WD 03/073511 PCT/ US02/ 05534 DUAL TRENCH | SOLATI ON FOR A PHASE- CHANGE
MEMORY CELL AND METHOD OF MAKI NG SAME BACKGROUND OF THE | NVENTI ON Fi el d of
t he | nvenvioas/oT3se1 present invention relates to a phase- chagasieoassy
device. More particularly, the present invention relates isolation of the

menory devi ce. articular, the present_ i nventlon relates to a
phase- change memi?‘g EFMH/\JW Q&m E-CHANGE NEMORY,CEbL of

Rel ated Art As microelectr M@ﬁk@gm@rﬁm& the need has arisen
for new data retention schenes. One such data retention schene is the

chal cogeni de phase-change technol ogy. Typically, a phase-change menory
devi ce i ncl d r f”l‘?ﬁff ﬂﬁﬁo known as a "matchstick". The | ower
el ectrode Mrgﬂ-mﬂm}‘—v a metal conpound such as a metal
nitride. ORieldlofitHedneentioh f or m ng a | ower el ectrode |n a phase-change
menory cell is I nk the

no 109 MG easi ng
cross-tal ki ng béﬁ%@ﬁenémém}’é’ﬂ %@tﬁ%?ofp %elvwha%e %’B?] %rﬂlﬂnge menory cel | .
After the f;ﬁftféﬁlatl?ﬂh@ﬁres’tnfﬂ@ﬁﬁ%n rélates iseliixinr i e mémwelxpaseln panicalat,i ve area,
a conformal introductjon. of r e ectrode n&terlal I S.r L%lred Lower
Gl ot r ode. R RPIeR) MVESOR HAtESP PyPRaRE OIS CRTROT Y P eoRHBRIPI T
sem conductgipxe material such as poI ycrystalline silicon, netal, or netal
conpound. The conformal introduction of lower electrode material that is
pol ycr yst alReseription of Related Art o| | ow conventional introduction techniques

known to those ski Aukx%aeé&bnm@crﬁbfogy BfgHdied dhe RRAThERAriskR R meW@RASI t1 0N (CVD)

techni ques. Thereafter, a ant s introduced into the pol ycrystalline
si | i con t o reidjptipstschenkes. QGSF idgtatrgtention seheaneds e chalcegsnidg Rhasechtngeesi st i vi ty

of the Mt qEdifibrogt® FIHidafDl SHriRaN e,ﬁe @rgﬁfelx&ﬁémé%pﬁgaeﬁaw&oaé af3gr on

i nt roduced tlon I con an opant, a silicidation
process i s knewuias @timatchstick’: 'ﬁlescnwetrcledeochfmayl‘w piomzéncomlmlmr@enetaihl S

process typicall a dopin a first anneal, a wet strip, and a second
anneal . Af tcé’P‘pB?%dpé’Fh%Soplﬁﬁhgngefl Il into the trench, a planarization step

Is required to Oxensbazllangengf foriing o uvweer elecrque iremnphasé-change imemery eellector ode.
rg\?\éfay :Lts'l-laalg&ﬁﬁ?lgwea‘fvﬁi? &%&lﬂ%ﬁgﬁ%ﬁ%asigg C}OQE_ dllljgcl()acQWleerr]ltaogl\?enprgé’x;[ul)r? n of the
cell and a neighboring memory cell.
After the formation of a recess in a substrate that exposes an active area, a
conformal introduction of lower electrode material is required. Lower electrode material
is typically any electrically conductive or semiconductive material such as
polycrystalline silicon, metal, or metal compound. The conformal introduction of lower
electrode material that is polycrystalline silicon may follow conventional introduction
techniques known to those skilled in the art including chemical vapor deposition (CVD)
techniques. Thereafter, a dopant is introduced into the polycrystalline silicon to adjust
the resistivity, in one aspect, to lower the resistivity of the material. A suitable dopant is
a P-typed dopant such as boron introduced. From the combination of polysilicon and
dopant, a silicidation process is required to form a silicide of the lower electrode. This
process typically is a doping, a first anneal, a wet strip, and a second anneal.
After proper doping and fill into the trench, a planarization step is required to
remove any horizontal component of the lower electrode. Thereafter, a modifier
material must be introduced into a portion of the lower electrode material to combine
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WD 03/ 073511 PCT/ USO02/ 05534 and/or react with the | ower el ectrode materi al
near the top to forma different material. The fornmation of a different
mat eri al wibgg/opssepares the top of the matchstick to form peaiusabbss3ohm c
contact with the phase-change material. The nodifier is introduced to

rai se the |ocal resistance of the |ower electrode material. By nmodifying a
portion of andfer repcsweth the lower @lerirodeimateriai neag the tapdg form a4ifferent mitenal. g f i ed

portion Wh@?%rgﬁﬁ‘gm&% diI AUsfertal QISHBQ'P&XQ (A8 tdpRSreid Matchsticlofo Bl gher

resistivity, wer el ectrode may no provide sufficiently suitable

ohm ¢ cont auitablecahmie porttdve with eerphasecchangsapateripd Themodifigiis intgpuged ey v
material fqr. L | i ' S L YL RG: Ial may
e <1 nt 1 od (e KR4 FfluRRE L GRINEA eleb Bl A OB molRinE X pliioNB! B 2
surface of 16wer eleomede mabrialthowsistivityrat thatmpdifed portionwmay b¢ ehengasde of

pol ycrystal]ine silicon. may have lycr i | exposed
surface anﬁeﬁa%a\em‘ﬁglwaﬁrf%s Ozfi? glagﬁgre%%ﬁtl) I@%lo%ekgﬁ%(bggg%a rLghrface.
Addi t i onal lpyovidesuffici¢ntlyBiieableedhmicemsitacbisetaetiable owepeleatende and the selume
contam nati gn between .t he chal cogepi de terial and.the | ower. el ectrode.
BRI EF DESCRf FPIeRY '@F‘eﬁﬂg"’d&%‘ﬁc&l’ iSRG (Y SuFth Gises, ISFURRPERA TR B ¢ he
above reci tigehdabel iflohiRe 1ovevéaeimage s adfepthiRlow thy exposedsuaface sfihelowed, a nore
particul ar description of the inventjon bri eflﬁ descri be above will be

. des
rendered bylecEpds: dior example gdowyer electEodsf PR Staling SIHEAN May haye ar e

illustrate o.ly??;saﬁin@ Qﬂi@&dﬁ%@éx?weﬁ Q8rfack/af@h floaifpihg thateial at b ABSE belodWi ngs

depi ct onl I cal enbodi nents of the invention that are not necessarily
drawn t o sdbed expased surfacen ddditiopalyebasrier maseripds BB bf added do PEVERECIOPTri t i ng of
its scope, thg f.k ' Whe LhalSed6&Chi fe 1&¥Rletig]. W t h addi ti onal
speci fici tyctoan '@é?‘gﬁ&?ﬂ]rougm the Use t%?ﬂfaﬁd; gccorrf;'anyi ng drawings in
which: Figure 1 is a schematic diagramof an array of nmenory el enents
accor di ng tBREGF DESGRIPEION O THEDRA /u-_ln_ on; Figure 2 schematically
Tustrates a CioseSRaihOBHneP ANt b dovkieie indolial AfhgeObf e

sem conduct or su aving a tirst shallow trench isolation (STI)
structure ifentienare obtinedcimaere partitularedeseriptian of @e inventianbriefly desasbesd of a
menory cell_.in a r ] Qpﬂqi R &My on; Figure 3
is a top pIafl;l’(r)lvevvlvfeﬁvc\t/’%or ﬁéﬁ%%ﬁ%%@?%&ﬁtﬂ?o the gﬁrggtesﬁﬁaigﬁ\@%lo%; Figure 4a is
an el evat i dhadtrated drs the appendaihdrawiags. @inderdsanding that these diypingstdegict onlyi gure 3; 2

typical embodiments of the invention that are not necessarily drawn to scale and are not

therefore to be considered to be limiting of its scope, the invention will be described and
explained with additional speciﬁcity and detail through the use of the accompanying
drawings in which:

Figure 1 is a schematic diagram of an array of memory elements according to an
embodiment of the invention;

Figure 2 schematically illustrates a cross-sectional planar side view of a portion
of a semiconductor substrate having a first shallow trench isolation (STI) structure
formed in trenches that define a z-direction thickness of a memory cell in accordance
with one embodiment of the invention;

Figure 3 is a top plan view of one embodiment of the present invention;

Figure 4a is an elevational cross-section view of the structure depicted in Figure



