2008/ 002760 PCT/ US2007/ 070795 15. The apparatus, as

r 6l t edhk ey, 8f reclt@ ifan} 3f dimWE1 81 whdréif (R QR B further

contai ning conpound is HBr. 16. The nethod, as recited

i nompysesfat tepstions of 3 flusringwmntaning chepevwshangashldrinetcketaining

conprises at | east one of a fluorine containing

08%8% and chlorine containing 5 conpound. 12
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