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WD 2004/ 032256 PCT/ US2002/ 026552 -1 Uilizing Atomc
La er Deposition For Progranmable Device Field
wer@gnzrnabl e devi ces, including phase change PENDR3002/026552
devi ces that can be progranmed by nodifying the state
of a phase change material. 5 Background Typical
conputers, or conputer related devices, include
physical nenory, usually referred to as main nenory
or random access mam)ry (RAI\/p General I Y, RAM i's
nmenory ating Atcawig [lam¢ 108 ) VIS
Izead only mermry (RCM IS mermry that i s used 10 for
xanpl e, to store prograns that boot a conputer and
PepiopfAhing aewtdsCicluliid ke cHARED MenRP e adsi tRitan be
i ncl ude dynani c random access menory (DRAI\/D static
prograamaeshyy modidging temtiaty of SRAME, ch@m@smﬁméa progr anmabl e
read-only nmenmory (EPROM), and electrically erasable
programuabl e read-only nenory (EEPROV). Solid state
Back¥psiidy devices typically enploy m cro- eI ectroni c
circuit elements for 15 each nenory e,
f oTYPIERlSABIDEIEEY: O pRIFPWRE 1elaterd davires yn&alaﬁ? Ple%ﬂqabwmory, ‘uSually
|
referiig 6 o B BlmoEPRaRUGREQR, fefich NG, SERAREY R AM is memory
that ﬁm&m aosiplest dbd grarat alm feaéahlyaﬁembaf (RIQM 3 tsonemaryishat is used,

for e S e S e SRS Sl s
merrﬁlfg@lféa\r&ﬁq&cl @é‘&ﬁlaﬂﬁc AR dorkERERMmdn¥R| PR ANIE aﬂah@yanaom

ng gate | el'd effect transistor device fhat has
access memerxy (SR AND), prasgirle pragvirhingyle aeadl-ovly odeninsy (EPROMasnge
on .t he of field effect transi store each
electig %%ie pr‘?ﬁ‘@?én"@? wadon fmf’@ﬂ’a’rml\%s are al so
r eS@l‘idl ytﬁie)fnéhw deQichd 881N eMPRSankhRRBIErsREBiEMit elements for
devi ces use phase change materials, i.e., materials
eachtrhemonyait (6., cslede fauir rahsistorswier bitkiar m@mef@mphcag@nér ainpg one or
moree%lo o qng%uﬁgc%%p%%g%%?%i%ﬁeﬁ gﬁ tad% lrrlletmor %ESG cPeches may
consBhREBAdId&abIg ichR ‘Iryal deuml &pﬁdrekhybﬁﬂﬁhg}ﬁnaﬁommleh Emﬁlﬁ the density
Devices, Inc. of Troy, Mchigan utilizes a
of amﬁmsp@y;c}mg{ dhE arimaps nocgla\fplgge mﬁmogh@le@w qfél&qsp gﬁvmes such as an

SEn AR5 S, RSO S b el v -

us an
g@etndtﬁﬁblhty :i’rﬁlt\Mhiehl holid§ & ehage onl tﬁtemtab)ﬂ feld effectsransisioo tadtore each

e Pl hesea s BHey e B Py B AP AB ST AL 85 b progiah.

Phase change memory devices use phase change materials, i.e., materials that can be
electrically switched between a generally amorphous and a generally crystalline state, for
electronic memory application. One type of memory element originally developed by Energy
Conversion Devices, Inc. of Troy, Michigan utilizes a phase change material that can be, in
one application, electrically switched between a structural state of generally amorphous and
generally crystalline local order or between different detectable states of local order across
the entire spectrum between completely amorphous and completely crystalline states.
Typical materials suitable for such application include those utilizing various chalcogenide
elements. These electrical memory devices typically do not use field effect transistor devices
as the memory storage element, but comprise, in the electrical context, a monolithic body of

thin film chalcogenide material. As a result, very little chip real estate is required to store a
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Typical materials suitable for such application

i nclude those utilizing various chal cogenide 30
web@res2se These el ectrical nenory devi ces typPCHUB300HGR6552

not use field effect transistor devices as the nenory

storage el enent, but conprigf, in the electrical

context, a nonolithic body thin filmchal cogeni de

material. As a result, very little chip real estate is

bit oﬁlefpmnla@@n,ttbergbsopr@vaimmfoz odgrepy bk deoyitUs2OOPY olEBs 5Phe state

chang%lﬁ%iegﬁfs {]rﬂ%t nSIVt‘O)l/adr'l‘rg ﬁlgt}rBXt %&Y 'séjcl ﬁ'.%lﬂge? ctr%stallme semi-

cryst@lhﬁélgﬁldi‘plﬁcﬁfsj @1 semiaghoBd s bﬂ‘atel r¥presentinglaatdistendervatieathat value is
when set in either a crystalline, sem- cry ;&ﬁlllne
retainggainhesEosrammed g thake phtsnsesenta e @hy ey sthed thg material (e.g.
v
554 5L SR Tppd BB, homol BB kLt o s
unmﬁﬁmﬁﬁ@nﬂmﬂﬁwﬂmﬂe@&mgny 5 crystalllne or anDrphous).

phase, change nennry mat eri a resent a
éﬁ‘? ¢hagagteristic X4 faieand phrsst ﬁ%ger}ﬁﬁtsw degipgs is
; t
Slgmﬁgﬁﬁ PonEL ety MWS.1aﬂ%1?§*a§ﬁﬁ“%é‘%%f§ons§%%? Pt SRments.
Powepra:bnmmnptm 1§/ signifcent; pagcdarly emqgrgiblzq'dnvngs theubpaly on power cells

fi
(o2 ghufipne Toygps e gTRRIATE codheedod el <R fFuion af pgpemory
devieel s 10 (e.g., batteries). It would be desirable to

decrease the power consunption of a nenmory device.
Anbnoiber cmamcms@@ peminen ¢oatiststate a@@phaﬁe shange rw@plm@ag@es is

limlthF1 1;6899%1-4”3 naél% eycle rlrﬁ? %H%JZ | I o t %]Rﬁg gag Ita%e Cﬁ(ﬁjtl%r over

time ¥ $HASE cha@¥€MmatdrialiBart fai t@f&h&ﬁly&h@ﬂgﬁnﬂﬁbﬁﬂoah aﬁﬂﬂpﬁoalls land a
to reliably reprogram fromto an anorphous and a

crystallipg sigfq. i lhwogldheedesirablgin inerepse ta%gmgaaal@al?l@ cysle ﬂléea%fethe phase
le cycle |ife of the phase change
Chan%reglef%?ﬁa Egrill?lgl Brief Description O The Draw ngs
Advant ages of the invention wll becone apparent upon