WO 03/073511 PCT/ US02/ 05534 Figure 4b is an el evational cross-section view
of the structure depicted in Figure 4a after further processing; Figure 4c
is an el ewatosomslil cr oss-section view of the structure depipctracho2/nssBs gur e
4b after further processing; Figure 5 is an elevational oblique view of the
structure depicted in Figure 4c after further processing that illustrates
sel ect ed st ruct Figuze 4lEisgp elevationghsrassispetion viey- of fhestgicturs depictedsn Figugs oss
cross-sect !49Qﬁérf¥11d?eﬁlgrcﬁ£stsﬁl ;the introduction of dopants to forma diode
stack portion of a nenory Cell structure in accordance with one enbodi nent
of the inventi oRiguFé 4eisen Elesational arese-seation ¥iewraf thsf suurgre dep@tediin Bigutehe

i ntroducti | ll;rask'n . material over the nenory cell structure in
accordancegt\?’viaﬁ%r oneergf%gsglmﬁént of the invention; Figure 8 shows a
schematic top vFipores$ isdelenatemnt obliguofiewiof thestrictareslepidied gn Figurednot her
enbodi nent gof th resent jnvention in ich the second trench etch renpves
a signifi @g‘ﬁftftuﬂﬁ?g?f‘&?ﬁsslﬂ% tbﬂéﬁfshtﬁ selqggﬁ?%% ®nch isolation structure. :
Figure 9 shows Fiparées shisisithestaicture oFigurSS iri crossicasss-saiohal vieal, aftérake  af t er

the patterning of the x-directign. thickness of the sem conductor substrate
struct ure, RFRAiCHogofdopagts tg form %@e‘éﬁﬁﬁ%%?f’mp?&ﬁ%ﬁ‘ema‘[wﬁp "% dYonal to the

first STl Skéoidnbé Rith Ghebhtsoaiiers BOWE idvBiont  uct ure of Figure 9, through the
same cross-sectional view, after the filli ngqlo,f t he ,secfond STl trench in

accor dance wi t hFigwee st thestruchyre effdsurs 6 olterithomrogucyon of amaskenga t op pl an
view of the, sl Y6l it hifiirg tafsthRnid BUEGrddicdivits bne dhddRhérnt 8f then t hat _
illustrates the double trenhch aspect of the present invention; Figure 12 is
an el evati omeehu@bl i que vi ew of sel ected structures of the inventive nenory
device after pl ' [y <oFd [ LT [ fbhd que vi ew
of selected str S@?‘E& ggﬁdg%%%gé%\?%%ﬁfq\vléf%g%ory gt?@ea?%gérdp?énari zation
and sal i ci dabthergmbedigneneofitie plesensinvérdios i which the sefonditiehdret¢h igmpeesd or
Figure 12 aft further rocessino. to, f cer material and a
dielectric S@f%rbcf’?tﬁomvﬁnmﬂge t?rgtcsg@so“?ﬁ%n?h lsg%gnl%?%tfuga %5 to the reducer

material ; 3 WO Fiude 3 SHdwsRhE $thistird OF5@de 8, in cross-sectional view, after the

patterning of the x-direction thickness of the semiconductor substrate structure, the

formation of a second STI trench that is orthogonal to the first STI structure;

Figure 10 shows the structure of Figure 9, through the same cross-sectional view,
after the filling of the second STI trench in accordance with one embodiment of the
invention;

Figure 11 is a top plan view of the structure depicted in Figure 10 after
planarization that illustrates the double trench aspect of the present invention;

Figure 12 is an elevational oblique view of selected structures of the inventive
memory device after planarization;

Figure 13 is another elevational oblique view of selected structures of the
inventive memory device after planarization and salicidation;

Figure 14 shows the structure of either Figure 5 or Figure 12 after further
processing to form a reducer material and a dielectric material with a recess that

communicates to the reducer material;



Figure 15 shows the structure of Figure 14, through the sane
cross-sectional view, after the introduction of an el ectrode material over
t he strucworee/orssiaccordance with one enbodi nent of the i meartSonnss3Fi gure
16 shows the structure of Figure 15, through the sane cross-sectional
view, after fill of the recess and fer tion; ur.e 7 shows the
structure of Fi giguge1xsh Wr"@ﬁf@‘ﬁ“!’??é’ﬂ: g‘*@é‘%“@ ‘E?a&?&ﬂr(’ssg after t he
i ntroduct i QRwohfidr MOIntEBucBbn FEAISEU0E BhteAAl oREYthstAREANTh REoeHGE Mth OVer
the structure, in accordance with one enbodi nent of the invention; Figure
18 shows tmesmqucbmgmef&femegmre 17, through the sane cross-secti onal
view, after theg Figh 06 Ul s HuctiREof 8 Eheps, mrsugiﬁhégmlcr&\seéctlbh@ second
conductor and a Ird conductor coupled to the first conductor in

accor dance waw, laftenfilbofisbelieness anddfter planarizaemit i on; and Figure 19 shows a
gr aphi cal repregenta f ﬁ%’ a | WoE_ Ot phase
change menory nat rfa?%r\?% tﬂeefsr%luu%g?f {gfﬁréﬁéhn Sa\l& 6%|§T IOE?ED

DESCRI PTI OVieoF, aftkitthé Wﬁuﬂatlﬁmofﬂtmolumweﬁmemorymtqiaésnda)seaonﬂmwdgcmevi ce that

is used vvith ase- change rial, to DY | storage. The device
uses a | one}® etpﬁé‘ﬂcfﬂﬁ% ‘?rﬁ(icgﬁ%f’%ﬁe Vf‘hh‘fne'eg’gegngmaof elP ge%glgna "mat chsti ck".
Beneath the mat @igire 28 shcﬁvsdh@mcﬁteasfmglse pt, ahtbn@\dhds msan@&qrossatationdle | ower

el ectrode. A first |solat|on is for ond

5ol at L on tHh el haTEORAGRAl P GbCTG A E Rl 1 ST SgBisr E¥ he f 1 st

i sol ation tehiehedhduckbrecoupél fo thefiREEdnator ifi abcdEddRct Witesn édibodithadof Gk ack
portion of the nmenory cell structure, and a vol ume of phase change nenory
mat eri al |s}n‘(ﬁn§9‘b§é@i above the matchstick. Either a high resistivity netal
conpound nmay ber&%ﬂ 193hdviG graphis alebegénweﬁofwm@aaelréssmhgaoaun@@f@ound may
be used. The fol 0w ng descri pt| on I ncludes terns, such as upper, |ower,
first, secmhdseoémemmH‘ateelal}gmgftcﬂ’eg@wfbmd\}enﬂpurposes only and are
not to be construed as limting. The enbodi nents of an apparatus or
article of the present |nvent| on descrl bed herein can be nanufactured,
used, or sIDEE : ENTHANor i ent ati on. Reference will
nowbe made to edr er d wth
i ke reference ng’ nve |’g§"“s"'¥vﬂﬁ ]%&gdjg d%?l [hﬁth%L}r?% Vﬁ”&%ﬁ%ﬁ"@m&gﬁ
present inue MamnaMataquﬁmel y{:he téndce ﬂesaa/\iowgseleaunldel dmd:nhlethanmeﬁmd

glc%g [Jg(r)rrzr}a B :5t§ g&? prrngtgt?srtlltcl?’l: Il?eneatl? theI nttc%gtlcq(t eglo(c‘itle Etgé‘l( 18 prov\ﬁod 90 ac va e

lower electrode. A first isolation trench is formed, followed by a second isolation trench.

The second isolation trench is orthogonal to the first isolation trench. The lower
electrode is formed over the diode stack portion of the memory cell structure, and a
volume of phase change memory material is disposed above the matchstick. Either a
high resistivity metal compound may be used as the lower electrode, or a polysilicon
compound may be used.

The following description includes terms, such as upper, lower, first, second, etc.
that are used for descriptive purposes only and are not to be construed as limiting. The
embodiments of an apparatus or article of the present invention described herein can be
manufactured, used, or shipped in a number of positions and orientation. Reference will
now be made to the drawings wherein like structures will be provided with like reference
designations. In order to show the structures of the present invention most clearly, the
drawings included herein are diagrammatic representations of integrated circuit
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structures. Thus, the actual appearance of the fabricated structures, for
exanple in a photom crograph, nay appear different while still

i ncor por aworg/ovdsel essenti al structures of the present i nveamrus2/03#+ eover,
the draw ngs show only the structures necessary to understand the present

I nvention. Additional structures known in the art have not been included
to mai nt ai Atreasies Thys;, thy agmakappeasangarhie fabrryer %r“ft“é‘ﬁo& ’5‘“@2 Bfati c di agram
of an embodj HRYRY, fROpefatiflg Meléshii turgEmory

el enent s p?esent e%ﬁd Tor r%ﬁlﬁégwe&?gﬁ?gxtgrgg thge mven%l%égﬁdc In this
exanpl e, t kétheiprasentinvehtionelviorepver the dravingsshei ealyahe diucBiesaeeassaneifor y

el ement 30 u%e?&r{d' tﬁea#e%n{ &Lﬁftﬁ)ﬂnﬂ i étﬁcl??ers 'kﬁéwantthe hﬁgﬁ 895&99\“ ce 25
on a portion of a chip. Ad nes ., colums (e.g.,
rows) are déwhriedtoadainiain thoelavtylof therdeawingst o ext ernal addressing circuitry in
a manner known to those skilled . array of
menory el ements%fg?‘f %b"‘”ﬁét“%eﬁanﬁg’ emb%igx&?%gga%e%&% aﬁgﬁabl e each
discrete neampxyseebemmmmpothﬁemmdleamts presetrimhnvlnfommdhn thetcemtéxtrof thg wi t h

the information s&gred i n adjacent, renot e Wﬁ@‘ enents, of the array.
A mermory. adPEyIdy e i Saneig s PR 1 e SO RSO el L ng

the entire eRafehi WhlechicaBy frkicdnnadied inferiespithdbolivnsieviaé 25 bmea pordes ofa
sem conduct or substrate such as a siljcon substrate. CIher substrates

i ncl udi ng, chipt Addtess lings 1@ -8 ocolwpsa apdA0LE 8 FOWS) 2peFRPRECHBOLfi ¢ nateri al ,

organi ¢ Mtegihb@inentOfo dttepid adbRink 3lrcid®y RAd thariher kdbvnl B kHo3S Skt it iR ar e al so
suitable. I'n the case of a silicon sem conductor substrate, nmenory array 5

may be faliri €xepurpeseert thaarsy of memopyfleraansdn cambination; with isplatian deyicey  and
then the wafgr, gqi%/eéaﬁ dlsﬁl%fégﬁ rggreﬁie&hoﬁ RALAL WARed wﬁﬁbu@m&feﬁhgme or

chi ps, sone or aV| ng a nenory array formed
t her eon. Adus infopmationsthaedbinsidjagens prmmOterryem lements ehthe arrayrpl i fi er s,

decmurs. 1 by TR o35 RN g LBt i o

repr esent attha/murﬁqrmuign, ef esubsttratél 5A gfpicaFsubsirate mcladmsahmnducmraubsaas

enbodi nent s (e 2 0 I.on S rate,.100 or
exanpl e, SE%I}ﬁS?f‘cf'HEfBBf‘@‘r‘“é%b@?@éi“i’mﬁ‘?? lgﬂ‘é&%tt%tcfw mtlted to t{/%%s tH%tpant
such as bOfc@ﬂtainScetaﬂiid’ matefigldorgimiamaeafl, aragldsk ﬁmei:mspwmonelmmmp a
sui tabl e concent L@hl on of P-t Plage dopant i S#Se order of abov

5x1019- 1x 10502150 YHeblgeln the gase.0 WPﬁ%‘P‘é? “E%?f ‘}"t“r‘réﬁ‘e‘?%ha‘é?yi@‘a&eep

portion 11Geqhbribtbd bVedf arkRBf the @m&aemhe wefey levél and Deatheywater 9efe portion
110 of substrate 100, in this exanp is an epitaxjal portion 120 of

P-type epi tradicad thequgh siggulation IB‘ﬁéhSésé"ﬁhdd? er chinsesoms A At of B iR CaPS on i n

epi taxi al  Jaying a memory array formed thereon. Additional addressing circuitry such as sense

amplifiers, decoders, etc. may be formed in a similar fashion as known to those of skill
in the art.

Figures 2-18 illustrate the fabrication of representative memory element 15 of
Figure 1 according to various embodiments. Figure 2 shows a portion of substrate 100
that is, for example, a semiconductor substrate. In one embodiment, a P-type dopant
such as boron is introduced in a deep portion 110. In one example, a suitable
concentration of P-type dopant is on the order of above 5x10"-1x10?° atoms per cubic
centimeters (atoms/cm’) rendering deep portion 110 of substrate 100 representatively
P™. Overlying deep portion 110 of substrate 100, in this example, is an epitaxial portion
120 of P-type epitaxial silicon. In one example, the dopant concentration in epitaxial

5



WO 03/073511 PCT/ US02/ 05534 portion 120 is on the order of about 1016-1017
atons/ cnB. The introduction and formation of epitaxial portion 120 as
P-type, awoodeegsiportion 110 as a P++ type portion nmay fedrasor/esbni ques

known to those of skill in the art. Figure 2 also illustrates the
formation of a signal line material, 140 by ion inplantatjon 50 a preferred
dept h. Ot heertioartB38 i anhe ardenpfrabens 10110y atomasiony ¢ (The durodpetiongad  he pas

por ti on ang,tngfoditaxl ;ﬁu’rt_ionloﬁbta% Pﬂyﬂ@%d&e#g&@loﬁﬁl(ﬁiﬁh O0YHE poriéhe art.

One exanple is a non-epitaxial wafer. Figure 2 also shows first shallow
trench i solmayifollow &Fhniques knewntochose 9Hskilh el artnFigursi % alse ilpstigtss theon 120 of

substrate 1uaubh bP4 sigfdh ifd HHEHHIA0 b} A ilBHnbiof /4 Eitkeitbd deplh Q@SS st ance

of a hard na as a silicon'nitrrde material. gure 3 1s a top
pl an vi ew enfbodinizststit do hOMse brusturgsssuctess thaB+-oportion endthelP epitakial 24 over bot h

first STI structures 130 a har. Kk ks first

bl anket derPcS’E[fOt“éﬁaygﬁd’s? i pa otwgrlﬁ(tah. : e%%ﬁﬁ%%&%ﬁ%&ﬁéﬁgﬁyed during a
second et ch t hatFiguge 2alkdstgomn dirst SknllbivrtehctSiolatian (STDtstmesred 380 formedain

t wo- process etcgh, sec k 124 i s. erned o 0gon to first STI

st ruct ures ?W‘%Wﬁ‘%ﬁ%"ﬂ%\i’sm"' bWe%f‘ggﬁ}rskg%"ﬁf L&{]T%O\’/ﬁa%&frﬂ d with ﬁ‘ﬁs. Fi gure
ga iskan eLa@M@ﬁﬂﬁ@Bﬁh h&rt @Sk $EZ|3§uicﬁ)Hs Néiﬁéﬁn@nﬁﬂiﬂ&ﬁna&ﬁﬁlﬁ@ﬁgﬁr@ 3depioptpbs id n Figure
, taken through the section line A-A". Seco S 24 i s icted as

prot ect i ng “eW PeypyFa HEAMGT pattemingita seopf M ?%VB’F&‘?LE@%Sgﬁ&a‘FB‘Eé st acks.
Figure 4b igoafd fr8 Ykl P8!Secéildansk 324 IsifREt bYAnkYY depositb@ark thetfautedlepi ct ed
in Figure 3, taken along the line B-B durin an etch to_renmpve hard nmask

122. Wher e Yeapns maskd 24 isemploygd dpsing arscendcichdhatds orthogepal i Hd, the etch
may renove s@ruptg{%eg h 80! d]?l{aittgh-r &es%@kch%e'&b’rﬂﬂiﬁsﬁ%&%opa%@@oﬂﬂ% byPiFflst Y an

oxi de. Such etch con are known in the art. Figure 4c is an
el evati onl SFlegscteres 130witlywhaymay belone fawurr vidte(Idfepiddy sipt.-n Fi gure 4b after

further processiﬁ Jfﬁ%g%q%\/%lﬁgﬁéngpcrgg@%/&ln vwg'ftﬁé Smm%%%ﬁ?]‘%%}ﬁu silicon

etch is carrie sanme patterning of secon he etch
reci pe i s sklaken ttveughitie dectiondint e AbxSedendinaski 1”24 tis &Pictesitas podtestinga 130.

Fol | ow ng the tterning and si.licon,etchi type. d n .
i ntroduced rﬁgloﬁ)ﬁgg %%@’e?c ¢ gglélﬁahltye%g%osﬁ?%&? &(;erq%%%cﬁlgﬁge 8aﬁﬁl§€‘1¥ lﬁgsa dopant
concent r at | @oss@ectioh &iedr efahe @fucabeodepicled IBFikG223, adkemslongithe 1iAé BB’ dukieg Si | i con

tch, ide is filled into t t nd | 1. t h
(SST) St r UCHARLD rsova BardapaeRI2 TSR RTITEEss 127 RTINS P ich P Bbod mont

the structiifis, e QcismBp feaitive alpbitioh of fisdSTLEdEuRE a8@Whch isagsicdlan Figure 5
is an el evational oblique view of selected structures of the inventive

merory devi ®dde- 1Sych siplcdisiont #rekpown oGt on of first STI structure 130
has preceded t herifiedREd M EIhtionPérosd-dedGdn Wil dBehe structure depicted in Figure

4b after further processing. Following the removal etch of hard mask 122, a silicon etch

is carried out with the same patterning of second mask 124. The etch recipe is selective

to leave the oxide of first STI structures 130. Following the patterning and silicon '
etching, N-type dopant may be introduced at the base of each recess to form pockets 200
having a dopant concentration on the order of about 10'%-10% atoms/cm’.

After the silicon etch, oxide is filled into the recesses to form second shallow
trench (SST) structures 132 as depicted in Figure 5 although in this embodiment, the
structures are substantially filled quadrialateral recesses. Figure 5 is an elevational
oblique view of selected structures of the inventive memory device. In this embodiment,
formation of first STI structure 130 has preceded the formation of SST structure 132.
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6 WO 03/073511 PCT/ US02/ 05534 First STl structure 130 is substantially
continuous at the upper surface. SST structure 132 is substantially

di scont i rwows/oscause of the silicon etch that |eft the orcdasomoz=sd al of
first STI structure 130. Thus, SST structure 132 conprises an intermttent

upper surface shallow trench isolation structure d\iﬁfpos d in the second
trench, andimiYEstrestyre 139 jsubsiantial pepntnpays Atle UBPEE SHTACkUORE STHSPES sur f ace

shal | ow trqnsh shﬁ%rﬁﬁilf&sc%ﬁﬁfg@ub‘ B;@caus‘iiio? Bﬁ%ﬁgoﬁ Bich Iﬁgt fekt'tRd olideomBrial Fi gure 5

also illustrates torndation of an 1solation device 25 that is a portion of a
di ode st aclof first SThstiuomredidPi dbus §STsEvaiere d3HcanpriseHAEinteHRITER UPPEIN- t ype

silicon porti . tin GRNG reat order of
about 1017-8313%3 S%%@%B#@%lsg%mp@? tygeedi%f&?%aclgn poﬁh}itﬁhﬁrggn fﬁrg% 1k’]rrgrlay have a
dopant concendturatl Bdcompriseh@cantideous uppeaisurface shadloy-tepoh isplatersytma®re Al t hough a
PN di ode is.shO\é\m E‘Lse] i%g acthi on device 25, it is to be appreciated that

ot her i sol P84 g‘f g %re sinilarl y suitable. Such isolation devices

i ncl ude, but ar Gignats dlsdillusttes dormiiih ofeaniisdaion devien2 thatieh lposion utd ure 134

is depicted, that includes the_epitaxi rtion.120 of P-type epitaxial
silicon, sidipfgstack Jeolatg V’QF% i‘ﬁ des %EILIQPO%F%W? Pgﬁ'%ﬂé‘:ﬁﬁ pf’ﬁlggm Si
portion 16050 fha0REPhave@elopar e8icefteatiah n e o onatsbua s’ 107 monsomye@Tet ry
that defines the nenory cell. For exapple, a first feature, _F1 may define
an edge of RrRbfilicangiortiond 60 that may havsp dopant cengapiration o the orges of aboputiat i he g