. feading th ollowng 20 detailed description and
BAB@LE%%Q@E&MHG 11 Igw drawings, in which: Fig. 1is a

SCR§MHRd s dF ﬁ%rlﬁ‘@nﬁt)n Csi| %s e n%@ﬁfen@ﬁ@cﬁﬁe@&ﬁ?m@followmg

menor y mmns | Tustrates a
detaimdab@erﬁﬂmnlmdabomtdmancedpdﬂm dmawmgsf inavlgolit i on of a

sef]cgndu o gstrate havi,n ctric trenc 1
ot S eeAt SRR ot 4 S B b iy bf FEGOTY plegrents;
MERR ¥ s&%llﬂaubé‘ll}aﬁﬁgﬂfﬁ%&ow $dationg peedieRidty ¢¥fa portion of a

formng a nenory el ement on a substrate;
semiconductor substrate havmg dlelectnc trenches formed therein defining a z-direction

thickness of a memory cell in accordance with one embodiment of forming a memory
element on a substrate;

Fig. 3 depicts the structure of Fig. 2, through the same cross-sectional view, after the
introduction of dopants to form an isolation device for a memory element;

Fig. 4 depicts the structure of Fig. 3 forming trenches;

Fig. 5 depicts a schematic top view of the structure of Fig. 4;

Fig. 6 depicts a cross-section of the structure of Fig. 4 after forming contacts;

Fig. 7 depicts the structure of Fig. 6, through the same cross-sectional view, after

forming a masking material and a dielectric material;
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Fig. 3 depicts the structure of Fig. 2, through the

same cross-sectional view, after the introduction of
walopans=sé o form an isol ati on device for a men@CHUS2002/026552

el enent; Fig. 4 depicts the structure of Fig. 3

formng trenches; Fig. 5 depicts a schematic top view

of the structure of Fig. 4;'%0 Fig. 6 depicts a

cross-section of the structure of Fig. 4 after formng

c driga¥ depicts Meptrugtudepf Kigs7, though thespmesrass-spitipnalyiew, after the

through the sanme crpss:sectional. view, er formng
formafip QI ppemipE Jough Bk idocmic Posme e aiics . o

2004/ 931&6 1RGHRZOO2F i@Z@ﬁ&%uﬁh thefsahe cBosdepétiingl 4@, showing

structure of Fig. 7, through t he sanme cross-sect.i onal

the ciaation ofglerodemeonofayeree the distechic Bider the comMpSupHiZRRALD;
diel e ' ' . i i
OB e R BT Shan Bt BB SHR A ey at
confot@ly foiting g elédiode brilid dislectfic @hé oh tled@ntaenol ayer s on
the dielectric and on the cog}ract, utilizin

ALD, 5.
Fi 8- Woderags thestiopresehiiig i errppehithg sarge cm?—s‘afgﬁn%l%ew, after

Nl g .G t i.Ql i . i .
form P P O 18 B R ot o Ehor SR GE AR thO iRl
Fi Big. 12 depdgs ttesstiubimresofRigt L, éhrofighFihg sarhe croskisentighalthew, after
sa cross-sectional, view after. f ing a dielectric
Conf‘i’ri‘?lrgiﬁém@%}@ﬁ? m&nﬁwwt’f?&eautﬁgfqu&ﬁél portion of
t hﬁg?i?&éﬂiﬁg e dHubturd éf Figplﬁﬁﬁoﬁélﬁthlétsﬁxhg Efﬂsﬁséﬁctioﬁhl%f(i)ew, after

11, "t hrough the same cross-sectional view, after
formingrendrpatitiningf aprogragmatibemeaiesiol, ebatrirs and e condiéor;

utilizj ALD:  Fi 13.depjct.s the.structure of. Fi.g.

S ) BB S RS b B RS G R, aner
formir IHiBRcRIbnRBE EQdILI0E, fBrrfing ArvedHBd f@niiBE & kigahl lirk on the
~_barrier and a conductor; Fig. 14 depicts the structure
dleleef“lCFi g.f13, t hrough the same cross-sectional view,

af ter [0 N i £ ar., i N

2 bfa1s L Ahadtodl & GRS bV SRR gt hER ffter o
that fds@ribeifydRigi T4;3n& et hod of forming a nenory device

having a structure sinmlar to that described by Fig.
14Flgag@ denigfs ong syEgn em?%a@nfs%}ugiﬁg@n%@a@%bﬁvm a structure

| i : ving a structure simlar to that
Slml%ﬁ?cé{?tlb%gc%y E.gg.lg'ﬁe 20 Detail ed Description

Detailed Description

Exemplary embodiments are described with reference to specific configurations.
Those of ordinary skill in the art will appreciate that various changes and modifications can
be made while remaining within the scope of the appended claims. Additionally, well-known
elements, devices, components, circuits, process steps and the like are not set forth in detail in
order to avoid obscuring the present invention.

A memory device utilizing programmable material to determine the state of memory
elements of the device is described that reprograms to an amorphous and crystalline state.
The described memory device and method provides improved device reliability, improved
programmable cycle life and decreased power consumption relative to previous devices.
Further, in an embodiment, the apparatus is manufacturable utilizing conventional process

toolsets and facilities.
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Exenpl ary enbodi nents are described wth reference to
specific configurations. Those of ordinary skill in

wo b@4@s256M | | appreciate that various changes BEMUS2002/026552
nodi fications can be nmade while remaining within the
scope of the appended clains, Additionally, well-known
25 el ements, devices, conpdrients, circuits, process

st eps and the like are not set forth in detail in
orIdean eimbodinpéd, arb@sxpdaymrglepclrsethar(édd?l)tprpwvlemlrs@mdeﬂdewce
ry .device .utilizin
constfBR A Hee BraiotarteB Pl ATERE BePRogh it rarese se
and rb&d §jR8£I0nAA thd MahoFeRiRe! BYButilRi D REOLES 1aRE chemical vapor

crystalline state. The described nenory device and
depoﬁtlolh &ML@?@) g place ahehemdenl aremr@@p@%wra@%m {echigpgse Gleefrode
e R L

confcﬁrmaeﬂb@ﬁl T film thiknagiacaittsled by itieunusiless tof pdiied deposmon steps
utilizjing conventional process toolsets and

with pgesolutiondsfineid e Ahigamss ef prernesioiss, BogssALDdepasigan
provﬁgyg%ergggg %hﬁhﬁ%&d ﬁracgler%ﬁ.' tion (ALD) provides
el 'ecitode I on

evi ce nstruct advant ages, i ncl uding
r eFiigct sloowsof schemuiic éidgpnogf anambrglimentod aUnefrmryalmaEsemprised of

oy B BB ke B B TE L S5 5 dripion

' | 3 id with
o BERREE 3 LD cPhasEonle bR NoBOts vy

memoqndemami‘s B0 nleatmaﬂy alj@rsomeeteé i saripe oijithi lﬁtda’fum dryiee@s on a