first edge 19@ofPtiymPém¥ | A1fHoushld PNiJdE ¢ sHb®n d3Relatiord dvicd 25 Sigis4s Be F3 may
define a second edge geonetry of nenory cell structure 134. Finally, a

fourth featappesiaed thangtherdsalation suctergearg sisiatly juisblesSychiisplaiengedices; 35 \her e
the first quu&e@RQ.ﬁ: ot RinttEED, MO (ﬁéggg.aﬂ}ﬂeﬂiow cefGHAtrel 138 Ys dBBIteRC

designated as 2 n any event, t Irst through fourth features, when
defi ned i n thatirebtdentha kepitaxiat portipn) I2Gefi Patypeiepitagiaksikigeat sighah ling wageridleat ur e

squared (4F 36 %ml ructures it can be seen that a
proj ection 1(2#)’ %&g Si?ét%?ﬁ}lébs ra igl'?ﬁ%&?%"v@’t ive unit cell of the nenory

i sol ation. In tRAemgmeyeel faatuwenby bedefmedianduinmimume gesmetgothattdefinessher uct ur e
has been achi eved, that acts to isolate th | ode stagck o ry cell
structure 1’@%“‘?%C§1'Iﬁr8’f¥@é?’iagﬁ§t f%@“rg’ Iﬁi“?t”?ﬁﬁ'ée %edg%o %lgrg{)ry@ol n this
enbodi ment ,suactuRdBseA sBEhE féatire, 5 Gnaf defne Higludge Gdonemsy of ditst §8T  been f or ned,
and planari zati ori first STI structure

SN W RO S e e R (R
cel | structshgurbd44] Binhih) b 36 i8th BMtuR, BiGhb Rfihé S0€dEe pe@NdtyIIfISSTisgtctuiehe
| kel T hood 103f2. %&h%?esthtt: ?lll'st( an%esgg\cﬁl?lr%ea%ucp;? a(ig ?&bsggt%lry%qgael,l tlheysrtrura)l'J l():et clijersiegls)atiac§
as 2F. In any event, the first through fourth features, when defined in a rectangular
configuration are designated as four feature squared (4F? 136. Beneath the selected
structures it can be seen that a projection of 4F* 136 illustrates the inventive unit cell of
the memory isolation. In the present invention, a double trench isolation structure has
been achieved that acts to isolate the diode stack of memory cell structure 134 in all
directions by a distance of at least 1F. In this embodiment, a reducer material 170 (see
Figure 6) has not yet been formed, and planarization has created a surface that exposes
first STI structure 130, SST structure 132, and P-type silicon portion 160.
Because the memory cell structure 134 is isolated by a double trench
configuration, the likelihood of cross talk between adjacent memory cell structures is
reduced. Additionally, trench depths may be on the order from about 3,000 A to about
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reduced. Additionally, trench depths nmay be on the order from about 3,000 A
to about 7 WO 03/073511 PCT/US02/ 05534 7,000 A and SST structure 132 nmay
have a towelosgetth in a range a range from about 500 A t@cahmsor/033600 A
Trench depths are limted by etch time constraints. Additionally, the 4F2
configuration is easily scalable and a sinplifying portion to integrate
with desi gd-00pd ansl ST Gasemee: 132 amay havs 2 totab deRsh prica iange a 1apge %ﬁ!ﬁ)‘?‘{éS&?om 0.35

M 0.25 M 10,1803 s0B- &%Mch%eﬁ%s%elﬁﬁ&d bﬁ@@hféiin&%hitbéhn& heqdiesharg of the

vertical beta in the diode stack is increased over the prior art. Figure 6
shows the sherdRconfiguptionigrasily sealable ped a simplifyingsporiepiiriagrate Widsdesign i on i n
menory cel l_regi | IntaaX al mm{i of
substrate TUG° i%sg%@#l\;é?&é@ﬁ%u%?%@mgrc%glé)ga)r?g: I?ﬁgﬁ te’rOi'aI 1’4%?8 lIl-rﬁl(’)one
exanpl e, fioiStuM,dhtiugMoetc.oAdditionadly, the degreerpd tther verticalibea inghavdiedestaci dped
polysilicon forned by the introduction of, for exanple, phosphorous or
arseni c to"écr%acﬁég%vﬁfﬁ‘ﬁtpf‘% 5n the order of about 1018-1022 atons/cnB such
as N+ silicon. Figuré6shexsathpbtactuid sfFiguredclaftdr arfurther ibgoationloperetioreiner i al 140

serves as an address line, a.r | jne such.as. row.li Q.of Figure 1.
Overlyi ng foemgQry Eﬂhﬁﬁ’é’f’%p%& a“dslg%'ab"?rﬂyﬁ%g ??é?’é‘?i%ﬂm(ﬁ@%és bﬁg?tg (ﬁgisi on

devi ce sucliragohdiRlorbl SnallBNG meteRfl 100. i @ eardple,!fiist condicex angigm) linsol at i on
device 25 is a PN diode fqorned of N type si I&lcon or,t|o§1f150 that nay have

a dopant cdmrseid 140 1s Hrtyem densd pghysilisonsformadRy; the Bireducyen oL {g (XammRIR. and P-t ype

silicon porgnb@RorbiQor dtskhnictBY cBitéfirAtiof 8R Aklor@d BE Bbut 80'F-007 edniskim’ or der  of
about 1019-1021 atons/cnB8. Although a PN diode 25 is shown is to be

! ) ) | t
appr eci at eduethastN gilirep. fstbisgxampple, firstegrdugiossr sigral §PWP‘§F1">‘4_Q §YeiBe. Such
| solation .qﬁ\ﬁh&l%% 184 H3BlineRHEh ATr&w HRE 20 bﬁ_’i%@r@ 1t @verl{hPrFeYdraRsor &ef erring
again to Figure o6, overlying isolation device 25 in menory cell regions
135A and 13f%gBal lneanaterinli ¢4 is anisolation devit® su¢h asjisplationgledge?pofdigue defy act ory
metal silicide. _such as. oSk L bR (tgl‘?@ N : rHaly 170 may
be formed at™ g’rﬁ%/mpggielsogz}s“og gg‘\;j/}éeerza s %gﬂﬁgdr? S 0 dt%%g g &ﬁg gﬁ?‘,{“ € po(r?lolc5 gsfhsal When
reducer nmatmayitalve 4 @6panscancenttatidn an the oideeof abbut 10Hy Batdmy/ene'cind R-typeace as a

self-aligneﬂ.sili 1d sal icide.. Reducer terial 17 @& formed at
this porti of' 8P p?rﬁlgn SP@&'@%’Bayol?avF? dppant gancenitation on é)%qepgfe%géétel?) ng(?er i al
170, in onexcAyPaEnRt AltpupesPH dicde RO shewn,dt amcke appreefated|thdt othehisolhddr i cat i on
of peripheral circuitry such as, addressing.circuitry of the circuit
structure CHUEHES Ak SB‘.“I%WGEI,“J‘ eedﬁl’(?fh psolapen %‘%i‘cﬁf‘ mft;'ge’r%@arﬁ Sf’ﬂﬁlé'?ﬁdeta’ui red in
ternms of foyisiEgvidgestenory el ement as described. Neverthel ess, because of
its | ow resistance property, .its inclusion as part of the maml)rg/,
Referring again to Figure 6, overlying isolation device 25 in memory cell régions

135A and 135B is a reducer material 170 of, in this example, a refractory metal silicide

such as cobalt silicide (CoSi;). Reducer material 170 may be formed at any one of

several portions of the inventive process. When reducer material 170 is a metal silicide,

it may be formed in place as a self-aligned silicide or salicide. Reducer material 170

may be formed at this portion of the process or it may be formed later. Reducer material

170, in one aspect, serves as a low resistance material in the fabrication of peripheral

circuitry such as addressing circuitry of the circuit structure on the chip. Thus, reducer

material 170 may not be required in terms of forming a memory element as described.

Nevertheless, because of its low resistance property, its inclusion as part of the memory

cell structure between isolation device 25 and memory element 30 is utilized in this

embodiment.



cell structure between isolation device 25 and nenory elenent 30 is
utilized in this enbodinent. 8 WD 03/073511 PCT/ US02/ 05534 Figure 7 shows
t he strucworee/ondsiFi gure 6 after the introduction of a naskcmgSonossd al 180.
I n one enbodinent, a suitable material for nmasking material 180 is a

dielectric materj al iLiTCh as Si |ICO(§, |tr te (q?éi?_ll\m i.n l{nth toi chionetric
and other sol i o Figupe 7, shosys thestugture of Kignoe, b aftesy Tclpn gf 2 D% used such
as silicon yxdrde140Sm or¥embydiméit, d sﬁﬁiblé)?ﬁ)itlahﬁlrfbﬂﬂadkﬁig mdtbial 18Miskot h
stoichionetric and other solid solution ratjos. Masking material 180 may

serve as palielestric myeriab syshs sdiconitride (Siphly) in P%’QF‘BWQ“’“‘E%&“%’%W‘ as to
protect porg fﬂhﬂ&ﬁraﬁss Bm{o%gh Sthér RAkA4 m&% udedBuéiPss sRicoH BsRE mr@z) gt ch

operati on. diment, masking material 180 ma?/ be unpatterned and
may act as siligon mmm@ﬁSpD@Uﬁsrsb@béwwétowmwd oghen plidsolufiprFatioy cont act

corridor |sform=,:gk ,g/@(.(% e etch that
st ops on maski ng ay%"rn 5&%@31%@3%%5&5@%@&% Cﬁﬁeﬁﬁg}&gltrg blft&hat w | |
stop on sillBg4ns wald:hs tapratect poitiandefdirst STl acucturgn] rfot hswbsegubsdichent , t he

o Sar of Sheraid Th b3 ot TRack B mRer P 140 B8l S linpaPIbe ool gy s o Tt O

of SST str PRTEFYEY cOnpri ses
a patterned twa&kch@rdfbis&tchtsmpsébomixmmkvhérzd.coﬁuaqmbmcﬁr isfometloptwal an vi ew xz
per spective of substrat 0 that |I rates this enbodi . Preferably
Por “This erftoarirematont radrus R b bipry ke Ien L RowetbRac har ¢
mask 122 hagweeitride@thi that il mepaﬁemcorﬁmmwmgﬂanded&mwatch process flow may
be si rrpllfled because no nitride_etch quir.e C%#ﬁe formation of