0 thin a f [ (fil
portipy pf £ipe REERS Rads et D) Sod, SO RSBy plo. el in one
emb&ﬁﬁ‘él%ﬂ id @Jﬂerﬁﬁl%ﬁreséﬁ‘hg Blréhlfr? $i04 bériventisiel hidaferdYOrdirpose of the
hi ckness of one nonol ayer. Further, ALD deposition

Xy gqml @W}d@%mblaolgfeel@merés i1 ¢ominationrwith isolatien devieasde o ebly. cach
d1scrﬁ§ﬁ€$9\’\§rg? e}(q:eqlg 6 rrpr fegg gg@ ?’%Wffg(‘”‘% q&?ﬂ %thc&le ﬁlformatlon

store@lli@ BEBEHt B RARIK AR clb@ENR A the amla@ c ont ext of t he
description provided herein. In this e t he
ci Admmmafamwwfyasamra9rysiqu?@|5®f&ég anc ;33 pr prped jng-portion,

incllfgg‘g}felg e %ﬁ‘éﬂ %T 8’{) S.lb@ NN até/b%gf NHRLAO MRS st 1conductor

I on ev ce a portion o
substtite Buclﬂd;da’ @Bl subgigatd. 00(her gubstratos umhsl)n@ but 20 lmateg.to, substrates

rows) are connecied, in one odi nent
that GRRR SLPREC ke PF%ﬁn}crﬁléte’&%)‘ntaﬁ%sgﬂ%{Pnﬂ&ﬁ fef of g tlrestructure
are a&%rsﬁﬁg’rﬁe Ofn B %a%%f’é)éﬂgcroh%ﬂcbﬁ&u&(ﬁr SUBERAY, n@érﬁé’[?rbh%y I5itan be

mbi nation with isolation devices is to enabl e each
fabndats«t pedrenmeeaoiithesubsiate at theverferdact] andithenithe wafeniaduosst through

singRIGTL G ST et RS B 2 g By 0o haitbAlhory aray

formed thereon. Additional addressing circuitry (e.g., decoders etc.) can be formed as

known to those of skill in the art.

Figs. 2-14 illustrate an embodiment of the fabrication of representative memory
element 15 of Fig. 1. Fig. 2 depicts a portion of substrate 100 that is, for example, a
semiconductor (e.g., silicon) substrate. In this example, a P-type dopant such as boron is
introduced in portion 110. In one example, a suitable concentration of P-type dopant is on
the order of about 5x10" to 1x10%° atoms per cubic centimeter (atoms/cm’) rendering portion

110 of substrate 100 representatively P™". Overlying portion 110 of substrate 100, in this
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A menory array such as nmenory device 5 of Fig. 1 can
be fornmed in a portion, including the entire portion,
w@booa/oz2bst rate. A typical substrate includes BCT/US2002/026552

sem conductor 20 substrate such as a silicon
substrate. O her substrates including, but not [imted
to, substrates that contaim’teramic material, organic
material, or glass material as part of the

exaniphé, ispartion 120 of P-4ype epltsxiabulicanb|Te one paxanpele.the dopsnt goncentration

gluct o sub tate, nmenory array 5 can be
is onﬁf%?ﬁ 8%?%’3’ {;g(? g’nfogr%tgmsfcn} he substrate at the wafer
| ewgl 2 aRd dbpieR shilowabah iE@atGEE T dtadhes B0NGthad inddpitaxial
into discrete die or chips, sonme or all of the die or

portionil 3@ ofisnpiimafe A0 A8 il Resanye amparao el sHisearsnt discussion, STI
Addi I
StI'llCELg%SI Lﬂ n%/e m dodr{e a%ﬁ%( rl?f%\‘/)vr(;‘l {' ﬁéjth% zydll(e%ygn I{hlt%%%l 014 erﬁolgf éell with

at thisip@nt odtylfle Fldirdstionathikadss effb atkinitan celd tefirvd. ﬂabne embbdiment,
resentative nenory el emrent 15 of FI

.2 .
mem@@p?f&f%dﬁe%ﬂtr%}?fﬂso]f 5&1%# 132Berq peftarned as SéﬂPSf%lrth fe%-difection
d1meF1§1%F%Jreeater%anstﬁ5rk SR cﬂfneéﬁmg Tn atottef Qggecls 45$ Eﬁﬁ’é‘r@ms 130 serve
I's exa ~type dopant suc bdron is
to isolpterindiviciaal manmqrdlemmtslfram doe anotherasangll g assosaied ain¢mt elements

(o B AEBIYED (OmEd 1D 201 A SReBEFE PR S Habe At

{
phot&lggggﬁélﬁ}n@% | VEM%EI}E& ﬂocifah o&@g%%ggﬁegﬁfégg% f]f% £di#¥8on thickness

of msmbwsit creéltreglﬂ)ﬁi)miﬁn mﬁlﬁﬂ/@nﬁﬁ@dﬂc@j@a@@@ sizes (z-direction thickness) as
g ér 2002/ O&} 52 -5 exanple, is portion 120 of

smal TEHORAH™B) silicon. In one exanple, the dopant
c OP%E ? b n@%ﬁs‘%ﬂe sthﬁmﬁg of F%GQ fier ﬁlﬁilelaﬁgﬁéatl%g Jo%eﬁaﬁoﬂsol%hemory

al so plctssa ow trench
cell fegiwinail Bk a(uSTB 5B. swltlnm aaroésnamoryfcoﬂ megion (stragpi oeexlyang epltaXlal

por B b B e P SRR B
140 tﬁoﬁ‘F‘g roedsoge(g?@lyﬁﬁﬁﬁpfonnﬁi@b &fd ifBoditEoR vl fhestaniple, phosphorous or

a nenory cel ,W|t atthls int o
arsemh@o z caticentzatiopronc the ordﬁegéahwt 80 nﬁnrb(? y a@msrcn% dﬁigné% siligpn). In

this o pigg%%gﬁe Ig?@g? n e ysg A %ls £ ignpgdo{/rmgs% thn?,quﬁ fo%f&f@% Cgtl %gé line 20

of Figi MErOva@lyify Sadat liné Rareriab 4@ isdinfigtditioprdesicogagi, walation dev1ce 25
anot her aspect, STl structures 130 serve to jsolate

of Fign ). in@ua exarepler te ésoatiendsvies it BN aliodedprmasd ofdNwigng siligon
pOﬂ%ﬁ%gﬁ é@% ﬁ o;?a!nf goﬂc%nt? t% tﬁ?] ofdlef Ef hout i('fla%(i '16‘89foms/cmg and P-

evic In-an e substrate rrent
type@ilicoh@ofiidn 16pH{eLdopdnd gom&h&aﬁand‘mﬂhq oeder of abduz ¢6'°tte 10%°
pattern STI structu ({?es define t

aton{Re i GHBOUSETA FRIBR L1 digh s APPSR AFtFbeaersflation
strucfsﬁlinlg%i fo%esu{lﬁﬁi}”é'&aﬁlez 63%01{ Aexqoé's%élh&n bl re kPEBSHte@B, metal oxide

m crons
semiconductor (MOS) devices.

Fig. 4 depicts the structure of Fig. 3 from an xy perspective after forming trenches
190 in epitaxial portion 120 of substrate 100. Trenches 190 are formed, in this example,
orthogonal to STI structures 130. Trenches 190 define the x-direction thickness of a memory
cell. According to current photolithographic techniques, a suitable feature size for the x-
direction thickness is as small as 0.25 um. Fig. 4 also depicts memory cells 145A and 145B
separated by trenches 190, having a z-direction thickness defined by STI structures 130 and
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Fig. 3 depicts the structure of Fig. 2 after further
fabrication operations in nenory 15 cell regions 135A
w@nw40338 Wthin each nenory cell region (strP@h/ps2002/026552
overlying epitaxial portion 120 of substrate 100 is
signal line material 140. In_one exanple, signal line

material 140 is N-type dopé@'polysilicon formed by
t he introduction of, for exanple,(ghosphorous or

an x-girsetinncthickness definesiny taerichbes BW. tTHe dsfigdoned thipodiredtppghickness
. 0 1019 at [C e N SELLCOon): L. Th .

involya i e BLBERIRT ah Befle Plogh R epalling Mot memory tin
stack foRRfin@nfe@Wry télB 146 Athnd 146W dfinfenat® celd réifior135A. 1in the case of an

Overlying signal line material 140 i,s an isolation,.
etch,dbe PT(:% praseg(s thioggh the memelimestask to,dp this gxample, 4 ppripp of
e hsel at i | S i r :
condﬁl_étt%ggt § gllnatl :i]lglg %ﬁ&p%rt%lﬁ%hn&%%&(e%% Lgt%l?zeg c't:é’p%%}? gx? etfcﬁ a[]ﬁlgs 19511‘1‘[.
Follawing et pastieinimg, diyipb eopard éy inabdaded at thb(hhde dfbeath 8nch 190 to form
atogns/cn) and P- type silicon portiaqn 160 . g.
poclgis R AP RO iphh Bledgrerar o0 TS5 aomsient (e .

N*r%gg beﬁ{,&ﬁ%é}g%geﬁimm N di ode is shown, it is

e apprecl at ot her isolation 25 structures
ar Boléowing #lrd intrediictiablof po@etst Mew it tricmnhigdel, sublibs sitieon

dioxRs B g aniTeh oo B S RIS 190 e Lk e s
viewdll) tily BRh SR §daMEc BB fof SfaMpI aldhemedaesecAfcdl Rolish. Fig. 5

epitaxial portion 120 of substrate 100. Trenches 190
depiets en ko penspective of hiestrataren{diig. owithoworay cells (88, memory cells

s RSP0 TSGRl By e v O rect o

PhpigobidbpietriBPstinktire 6N Rigl 4 €Be., 4h Bripdregeketivd)dallo@gIhe ormation
for the x- direction thickness is as small as 0.

of & paplgriahiof RGPS TeaNisry MR SHLCiFSRCRtcopaBaicide (CoSi) in a
portit%ﬁ I’%g&%&@egsﬂgél tﬂo?@&gs@sﬁnﬁgg{lg @éﬁ{t@&l 1302 S%h%(ﬁﬁﬁ\%ﬂi one aspect, serves

efrine ructures 1
as a RROSRRAZOMmatedhl dIRO bHORAGIMSH peripharal circditrye@tg. addressing

. thickness defined by trenches 190. The definition of
circyifsy) o the FIEqut HRChIEs Qe <EID. i hyol ves, in one

izg%g ? 'ﬁt‘éﬁﬁ:ts tRE! stﬁIc‘ﬁP‘e LOFi6 2P %ﬁdu@ﬁoﬁ&ﬁﬁ@ékiﬁg{ 1:ﬁ|§tseria1 180.

e nenory line “stack to define nenory ce
As will HAcamembisBeaflatan masking edteniad d BO nerv85 i onasendms as ais etch stop
of ,.an etch, the etch proceeds through the ry li.ne .
for aguly e, ol prefo o SR GUOGTGN, F SHEI B ACE PgF s materil
180 & i 8lectiic AeatchfHd sudh dsisMRGn@hteide ¢NPe utilized to stop
an etch at this point. Follow ng the patterning,