.
i sol ation devi c& ansthegermbpdimentdhe ﬁ“ct“iﬂﬁt‘s t’°P§}ﬁ‘€ Yobe Eedioh 160 i s

exposed i N gEoHiy ke Brmatiod o 5§D |st‘1‘uct\%€§f52ngn th¥s éndodirRsht, hkdskind infhtedial 180t Ch
recipe that has a selectivity that does not substantlally favor the

mat eri al ofcomprises 8 ppiirmagrraask simglap fasecanganask (124 ofigure $ispyopplan VieWdd porti on
160 or Cong)‘éﬁéléf\ﬁge Hﬁhﬁ{&a@é 10b2at i 1&&&& ﬁﬁ%ﬂlbb&meaﬁ%e&ﬁbiy}emsl n the art and

can be sel upon the has forned I"sol ati on device 25.
From t he pmbedmnemgpbnarham@ lsra@rkleclaato ﬁretemmhat(ha@onaﬂcdﬂ bes teen med) wi | |

acconmmdat eept?é@ byt sérd{ngiy? feleRnb Eé Qhﬁg f téﬁ RS nd het

structure ure rom afi ’xy per pec |ve art erning of
x-di r ect i omitride etkm:ssezquarbdt’ﬂlm ﬁtmnmo;a oﬁsblaumadeeyrqeals ig @nilxhrtcd such thahPh 190.
Figure 9

region 1352y‘%dsé5>05f)%13°ﬁ6(¥\ 5@?036%1 Tﬁ‘éggd 1er r%’hﬁa %ﬁ{gqigar{i%:&g%“ ml?tgghgdcﬁls: ng
convent i onakch redphatddes sd‘l@hveﬁ thiat dugs nd»trsunsslmntaale)xmrqm tke maefislac ST y net al
silicide and gtllrlels novrga g SlllCOI‘l ofOP -type silicon portion 160 or conductive material 150.

Such etch recipes are known in the art and can be selected based upon the doping that

has formed isolation device 25. From the patterning of hard mask 180, a trench (190, to

be formed) will accommodate SST structures (also to be formed).

Figure 9 shows the structure of Figure 8 from an xy perspective after patterning

of the x-direction thickness of the memory cell material to form a trench 190. Figure 9

shows two memory cells 145A and 145B patterned from memory cell region 135A

depicted in Figure 2. The patterning may be accomplished using conventional

techniques for etching, in this example, refractory metal silicide and silicon material to

the exclusion of masking material 180. The definition of the x-direction thickness

involves, in one embodiment, an etch to conductive material 150 (N-type silicon in this

embodiment) of the memory line stack to define memory cells 145A and 145B of

9



t he exclusion of masking material 180. The definition of the x-direction
t hi ckness involves, in one enbodi nent, an etch to conductive nmaterial 150
(N-type swbiosomsin this enbodi nent) of the nmenory |ine strackiShposesd i ne
menory cells 145A and 145B of 9 WO 03/073511 PCT/US02/ 05534 nenory cell
region 135A. In the case of an etch, the etch ;r)lroceeds throu h the menory

li ne stack mesory eelt1ggion d 33mIndhe gass pf 47 gigh. Bre eiehpsergedsithrough the memery | i ne
that is in ﬁlgkﬁcl@t%sﬁl thiS 8RS, 'a\b%rdmto?ﬁb@ﬂduéépor i FROhAtCH iBYasge utilized

to stop an etc this point. Figure 10 shows the structure of Figure 8
froman xy Cpedlspm:mhtvealdﬁﬂ ef timed|efchgnayrbe utilizedtn stpg@n efchat Higipeltt he

atterning and 9, | uced at
!tohe base gf eac#ﬁgggﬁ%}vggﬂ Ptgxr]ené%poé%et g}&é%% E@aﬁgpg%ergr}ygqg :

concent r at itenclo9dt Fellowiig ttheqfattemmgtand excBing obeengh d%ﬂ‘bme ﬂ@paﬁlbmm( b N+

Conse. Lo HarReafeA Ry fineh I ponFoock B 260 Bl SRAKC, ' 150"

formed overcoficthghtionton tﬁé)&dérmfabldaﬁua‘ﬁtnoéﬁ dtgmd/érh] to forenahN® fbgﬁnbsm(éerpl cted in

Figure 10. Althou 70|s depi ct ed as. nt in
Fi gure 10, rf“tm?fﬁﬁggel ggr"ﬁ‘i&l“ﬁt%“‘etﬂ SREV) 1 O SERe 1P % %ﬁEI’EI n.
SST structyyo® k82 is formed in second isolation trench 190 |n a direction
that is orthogonal to first STl structure 130. T 132 may be

SS t
pl anarized to edpeSel swetye ddbisdormed °Ver,4§f‘?séﬁatep1|08rﬂ%§‘ib;t§{“lld’glﬁ% fMfirst ST
structure 1439 ,apickedlinFigue 10! AlthdikhERcPASEM 17078 depicdl hebeat | ve to

processing, prior to the formation of first STI structure 130 and/or SST
structure I@@&entdn ﬂ&lrerﬂ&ﬂ itanay|be dermed later) atally apwilkbersgicherth herele SSdspect i ve

trench(es). P—E%kﬁre 1@9 hﬁ&f 1ﬁls€c%}lﬁ isblafibr) ﬁ%n%?\ 196 [rSa diftcASPihatis Mc@oﬁ’zﬁtté er

formation o (es). gure 11 lustrates a top plan view of the
structure dobl ﬁl@tﬂucmﬁrbéBO p‘B%Tlmcm 133rmay bemlmangnno sxpage thgdiodg 3@ck. s

depi cted as b t pi ct ured)
and filling® {] SIREARER pRlf b el 150 S S GBI 0We Ggea, P ST UL
structure 130 ha@esaaaﬂematmettopmmlng,mmtmcfmmmf@sﬁﬁsmuﬂ@ 132 has a
substanti al | ti nuou er The Iin Icted in Figure
11 del i neataé‘\é/"trﬁg{J Lsé‘g ?%ié@,?}i: d;?)?gwglfn?lﬁ\éte orrrlr}% lllfrgéﬂlﬁs “BfGure 10. A
menory cel | wenth(@9! The theddal dieledtrRdilaie) acts ochssist withoherter fodmativhiwbthy cel |

structure 134 nay have an exposed | ayer such as reducer material 170, or
If it is no‘fe"ﬁlé(storrred P- type silicon portion 160 or the like. Figure 11

iIlustrates sub¥girei13lilliseRkad iop PlagfvieWeHMhY structure achieved after planarization.
First STI structure 130 is depicted as having been cut through by etching trench 190 (not
pictured) and filling thereof to form SST structure 132. In other words, first STI
structure 130 has a discontinuous upper surface and SST structure 132 has a substantially
continuous upper surface. The line C — C’ depicted in Figure 11 delineates the cross-
sectional view of the structure in Figure 10.

A memory cell structure 134 is also depicted in Figure 11. Memory cell structure

134 may have an exposed layer such as reducer material 170, or if it is not yet formed, P-
type silicon portion 160 or the like. Figure 11 illustrates substantial isolation of memory
cell structure 134 wherein it is surrounded by two first STI structures 130 and two SST
structures 132. The memory cell structure 134 is spaced apart from adjacent memory
cell structures 134 by any of the four features. In other words, the spaced-apart isolation
of memory cell structure 134 is a minimum as the smallest dimension of the 4F*
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cell structure 134 wherein it is surrounded by two first STl structures 130
and two SST structures 132. The nenory cell structure 134 is spaced apart
from adj awerws/omsmory cell structures 134 by any of the fear/dsezvisses. | n
ot her words, the spaced-apart isolation of nenory cell structure 134 is a
m ni mum as the small est di nmension of the 4F2 10 WO 03/073511 PCT/ US02/ 05534
conf i gur at icorfiguesion k3¢ ukigure 11 alse dlusiratesenedneativerupiirtfithe RIeSht uct ure of

the pres eng?\ieh{g%i\g dréfa B Qoﬁiﬁ%ﬁf ffon éﬁﬁe&ﬁmit}gH fRldaStiRdilBe REERENT W thin

t he dashed to define a uhit c of the menory device. Figure 12
is an el evaibﬁnﬁmmitﬁellloqmenwwdﬁvmel ected structures of the inventive

menory device a ordwg aéglﬁ%}lo%aleéﬁ) eded :oﬁseh%&tehtgh'&cm%g@%&u Jeormation

of first STI e Ut B ornmati on of structure 132
and etchi ngn@iory deneaccat8ilg tcathlsa:mbodqxﬂens Hemlaembdylynan,tfpahanpnswf fastar etch

rate for b the oxide of first STl . str ure. 13 si |,i con.
Furt her, r&iﬁwnﬁﬁﬁgﬁa&lpmfg& id%etﬁ atjon of 5?58“?"5“ rgff%jigan e?cmégx%gggchST
structure 138 hadRoBmplisE&d d sudbktantially sinilhBétch fatefopboth thelwkide ocfnﬁrstsway of a SST
structure 132 Beneat h t he sel %ct ed structures i can en that a

proj ection sgpctue] 39 ag ofjthq siliqon, Fustherymaskganatsriph 1 §fHs po P1°te fil P’I‘?ﬁ”ﬂermr y