N{; ggg@ & atropiepicts dicleeitic mﬂn@’ﬁ& 250 irﬂt@éldlmls@eo thegtiupture lerichickness
1 0 ; .
on k900 BAEAE 5 AR e AR B DEPLMFHR 1 on

embdllinfef ideddctideinaReinl TENB ISYO £ elinl a0tk bénBeHmEAH Bielectric material 210
~ Following the introduction of pockets 200, a

is a watstialelsctedifar by fedhced fbermad cesiducivity, «, preferably a thermal
conductivity less than ks;o,, more preferably three to 10 times less xsio,. As a general
convention, SiO; and SizNy4 have k values on the order of 1.0. Thus, in addition to SiO,,
suitable materials for dielectric material 210 include those materials that have k values less

than 1.0. Certain high temperature polymers having « values less than 1.0, include carbide

materials, Aerogel, Xerogel (k on the order of 0.1) and their derivatives.
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10 dioxide is introduced in trenches 190 to form STI
structures 132. The superior surface (as viewed) nay

wao ben/osesel anari zed with, for exanple, a PCT/US2002/026552
chem cal - mechani cal polish. Fig. 5 depicts an xz
perspective of the structure_of Fig. 4 with nenory
cells (e.g., nenory cells 145A and 145B) separated by
STl structures 130 and 132. Fi g. 6 depicts the
st FigeB lglpEwtsfthﬁthcture of Fig. 7, térpu;g;x tb%&a@;feqrwsv@ytlonal view, after

fonnn?)ééppq\ﬂﬁen%g pr o “Ri‘éferalz]IE | o aﬁ%g %eréal ?g%beécp?g;mg Contact

170. Srﬂle fbhﬁ@uc(mp%mmgm 220 maY bt iabdbn@flisBed ¥4iLs Sich b&dning with an
rtion 160 to define contact 170. Contact 170, .in one
etch%@e eqlectiye foreiching diglacisiy Taisrial A ced masking anatprial f§Q but not

contd @70 & éa% ?(;ht?oft 196 54p0eLal, d éﬂﬁ%’é)t ry (e.g., addressing

clrcuit he Cireuit structure on the chip. Fig.
7 B@J D depictsttike sttuctiot of BigoB, thrangh Ghadaner crodsesectional view, depicting

roducti on of ski.ng mat erj al .180. 0 wll
the cgBlogmal fpnehen Aot ae e Ry o giaRE ALD. LB g AN, one
reactafl £R9s $883Gceddd a@ﬁhee thﬁ 50Rs i VheRiDHRICAHR the %ﬁaﬁ:e of

operation. In one enbodi nent, a suitable material for
dlelm‘arm llﬁ)gmaraklag immkeriall 880 argl @nwcml"é(bfmmmgxﬂleansoapedslaydr 230A.

Exosip EPG PRI b4 s buelad op R Reh e itk e

chenh@or?ed PVEKIRBRS crédfing BendrofSEr & d 08RdtMmIIB080 Q'_ﬁ\.dlwdual Precursors
icient to blanket nenory cells 145A and 145B. In

are pytsed ot supfBersi imaisequentiall reanner, oviduemieing preguisgrsp O gas phase.
Each n%g@?cﬁlgrggegﬁggrt r%a&? w thlatsureil?cgegtfcj)(r: 1%11 gﬁtg{%}%? llayer m sucIsl a way that one

layecfonglsiat d thinky Th¥ AT plocesdis sellifte g elthat BNENd Ghiif¥delrigaction occurs
| ess than Ksio2, nore preferably three to 10 ti mes

and goapletRs sush. thatdi04 mgenian pne lageris ﬁ@mfﬁed & pbmggemiBrgof the
num?&v g%}gﬂlééea?){)a e g.[r?a%% i E odb. nFl?rﬂ? b%ﬂt up by

erials 1 ctric ma
introdii€ing sledrtibhersts Imﬁgesenm eyclsl £ohhafttloh’ua1\/@Vl§ prateses tylﬁsm}a&perate

abor Apfisdnpite STh rpossbld elett BCoFErRg: CRmegplEay e h fidusty

tren@@rlgg@gten%gfaqggg_ (x on the order of 0.1) and their
derivatives. WO 2004/ 032256 PCT/ US2002/ 026552 -7 Fig.

8 dbpihin sidewell ﬁlmmd@fmeeth@k-aﬁisgiiménsimhoﬂhg kletinedes(@srwrill become
Cross- view. after. formng openings 220 .
mord YRRBLACH 81 Lot P e S G AR LR PRSP BB gpion in terms of
devi€ R forMended r’@l@%axﬂ dnentd deRiiiBel G rRhuifRigb Wﬁg current for
an

may be acconpli shed usi n? etch patternl ng Wt
a resgh, 6¢tagnd(reyd epdratian. vEhefsoraller bhixmaxitilliseasionithat pan be teppatedly

reprctd]ugec? nﬁie @%ﬁi(er p%lrggﬁl?ed parl) :!il%%ng ¢ né) s n?ed%c? pf %)Cetratg:' é'le device.

serves as a
Thisde@iccioShé Halkdr Volind & pebgriinghabls mhﬁﬁ@luﬁlﬁbs‘é @ﬁaﬁaﬁfﬁemg changed

ad SSRGS S dewr et

In an embodiment, electrode material 230 (collectively 230A, 230B,..., 230N atomic
layers) has uniform film thickness, ultra-thin thickness (with respect to the x-axis dimension
depicted in Fig. 11) and is a conformal film. In an embodiment, electrode material 230 has
an x-axis dimension on the order of 10 angstroms to 1000 angstroms. In an embodiment,

electrode material 230 is at least one of tungsten (W), tungsten nitride (WN), titantum nitride
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the conformal formation of electrode material 230,
utilizing ALD. UWilizing ALD, one reactant gas is

w0 niogos2sed at a tinme. The first gas is "chem BOY/psm02/026552
onto the surface of dielectric 210, masking nmateri al
180 and contact 170 form ng chem sorped | ayer 230A. 10
Excess gas is then purged and~t he second gas
i ntroduced. This gas reacts with the chem sorped

(TiN), diymriug 30ikon aiteide (Ti§ild), mudiahtajuan nifidel€sd9i thedn pinbadiment,