I sol ation. ekPosk BETRIEGHE132. MEMbIyQRII sRuctileuBs 8 ekﬁ&@@hih Slﬂla&Ia!yQﬂa ssTucture
has been achieved that acts to isolate the diode sta

el l
structure Bguctpsg 1377 Reneath the selected staiciyres itgap be sen ghat PEE?&C“TFO 45 )it”
embodi ment dllﬁsﬂégﬁ% 11“@3@%' wdhe cdif Bf he nefidky Mﬁbn&e‘iﬁ‘ ﬂfe%&@ﬁumﬁ:ﬂﬁoxplaanar ' zation

has create a surface that exposes first STl structure 130, SST structure
132, and P- ctoylpje trendhjigadption wuatyre has[®en aghicyed thay oty te lwt@uhe\simp stackotd] i que

view of the, SR CPAShl It 86 afGRbA B diflandsloB Byt F. 3l Tormat i on of a

sal i ci de of cer tion o I Ci r educer
mat eri al 17e(mbndtynen9&£dluten rrfatdrilabWOmaane&r)iezmeh dormed, amhelanmmnqn hmwf@@.d Fi gure

14 shows the ructure of. ej el pl anari zati on
of SST str&cﬁ“ﬁlf’%eblg%‘fx%’ﬁas q“ﬁtg-@ 'g% %Tgﬁ';‘af‘l‘. or%‘za’fa(j?rar?gt%ogﬁho reducer
mat eri al 17fdrtionNI86. dept hs of f| rst STI structure 130 and SST structure 132
may vary accordinpg t p eferr I|c I 0 one e t he
depth of first éhq“rg?? G@Pl‘fieé‘at e‘ﬁﬂ‘&ﬁ‘ﬂ%“"r‘fs f [‘}bplgt gEB’O A to about

f7, 000 Q. ThRg»s 2 WS 12 Sﬁté’rlﬂ(g’iﬂdﬁ@n af?a&amue bmmcar mﬁﬁdénolemrhmﬁmafamn?e% a rﬁngfe
rom about 5 A to about 3,500 A _In one enhodi nent, the fota epth o
first STl «frefveermeaterighli0maReed o foflaw plpaizafion of eERPTY ANV a1 170 i s

about 5,300 A, refiffe 14 ehdwRlRY subeRbdbfRfthe?Fgud § BELiYi 12 3Ber plardl@dtion 2, 500 A.
of SST structure 132 and the optional salicidation formation of reducer material 170.
The depths of first STI structure 130 and SST structure 132 may vary according to a
preferred application. In one embodiment, the depth of first STI structure 130 is in a
range from about 3,000 A to about 7,000 A. The SST structure 132 may have a total
depth in a range a range from about 500 A to about 3,500 A. In one embodiment, the .
total depth of first STI structure, beginning at the bottom of reducer material 170 is about
5,300 A, and the total depth of SST structure 132 is about 2,500 A.

One aspect of the present invention involves relative depths of the shallow trench
isolation structures. The memory cell structure 134 includes a P+ Si structure 160
disposed upon an N Si structure 150. P+ Si structure 160 has a top and a bottom. The N
Si structure 150 also has a top and a bottom. As illustrated in Figure 14, SST structure
132 also has a top and a bottom; and the bottom of SST structure 132 is below P+ Si

11



One aspect of the present invention involves relative depths of the shallow
trench isolation structures. The nenory cell structure 134 includes a P+
Si structwoa3b@kil di sposed upon an N Si structure 150. P+ PSiT/is02/0884re 160
has a top and a bottom The N Si structure 150 al so has a top and a

bottom As illustrated in Figure 14 ure 132 also has a top and
a bottom zﬁﬁ@?”!rﬁé“b@f‘gﬂ‘ﬁrt?ﬁo ss‘%‘?tﬁ@t% & Zela’t‘?bﬁg‘l’ \R?E#gﬁu'“i%e\/\o

03/ 073511 Rgd/US02/ 05534 structure 160, and the top of SST structure 132
i s above the bottomof P+ Si_structure 160. Dielectric materials 210 are

formed and t he Dislestic BaterAls 210se fosmedany the,fosmatien qfjrenches 230thipnelr i a1 s 210
I's acconpl ijahed;d 11? atEdIOZ0) i§ %Uﬁl?ﬁshg@goeerxbasle rédiféer Jﬂ@ngl(ﬂ?@atﬂeqarm&&mt renches
220 may be acco I shed usin patterning with an etchant(s) for

et chi ng duoétremhcs 220mayetre|aar:orrmshqdmamgerce@mtvengGVIﬂrea@@éantﬁhEOéprchrng 170 such
that. reduc ghe) [ Ehidhal 210 ghd BlecR1Y fodier e@fa?hﬂgutuglpthaﬁ'egﬁ&lemgt@nﬂl | ustrates
t he |nvent|ve process of Tormng a ower e ectrode 1n a phase-change
menory devilgeniay serse axpridich stoprent i ve net al corrpound film The nenory line
stack may be referre acti.ve ar ea t.he structure
of Figure 14 ah%‘r’e ?%gﬁt%?ﬁ?s err‘gf'e"inﬁf el }cg’rrr oF al&?er\ﬁieraé@ eelgt?1 rode

mat eri al quagemang&m)enhﬁy dé\&(f&h}ll’lﬁﬁlgkl&m&navmal canqopadifibin. f THermemadry hough it

may be a nductive or m,conduct | ve rial a_rmet al
conpound ’t“é?‘ra%l? may pe @?Féreg%’a?f‘rﬂ“écuvﬁé’feﬁr (p&%’r‘ﬁ)g{r%@ws%s ?E‘ggr ‘et al
nitride conAQRBGhé beilforatal ihebtiickad ofadlewe:rmdﬁgduﬁmnhlmeomnraede resistivity,
may be provided in either stoichionetric¢ or ofher tal co d filmsolid
sol ution r defewed toppa metal F%Wﬂghn’las‘hﬁ‘tﬁl?f‘bm%"e??Pnge‘éwgéﬁé“‘g’e?%g’t‘c Wt al

conpound f'rgorpsaé& ingterialdr a%me&n@uamatehal Ih dfe ¥akipte, ARAI @cﬁxﬂ%uﬂa trench

220 such that” metal conpound fil is in contact with reducer materi al
170. The cdﬂméaﬁmamﬁmmm@epp@ww S‘l‘ﬁé‘taéIT deatysisaending upen fscletifedt i s the

inventive Skl e PV ek A6icRiRAeRic o biHeFindGl ch sgry fol Il ow
convent i oanh94 %ﬁﬁ'wo ctiton ?égéﬂh%tggwﬁﬁo&n cto t eose (i(l 1"l ed |1n the art
i ncl udi ng chlsprwtiovapor deposition (CVD) techniques. Trench 220 nmay be
referred to as t r. expose
at least a portﬁw(})‘%%'o?ﬁ? ntog% cohf%rrtlﬁ ]IKTPS %%Sfﬁﬂagg&l P thsp%?lg(?kgnrg%&&l gure 15.
Al t hough tifweoduesicdeng the néef waltsenidbase@ﬁtrencdaﬂéﬂ s@&hGhat nfe@l tgmppouod filecess may

Pg c Zgls ?Ct e%i&@f s? 1'rr{1 é:ﬁ%[ﬁcst l%vg utceramatgna? '1‘5(5: ufhaerconﬁ)%%a Sl Sl rr‘r%\fﬁll ar (square)

compound film 230 that is the inventive polysilicon, metal nitride and/or silicide
compound may follow conventional introduction techniques known to those skilled in
the art including chemical vapor deposition (CVD) techniques.

Trench 220 may be referred to as a recess that is formed in first dielectric 210 to
expose at least a portion of the memory cell stack as illustrated in Figure 15. Although
the recess is referred to as trench 220, the type of recess may be selected from a
substantially circular recess, a rectangular (square) recess, and a trench recess.

Metal compound film 230 includes a metal and at least one of nitrogen or silicon.
A given blend of metal compound may be accomplished by chemical vapor deposition
(CVD) of at least one constituent of nitrogen and silicon in connection with the metal.
The material of metal compound film 230 is preferably a high resistivity metal
compound such as a metal nitride, a refractory metal nitride, a metal silicon nitride, a
refractory metal silicon nitride, a metal silicide, and a refractory metal silicide.