230B. 1 ndiyidual precursors re t f
clectfdeaysiant P * HARREDY Sorernale SEREE b 2R

t NEIgIBE dHHIas Ehe stimaffe LV Sl thPEREMESE of @AEIraalMdrfhation of

a surface to forman atomc layer in such a wa

electende ma,tgjpé 23@.0 T he indrodctidnns confanad ipthersgpsedhat e},gctrtotc]lg gnaterial 230
is forznﬁelélfagcléﬂlgp%é 'tsﬂg Wa]—lg %}utl h%s[e oﬁgﬁe@gésfe ?{f)ﬁ(glﬁl&@%g ie?egglrg(?&%ﬁét%ﬂlﬁportions

es such

230A]ep0Biahed3aC) suchither clecody Mhieasl 230 it hecontatibéth oohtact 170. The
. nmolecules applied to the surface_in an overdosing )
isolafipriel 2 sipglesonductive ppth (eHshisy clechiedomaiera? Mg mpas i acpgmplished
I: . .0 .
o 38R U o CROMBI K2R AP ROFASETR s ot 2208
beFigw UEG;s the kirudure tafteothp atidduetion ¢fdielactrindue¢nial 250 into
tre to |l ower, tenperatures. 20. thi.n sidewal | .
openfgs 32036 Weer%l?%h@e@lgx&gﬁam @F%%ng) iy viledh G6ERs F%phst
anotifdr lehbBEH didTBefc ARRAEP50 1s™ hh@riatkfldthab Behetm@Kdchductivity, «,
I mensi on being an 1 nportant dinension in ternms of
that id €&k €i@inRs fefAEIaductivey of 8105 Kgb{mﬁ&kwﬁy tle¢etorfionases less than
the required progranm ng current for a reset, set,
Ksio,afdllowarg ioredwationythe Fimectewasd $ubjectdidoa-phatiasizatianethst romoves the
that can be repeatedly reproduced, the smaller the
horizoatpli cereponent of elestfadg nealieriad 48 Peitabdaiplerariygten teshpigees include
vice Thi S ue, t e vol. . .
s S5 e P A L A BB B A5y it ot
(CMangkchivigudso t he reduced heat loss. In an enbodi nment,
el ectrode nmateri al ZSO%é,col | ectively 230A, 230B,...,.
23big- &2 deniets theagraictye pbEigy bl thypngh thedpinp cEqsrescdional view, after
. e . A . f ot h e
the oJlibAA bl n I GRRRT il 277§ WD Ot Bldchiment,clectrode
230 fsisklertively etohahyiddd) ofivrrier 78ds nolizedra tfdlthe bre2 3@hkd,sand Garrier 275
. . an X- axié di mrensi on on the order of 10 angstrons to
15t11?&b@6‘_135‘r?§ troms. In an embodinent, electrode materi al
2300 $3 Akpib@ AR siRRBObr %ﬂgﬂﬁeu Wihe shitB@8ds8Redtohhl Hew, after
(W, ‘titaniumnitride 2004/ 032256
the f@TII5200 PAOABBEDT cosdycTir ML 0, hartiemd08yai progammable indterial 404.

The bitlegiipb e P Pat g acod et ot di R el et
tecti®bues004 tHi® exe@%l@,hcﬁé 66hing prédebdd th¥oughriagortidh sfaRbghinide

structure of g. 9 after the conpletion of conformal .
matetigl 44, bamicp 08 and conductor 410, to the exclusion of barrier 275, dielectric 210

and dielectric 250. In one embodiment, programmable material 404 is a phase change
material that has a property such that its physical state (e.g., crystalline, amorphous) can be
modified with the application of an amount of energy (e.g., electrical energy, thermal
energy). Chalcogenide materials having the general formula are known to be suitable for this
purpose. In an embodiment, chalcogenide alloys suitable as programmable material 404
include at least one element from column VI of the Periodic Table Of The Elements. In an

embodiment, Ge;Sb,Tes is utilized as programmable material 404. Other chalcogenide alloys
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el ectrode material 230. The introduction is conformal

in the sense that electrode material 230 5 is forned
w@bkonginhe side walls and base of openi ngs 220PCHORADLIONGSS2

el ectrode material portions 230A, 230B and 230C) such

that el ectrode material 230 s in contact with contact

170. The isolation of a single conductive path (such

as el ectrode material 230A) nmay be acconplished

utilizet as pegigrammallg neaderiah b dwbtde&asﬂof Itﬁbdbﬁansz(Tes,eGeTe InSbTe,

Cas iSRS 6 ST RIS oIS Pl RsaBReTh opff unGhlssons..

di Bhelet 40 indRides bidd of2 &l emhplemtaﬂmﬂmgalm&uuhmm (TiN).
embodi nent, dielectric material 250 1s silicon dioxide
Barriesfdpgervasnin Giiseprst. te iubif difsiondielresaiths volpme&f pragrammable

mateglapét}dfasnﬁl sgg%sn%{%%lal ; ﬂifnt erﬁlmi etrlgﬁ{r%ggct : 18?‘%%&)#3 %E%Bm)éle material

404 (elss, 2o edéatirodb|19). t @veatyii@bdifiet 408as sigﬁs]shrtehaaitenal@?ploozn this

Fol | owi i ntroducti on, the structure i ted to
exanaﬁwga@aﬁg P*@ﬁaltﬂ&tseizv@ﬁﬁ%%m{f{s@ss 1196+ 4 SQUWER, negﬁgoﬁ@mnn line

10 offéigﬁfeelgt S ulgléieiiiél %ﬁﬂ g%éﬂléﬂo%epﬁla&ﬁrénﬁﬁ;dhﬁéht generally

ues |n nown to those of skill
orthdgosalap tsignslioie matenaieijc(ad)lumn linke ade eatho geeh tmniomalines). Slgnal line

ST CT AR o W

the 1ﬂﬂr&i’ﬂct1§ﬁ gl 5patfeh‘an§ Qf F)E@H@il 408%@%[ o1l 1idomBRtERoN 0ahclude techniques
barrier 275 utilizing ALD. In an enbodi nent, electrode

knovaB® thesessiliedtin ¥l art. et ched, ALD of barrier 275 is

< Fin £ S i a8 o5 13 P B 2R e 447 B

condﬁb@r 41, Didctidhatchial slane, for Q}Ea‘inpi@ FiOoBRbth¥ @itabRfriRérial that is
the formati on and patternl ng of conductor 410, barrier

formg@dgn cmcmrdgpé%ﬁlﬁﬁqr@n%}yés aﬂe cgndpctor Q. Fallowing theformation,
d1ele%ﬁﬁt ?tl t?%lcﬁﬁ.% hﬁﬁﬁ%eg%h{i‘ ﬁ%édqﬂ alpmft on, %f the structure through

ographi ¢ an ues
dleleEtf&rmhtemaltLﬂe @Keléhlrmgnzﬂéﬂﬂ@& d,Saridfd’lﬂeI@hc anapartal il 8 toodontact 170.
mat eri aj arrier 4

The Blynlrbpih ortucins FBtEIek FAILTSH Abfurgaiek { U 259 parrier material 350
suchdis§! c%ﬁlﬁofﬂaﬁog HPtitadfifn Ph? L& titahfan?Rithide ('T iQyer ﬂgﬂ[ﬂbmt

progranmabl e naterial 404 I's a phase cthange naterial
introttheihg ﬂmircmqanaqgﬂaltdyus trominghartd fillisg pinydsictied viss,and planarizing are

kno%g)gtggiﬂc a1{3 l,t}'lege}ert %ﬁ#s@ocan &e% lgigaql ! iheogvsvgdglj?ional signal
line BlaRFihl 4 CPforBBE hllY }i)atfeﬁ%rf@ hlﬂ@f‘ﬁlﬁ%ﬂglﬁhﬁh&ﬂﬁ%@ﬂaﬂ €40 (e g., TOW
materials having the general fornula are known to be

line)sfomebdresubsirate ADE. B/Drrpmcmdgetor line mateeipbbldi misrars signal line material

0 S SRASP U5 B o AP B BOLFIBR S obS v

dopddnemRenieetbesuth il Bl-Khe FHliGofk eifRe tSndubidr ﬁﬁe nefdd 4 D Bdrves, in
Ge2Sh2Te5 is utilized as programTabI e material 404.

one @phely togadycedbrrfsistangs posignahing gpisries p4lkie a memory array, such as
merrf) ‘EJ 1%’%29 ﬂﬂsg‘gtggﬁghg 1. A suitable material for mirror conductor line material

414 includes an aluminum material, such as an aluminum alloy.

Fig. 15 describes a method in forming a programmable memory device, having a
structure similar to that depicted in Fig. 14, in accordance with an embodiment.
Further, as depicted in Fig. 16, a memory array such as memory device 5 (Fig. 1)

wherein the individual memory cells have a structure similar to that described with reference
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-9 utilized as programmabl e material 404 include GaSb,
I nSb, InSe, Sb2Te3, GeTe, I nSbTe, GaSeTe, SnSb2Te4,
WO aBbs225Agl nSbTe, (GeSn) SbTe, GeSb(SeTe), andPCT/US2002/026552

Te81CGel5Sh2S2. Barrier 408 includes one of, for
exanple, titanium (Ti) and tjitaniumnitride (TiN).
Barrier 408 serves, in one aspect, to inhibit
di ffusi on between the volune of progranmable 5

to Figat4enddhe a0pnyagyise dom ¢as byhaprporaied b syitablesysieny i lngne

I i al. .
embliel? s41iEin 3o BiH AHBBbH IR E 04 puf Biph Eafty ot £ na
memitey 201. aMlickdfrocdsBort T04$ /Oepoi6e andimgmadly 70 are kBingdctadl by data bus
serves as _an address line, a colum line (e

410 a I . g.,
712, adtlugpmbys; 116 and gogfrolug did Micropjogesser 1G4-stchas mStrg<Ft10M or reads
. B : |
s GEPREREPA S i SRSIAN e o BT B ey s
sign@ron contrbidgeriydd. Memaw 702 netpnts the gddabsskd mstrii€tionadretataakord to

. 410 is, for exanple, an alumnum mterial, such an
mlcramﬁ?mﬁ 04y qrigpta i Higd &w&qpr%qﬁgr g Bl R Wz%@ fo fRemory 702
by s@idfaitlah Ad@esOH Sdaesss HA87 ) @exﬁiiﬁlg‘@&t ghé &‘ﬁ% WRkE Biﬁ ﬁhta‘i)t%@ 712, and

i nclude technlques known to those skilled in the art.
sendiFigrp me¢vhogheniks sigrel st mambry E20fn gengrol Wd Aft dfO pout MDA gs utilized to

ielectric .erial 41 n .con tor 410. Dielectric
counf Pest et Spep gt Agrice LN AIESIRIGEVER 8tner "sui rabl e
matayingldidotabd bfemplfryf TR fts, GRMEcH RS 4ddvdrRdtions may be made
el ectronically isol ate conductor 410. Follow ng the, .
to the disslesebemberlimkats tyhille remaiafrigavitin shy spiny andseonceef theipvantion as
vi.a i.s fornmed, i;n.a portion of the structure through
deﬁl}ﬁdgjlye@? ?I?pce%rg;%q (ékrﬂin%ﬁ' 412, dielectric material 210, and
dielectric material 180 to contact 170. The via is
filled with conductive material 340 such as tungsten
(W and barrier material 350 such as a conbination of
titanium (Ti) and titaniumnitride (Ti N). Techni ques
for 20 introducing dielectric material 412, formng

and filling conductive vias, and planarizing are

known to those skilled in the art. The structure shown
in Fig. 14 also shows additional signal line material
414 formed and patterned to mrror that of signal |ine
material 140 (e.g., row line) forned on substrate
100. Mrror conductor line material 414 mrrors signha
line material 140 and is coupled to signal line

material 140 through the conductive via. By mrroring
a 25 doped sem conductor such as N-type silicon,
mrror conductor line material 414 serves, in one

aspect, to reduce the resistance of signal line
material 140 in a nenory array, such as nenory array
5 illustrated in Fig. 1. A suitable material for

mrror conductor line material 414 includes an

al um num material, such as an alumnumalloy. Fig. 15
describes a nethod in form ng a progranmuabl e nmenory
devi ce, having a
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30 structure simlar to that depicted in Fig. 14, in
accordance with an enbodi nent. Further, as depicted in
WO2@4/038356 a menory array such as menory devi cePGI/{§2002/026552
1) wherein the individual nmenory cells have a
Structure simlar to that described with reference WO
2004/ 032256 PCT/ US2002/ 026552 -10 to Fig. 14 and the
acconmpanyi ng text can be incorporated into a suitable
Whatdgy stagned isn one enbodi nent, system 700 i ncl udes
m croprocessor 704, input/output (1/0) port 706, and
menory 702. M croprocessor 704,1/0 port 706, and
mefrory X Qgetiiddecongiiant ed by data bus 712, address bus
716 and control bus 714. M croprocessor 704 fetches
i nst r uchorping agheleetig ons caategt: theoninshidrged op asybstrate;

sendi ng. ou : : Eenory

ead  oiogine ¥ BEnE Ep O AN GRN UG ol BN o

t he addiopss@edllydspdsitiig arelatrodaba awmlbftthe dielectric, utilizing

m croprocessor 704 on data bus 712. M croprocessor 704
atomigrlpy@ sleposiidt(MdP to menory 702 by sending out an