12



Metal compound film 230 includes a netal and at | east one of nitrogen or
silicon. A given blend of netal conpound may be acconplished by chem cal
vapor depw®imiosssi1 (CVD) of at | east one constituent of ni tPCagesn2/e3s5d4 silicon
in connection with the nmetal. The material of netal conpound film 230 is
preferably a hi glh resistivity nmetal conpound such as _a netal nitride, a

ref ract or y Praferablyihe $QURROsitign ﬁ%maqal compoppshiilg 23015 gontiglied by fegd PR et al

si l'i con ni L a8 P (RDAbol S Depenldfig u &dee@pécﬁfcre%ﬂiogﬁﬂén%ﬂﬁ} cypicide. 12 WO
03/073511 PCT/ USOZ/ 05534 Preferab F conposition of netal conpound

film 230 i sechuinuesandydg ussd sueleas @awmara%{;ﬂps@%@)cvo t ool . Dependi ng
upon the specif m? %&%}L ﬂﬂlﬁﬁl H®Y¥m BSo K uch as

pl asma enhancedhwg g eﬁtﬁﬁgﬁ%{l ﬁgodl g ﬁrel ?%rnagﬁegn of nmetal
conpound f iabont g Physgcabeappi @@omathm(lli’f\’l)))anth}@gﬂml sel@ﬁp@ﬁlad@qgr@snmfcm (PVD) and
compound f EPAFCRIPaPHaY g BoBpeindi ALFARRRD. bRl br bR |7
achi eve a peebmbinabtorehiate mafpﬁemﬂeﬂal ddmgoonq)ﬁm ¢0mpm51t1bm biditherPVYDr or CVD,
coverage as. defined as éfh raﬁ.ﬁ of wall d thickness.t

t op- deposi o> PHTagERS defined as thg rafio of dF‘ Ss%tof’g&e%?%fff 1, and
pref er abl y uabigiess, R.iba rdnge fr6@ ab@ﬁteﬁﬁtﬂtabbln\lEﬁidlpﬁéferaﬁly%élﬁmtﬂitlhm of | ower

el ectrode is preferred Wiere a rrgtal nitride is selected for netal

conpound f iPreseBsaRyentione Clyt formation of lower gleetrade ds RIeEALSri and zr and the |i ke.
It may also be §@leRC Aetall di@ide E%eﬁEdeM?n@Mcérﬁ?ounh'ﬁ'ﬁﬂ 23d) {théB¥taPh&Pbdde

selected fromWand M and the like. It nmay al so be selected from N and

Co and t he s¢legted framdi Hﬁ%l’lanﬁ‘herllkée Iq@aymlsé’ft@rsalﬁ‘Ft?d fomdpreag Norapdthet al nitride
conpound of%% Bg ,{519 largulb@s éwffor;r b@mrdaftrbqn@rfherrké\' rtﬁmy 158 bé @é]&‘?edff'i&ﬂ‘ about

0.5:1 to preferably fromabout 0.6:1 to about 2:1, and nost
pr ef er abl yNibodlCoand_thelﬁlw mlmd@n@r@%UMnamﬁctm mewbnignidésent i nventi on

{1 om about “B7RDRh teabiF K. P AR s Bnds FipBRID 51 &, B Fer

exanpl e of ahoutérihprtfarabhy fromm abhouAp, G\ytocabnqidwndnd mostlpeaferalalyiabomﬂdml:about 0.5:1
to about 5:1 referably from.,about 0.
pr ef er abl y %Bﬁf ope fr.ng?(ﬁm rP‘eéﬁ%‘a‘reﬂé%“c‘s afafte)l ’ﬁ; °°mﬁ%“n lfl%ﬁaratﬁ%t al
conmpound f iffom 230t Oveey th&oatS.rr,qiretbrablylﬂcﬁmabdntm611dealﬂmn2rouﬁﬂm65he nmetal s may
be selected fromthe t al be | ect fromTi and Zr and the like. It
may al so bé’resf‘érlagélagﬂ‘tgﬁo%“?g;gg 03 Pﬁ%dmr"i“ll%a{vﬁ PP B Be sel ect ed
from W and rido 6t abdi 051146 abduit 51TRprefek by @@na@d@otseckofab@mz 1, and most

preferably about 1:1.

In another embodiment of the invention, metal compound film 230 may be a
metal silicon nitride compound. The metals may be selected from the metal may be
selected from Ti and Zr and the like. It may also be selected from Ta and Nb and the
like. It may also be selected from W and Mo and the like. It may also be selected from
Ni and Co and the like. The metal silicon nitride compound may have the formula
M;Si;N,, and wherein the ratio of M:Si:N is in a range from about 1:0.5:0.5 to about
5:1:1. Preferably, the ratio is in a range from about 1:1:0.5 to 1:0.5:1, and most
preferably about 1:1:1. In one embodiment, a lower electrode material compound is
Ti,SiyN, in a ratio from about 1:0.5:0.5 to about 5:1:1, preferably from about 1:1:0.5 to
1:0.5:1, and most preferably about 1:1:1.
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Ni and Co and the like. The nmetal silicon nitride conmpound nmay have the
formula M, SiZNy, and wherein the ratio of MSI:Nis in a range from about
1:0.5:0. 5wom3amssut 5:1: 1. Preferably, the ratio is in a ramgsot/oessas about
1:1:0.5 to 1:0.5:1, and nost preferably about 1:1:1. In one enbodinent, a
| ower el ectrode material conpound is Ti,,SIYNZ in a ratio from about
1:0.5: 0.5 to abbuwnoterembodipest.ahelgivr glecsiode By be a metapsifjcidgcompayng: 1 and

most prefeﬁ?h&m&%b eljecédgét%é(@n IQZy3§e1§ele€féI/ﬁld§P?/aQ§1'z$énd the hﬁ@o}]her

enbodi nment el ectrode may metal silicide conmpound
metal s may Ima)szésoeizctsel&ctfed &mmnc}@&eﬂndrﬂwlkbel@mwém selegied fripmaN@ndr and

the |ike. &J[%rgjm{ o ke ﬁ?&ﬁ {Eegte{ik%m Nard?S A}Jﬁu?erlﬁ%.t Rfie ITJC&?Slgél? may al so

be sel ecte may al so be selecte romNi
and Co and cbﬂﬁﬁodnﬂkﬁﬂy himthmraiulaslmslzcwdiaelmbﬂmu nﬂMﬁylsrimvmngh&omor mul a

MXSi Z, wherein _the Q .1 to about
5:1. In ond¥HAcdh f’“t%al IIB\%? erﬂli’oélsgf’?rﬁoaeo eg?cug tﬁ'ﬁ@ﬁﬁé’pgun% Ni,,Siy in
a ratio framsahRbtatd fford abodr AbAUS a&uis.lppreﬂ‘embgbﬂrmnhbmomautabma 11 to about

2:1, and nost preferapl about 1: 1. | n, anot her  enbodi ne ower
el ect rode #ﬁ@@:"?té’lre C@B‘Hﬁgﬂﬁd' i sI"W@%VePWmSWB‘tNP“feFBIﬁ?%%@m“G‘a 1 to about

5:1, preferghbdundiOW, 804 ralle froth abbét (220t abduudls: 1, PréleraBly tfropt fodr @Oy about
1:1. Figure 1 i|lustrates further process of the structure depicted in

Fi gure 15. to it i ang masepreisrabhitabept bt netal conpound film 230, recess 220
is filled with g‘ {ﬁ%?@i’@ﬁlustgdtélfﬁﬁﬁe‘f Bﬁ)cgs'égf d@%ﬁ%&e@bﬁ&t@@fﬁ Figurd29. may be

formed by chem vapor depositi | i con-cont ai ni ng subst ance
sel ect ed f rfoltowingithediarmostiod ef mg@kﬁoalnoend ’élnei!}weceasﬂ%lsﬁueﬂ@a se¢opeOs)

process and tlec%-xcI iS eSeg ngldfem@ ?xra&%%'?@ﬁﬂeg% Qflen%&ﬁQFﬁjor%l‘:}%sﬁl%w ofg 250, all

mat eri al th resi econe he to 240 of recess is
renoved as silicoh-oaitaining dubsranéed sglﬂced fiom silinon waide @tﬁchrmcteqr ¢thyl orthg sibjeate

lish ' ' C\VP) ,
rochan cal (PESLRPGSE RifiRe BHG holiving i iRl 51 18QpE Alo a3, et on (OF)
acconpl i sheghtdial ﬂﬁmﬁ&&%owﬁm asll b&ofnemtm top mvelma«akrecesam sobveixsc
et chback, @d th 7 shol}/@ stru of Fi gsure 6 after

| L ke.
the introdddy %“Gﬁg&i:lé‘%\?dpuggmwa of2AS §raf:%ﬂm é’ﬁ?cg Eht'€d 4s nenory

el enment 30 chémnfchiHécharidal plafaragoreOCMIP) ﬁxechaﬁiaﬁlmahaﬂﬁheﬁlaﬁih tR9fkei s a phase
change material. In a nore specific ry. rraterlgp?& 90 i ncl udes

ex
a chal cogerRearoval of matariakiay bsacspmplished gﬁf&%@s"éﬁ& 30HRPF Fic erial 290
i nclude, bub;ieh&pit@thdatilah@theliiRe. COnposi tions of the class of tellerium

Figure 17 shows the structure of Figure 16 after the introduction of a volume of
memory material 290 (represented as memory element 30 in Figure 1). In one example,
memory material 290 is a phase change material. In a more specific example, memory
material 290 includes a chalcogenide element(s). Examples of phase change memory
material 290 include, but are not limited to, compositions of the class of tellerium-
germanium-antimony (Te,Ge,Sb,) material in both stoichiometric and solid-solution
ratios. The volume of memory material 290, in one example according to current
technology, is introduced and patterned with a thickness in a range from about 300 Ato
about 6,000 A.