addr ess - mgﬁ'asb . i X data word

on datgbgﬁg@gggsggn %%%gFﬁ§%gg%§%5$§B$%P§% signal to

menory 6eRingn eadtctot tolths progdmihidie pmtdrial06 i s

utilized to 10 couple to at |east one of input device

708 and out put device 710. Having discl osed exenpl ary

erpodi '@%ﬁfthﬁ@g%liaﬁﬁg! RitBePnRiiAL i ons may be nade

to the disclosed enbodi nents while Temaining within
t he spi ddpositing adeujss, wilizingeALRyestweemthgslectreds ensthpy

o SRS 5124 L PR AR AT OB R8s

nitrideOrm ng a dielectric on a contact, the contact formed
on a substrate; 3 form ng an opening through the
di el ectric exposing the contact; 4 conformally

deposi t 4 a I e i '
PR e N e
compirises e@Hfarmall dpositifs fram Wrardghitors &C1000dRgsteons offelectrode film
_ formng a conductor to the progranmable material. 1 2.
thickppss. et hod of claim 1, further conprising: 2
depositing a barrier, utilizing ALD, between the
el ectrode and the
4. The method of claim 1, wherein conformally depositing the electrode

comprises conformally depositing at least one of tungsten (W), tungsten nitride (WN),
titanium nitride (TiN), titanium silicon nitride (TiSiN), and tantalum nitride (TaN) having
from .001 ohm-cm to .05 ohm-cm resistivity.

5. The method of claim 1, wherein forming a programmable material comprises

forming a chalcogenide memory element.

6. An apparatus comprising:
a contact on a substrate;
a dielectric on the contact, the dielectric having an opening exposing the

contact;
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3 programmabl e material, the barrier conprising at
| east one of titaniumsilicide and titanium 4
wadonos2s6 1 3. The nethod of claim 1, wherein PCT/US2002/026552

conformal |y depositing the el ectrode 2 conprises

conformal |y depositing from 10 angstrons to 1000

angstrons of electrode fil mi23 thickness. 1 4. The

met hod of claim1, wherein conformally depositing the

el ect r coeslXtroderperfomsaltyotebositeddnye walb o&iheidigdecitic gﬁ giomic layer

ope iIngsten (W, tungsten nitride (W), 3 titanium
dePO%ﬁ?I}&glebﬂTi N), titaniumsilicon nitride (TiSiN), and

t ant al WpBbtahimkbld matdiahevine@lectodis; @t . 001 ohmcmto

.05 ohmcmresistivity. 1 5. The nethod of claiml;

wher ei re fapdustagioamed byiha prRgsremablearateialconpri ses 2

form ng a chal cogeni de nenory elenent. 1 6. An

apparatus conprising: 2 a contact on a substrate; 3 a

di el ectTheCapparatisefetuim &G furtlicheordpidirg:t ri ¢ havi ng an

openi ng exposing the 4 _contact; WO 2004/032256

PCT/ USZokravier deppsited by AED, hefgjesp ﬁheo%ct@éﬁfaag ﬁhq prggrammable

eSS e G o lihon) b g e
el ectrode; and 8 a conductor forned to the

P ety . Bl hE SBEBIEHY S A B rom 1o
angsﬁﬁhy\ﬁ)efqdo%ﬁg{&gg_ rode and the progranmmable 3
t

mat eri al , e barrier conprising at |east one of

titaniumsilicide and titaniumnitride. 1 8. The

appar at of cl ai . erein rhe.electrode has. . '

¢ PF kel fhnafari T i by it HEGIEHEE hfrrahed fbybor
ohm-ERE020PShAtdas a8f (16 Aédtiole coMBriSst 1dst oRb@E tunpsten I, Bingsten

resistivity from.001 2 ohmcmto .05 ohmcm _and the

nitridg| (SN, ditniwo misride GRN titpeigey silkgem raride (Rigaiiy qng fgutatum nitride
(TaNbungsten 3 nitride (W), titaniumnitride (TiN),
itaniumsilicon nitride (TiSIN), and tantalumnitride
4 (TaN).

10.  The apparatus of claim 6, wherein the programmable material comprises a

chalcogenide memory element.

11. A system comprising:

a microprocessor;

an input/output (/O) port; and

a memory including a contact on a substrate and a dielectric on the contact, the
dielectric having an opening exposing the contact, an electrode conformally deposited on a
wall of the dielectric by atomic layer deposition (ALD), a programmable material on the
electrode, and a conductor formed to the programmable material; and

wherein the microprocessor, the I/O port, and the memory are connected by a

data bus, an address bus and a control bus.



1 10. The apparatus of claim®6, wherein the

progranmabl e material conprises a 2 chal cogeni de
woreem0s2266 ement . 1 11. A system conprising: 2P@EI/US2002/026552

m croprocessor; 3 an input/output (1/0) port; and 4 a

menory including a contact qn a substrate and a

dielectric on the contact, Re 5 dielectric havi ng an

openi hg exposi ng the contact an el ectrode conformally
debb3|tlhbﬁﬂﬁﬂanQMQﬂ1Joﬁﬂﬂﬁé0@mpn@ngr|c by atomic

| ayer depostl Lan (oD ari BLRALATIEALS:BLRA bRl S fkobiifiie

mateﬁéloﬁew|c6mWElﬁE lafleastand oBtihRmEkilicidb@nd titanium nitride.
m cr opr ocessor e /O port, and the nmenory are

connected by a 9 data bus, an address bus and a

o O AR PR P om0

angmhah£UEand@gaﬁnﬁed by ALD, between the el ectrode and
the programmable 3 material, the barrier conprising
at | east one of titaniumsilicide and titanium
nijqid vk iy Rfin §leBirbde NEFRIsAvitP fom .001 ohm-
eI%ﬂtrggh a%mh Fi1m P%%thé%sefron118 2 angs¥#%n§ to
cm td @6 @nangs tudtis elettrade coiygissy st least ofie of tangstdl (Wivvemgsien nitride

he el ectr S,.a resi.stivi. 0
V) B A e Re BT &@%&%@ 20 e yfidegdan.
tungsten (W, tungsten nitride 3 (WN), titanium
nitride (TiN), titaniumsilicon nitride (TiSIN), and -
t akfi.al uRheystentel (laiany 1, wheres theThegraysnabin watetRgompLises a

in the ranmabl e material conprises a 2
chaloOgg G strons BsBRAy ol erent.