Overlying the volume of memory material 290 in the structure of Figure 17 are
barrier materials 300 and 310 of, for example, Titanium (Ti) and Titanium Nitride (TiN),
respectively. The barrier materials serve, in one aspect, to inhibit diffusion between the
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germani um anti nony (TexGeySbZ) material in both stoichionetric and
solid-solution ratios. The volune of nenory material 290, in one exanple
accor di ngwoesewsient technol ogy, is introduced and patt ePaadooe/o3s3a

t hi ckness in a range from about 300 A to about 6,000 A. Overlying the
volunme of menory material 290 in the structure of Figure 17 are barrier
mat eri al s 3olimerd nP®rpmatefig29@ vedriscend cpndugtonamsigial fling materiak sTIYiRENi t ri de

(TiN), e t I\ ft, to
i b ¢ o RO bpepilh il £ CF SR S0y, RsPBEBIRE ) e of
menory mat endtaial2W0 aadal(sissmodd cadderot arsignal lregnas¢rial BHe Inghieeiampleover | yi ng

e O e o R o B i Blng Thilere a9 oS SO RT B SR ok B i € | V' 10

barrier s secon conduc I ne materi al
315. In thiE.gg¥alaimhdine 1($6R:lﬁgﬁi~edc)nﬂeuohdmorﬂncterqrsagnallmeenamiadaﬁliais 315 serves

dd I I 1
Secand condiTaRd Gibeap RS ar L ofReoy © HAFGeRdy ¢ 5T one

enmbodi Ment , mA&RE 140 {cylughtiinegas atthdganilits fdw HRE3Y UScod @hdisdit@oabighal tige
material 140 (columm lines are orthogonal to row lines). Second conductor

or signal |maerial A by fonexagiply, pra lupgpmspateziglesuch, as a pmaligY-erial, such as
an al um nurgrah) r&(@id&%&uBﬁ)an&mefnmgr&Mahm niRiaRahl 6cBhag Of the

barrier materials and second conductor or signal line materi al 315 i ncl ude
such t echnicgnéustersr kgeahting materig a5 drclusie isugh teghpiqupsaskpewn (g hoseLf slillshows t he
structure qof 4Eigure 17 after the introduction of dielectric material 330
over second conductor or signal line material 315. Dielectric material 330
is, for exanpl an@rmbovatthresﬂusmretdmlalrm} after she intreducten of sligletgricsecond

conductor or .Si t

I 33 .
el ectroni carp?t)}“ggg‘# %Xeé Ses?ﬁ?: ‘Eéﬁ%toﬁr%é%aﬁ@g OWI L:ylsl”g%@% cﬂ%%ﬁ? %I electric
mat eri al 336, fosexampleasiOz edothasrd;umawe matsuaihhasurmtmdmeamd cooductar@osignad f or ned

mat or ol 200 TG PR R % evieely PRaBebfLirtithe “rrc i A T

filled wt rFou@wmguﬁ&d)dnendmmerectab niab380Nis plandrizad sidvig Wehawd cbataati er
mat eri al 350 such as . combj naﬁl on of titan %"1 N um nitride

(TiN). TecHiffeiEs fPB’Pe R PORYAR Phibe seictyre ey cgﬁf&?‘e%%‘é% "y and

filling congduelidl2eo,\dh@masidhimbAdaB0 & lGucf MakAAWTO! The hh@iﬁlleﬂkﬂqlﬂ ed in the
art. The structure shown in Figure 18 al so shows addjtional conductor or

si gnal | i neconshyatie materig3g0isuahyas dngatan QW yanshapdsr MAPrab3 A PRI & hat of first
conduct or  OlonsHifiiah of dittfium (Ti) and titanium nitride (TiN). Techniques for introducing

dielectric material 330, forming and filling conductive vias, and planarizing are known to
those skilled in the art.

The structure shown in Figure 18 also shows additional conductor or signal line

material 320 introduced and patterned to mirror that of first conductor or signal line
material 140 (e.g., row line) formed on substrate 100. Mirror conductor line material
320 mirrors first conductor or signal line material 140 and is coupled to first conductor
or signal line material 140 through a conductive via. By mirroring a doped
semiconductor such as N-type silicon, mirror conductor line material 320 serves, in one
aspect, to reduce the resistance of conductor or signal line material 140 in a memory
array, such as memory array 5 illustrated in Figure 1. A suitable material for mirror
conductor line material 320 includes an aluminum material, such as aluminum or an
aluminum alloy.
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material 140 (e.g., rowline) fornmed on substrate 100. Mrror conductor
line material 320 mrrors first conductor or signal line material 140 and
i s coupl edotog/ofisnst conductor or signal line material 14@crhrsougis3a
conductive via. By mrroring a doped sem conductor such as N-type silicon,
mrror conductor line material 320 serves, in _one F‘ pect, to,reduce the

resi stance of clrbriioys deseringoy el forminges memeryjelgmenygich 3s mearyglement . oy

such as ”E'iT?Iryanﬁxf A metd] E&&ﬁ&uhahﬁﬂzismlslﬁh%eeodh anfisSdékdrivll Betwéred | al  for
mrror conduct |ine material 320 includes an al um num mat erl al, such as
al uni num omemory matemal pndreenduesgrs of sewbliney (9-235aw lissAndicolsmpdines) that n ¢ he
above descpiR § | S dMBERGKGRHESEENT 15 in
Figure 1, Er}%lest pr egglgétﬁdﬂ‘fﬂ%%]&er{?%&?yg% el eg%?%ggég%‘ﬁ%% i's dgsgrl bed between
a nmenory mtemctrade ia nfdecmdrtd ko givon metabenanpaund &kn 220 g5 set foghereiedn and
colum I|ines) that e trl

enbodi nent %B% (a:?qefj@cfumf ég%%fnvéle?&ld 1 ﬁa{ch&gﬁ 1%% ﬁﬁ{eg&ls?’g g(r:ﬁe}g to make
a gi ven netadduconmosighal lﬁnelmtaﬁl)lastoam mémortyhna‘ten&rzﬁ) mhy\be bdar henanner ,

suppl i ed vol ta e _from secon tor .or I or f| rst
conduct or &P “gﬁgﬁﬁgﬁenﬂyn'@atﬁ%? &W ‘ﬁ%ﬁ?aflgn ?ﬁeélgrr%'ﬁ%?aus%f’earsiga aﬁ%‘@%‘%gray be

near the yelimiBiARl. TREBEsEOE @dtdiRY FOrmadtidn OF o rpamnyrelenfenecrfene;mmyo cause
a phase change_ nma be mnimzed. The di sc SI o%otggnal l.ed .the formation of

one menor y 2BR%FreRthepmempRysigments of memery ‘ﬁ‘ﬁ @R HESABE  renory

array 5 maynhferl #9§ to0stappretitell it HBAE andpatsiely.-alll inendryt et piedtorat ed t hat
many, and possibly all, nenory elenents of nenory array 5, al ogg W th
sl

ot her i nt egrrax dalangvat athezjintegrated Wcuﬁﬁvc%@»f%rqecfé?%mg|Sm}1hla‘é'??é‘

Figure 19 presep r@lQ Mis%@raﬂhﬁ:@f:@ﬁﬁ%&&bﬁ’@f @k sétﬁﬁ»‘g Shlrbdefithgdnd I eSEt ting
of a volune of ase cthange menory material. Referring to Figure 1,
setting andolgeef phasg chmmyloenremml Referringde EM@IW“@BPWSWI% 10a and
rowllne20 |n I olum |ine
108 101 nt POMSELAGERS b3 by BERER e 104RRL Sl ANAI AR OO,
i|lustrat edxanplﬂsgpplysngaaoltagemcﬂfumhml(hlto reodecs aldumtlntatt@d/qlume Fi gure
12. The current causes t C NE. ry
maierial - Sbrereparsen 20aS g ! SRRy el SRR
material, (Fgre 0d. umwfrentrmms g/temblenmaincnessem&ieedlm cﬁnteamemaneuale beyond
t he armrphl er at ™ .. Onc erat ure

reached, t:?g é‘@?%ﬁ@% I ﬁgﬁﬁb ARPTRPIZE P Vglé‘m(ﬁd’ ey mﬁtfn"g’o%f’é UPSB dI y (by
renovi ng thﬁanﬁdﬂi fattal ik A¥ded tIB@nﬁﬁéﬂiﬁﬁbbé@ndﬂ]mﬁﬂhzm@&ﬁpafanﬁe, Thate, t1,

that is faster than the rate_at whic Lhe vol ure of menory. rraterlgll 30 can
Once a temperature beyond Ty is reached the volume of memory material is quenche

or cooled rapidly (by removing the current flow). The quenching is accomplished at a
rate, t;, that is faster than the rate at which the volume of memory material 30 can
crystallize so that the volume of memory material 30 retains its amorphous state. To
crystallize a volume of memory material 30, the temperature is raised by current flow to
the crystallization temperature for the material and retained at that temperature for a
sufficient time to crystallize the material. After such time, the volume of memory
material is quenched (by removing the current flow).

In each of these examples of resetting and setting a volume of memory material
30, the importance of concentrating the temperature delivery at the volume of memory
material 30 is illustrated. One way this is accomplished is modifying a portion of the
electrode as described above. The inset of Figure 19 shows memory cell 15 having an
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crystallize so that the volunme of nenory material 30 retains its anorphous
state. To crystallize a volune of nenory material 30, the tenperature is
rai sed bywouwsnestiifl ow to the crystallization tenperaturecrarsor/bss34rat eri al
and retained at that tenperature for a sufficient tine to crystallize the
material. After such tinme, the volune of nmenory material is quenched (by
removi ng t lelecroderetit mpdified portion Hn@iinsated pesIesisRRID FRNSCRTatY hegbicireny and

setting a volu f r kgl 30, the inportance of concentrating
5?{5? ﬁgée.omoé'tﬂ? a1 38

t he tenper ivery e volune of nenory material 30 is
illustrated. Onin thayprectding éxemplechapyblugicof memorpmatesial 3§ veas heated 9 of t he

el ectrode as ,described above..The ins I, QU é% nory cell 15
havi ng an %1%‘ Wﬁ%‘?@%ﬂﬁmge’ffg?&%éﬁéwgtg%ﬁ% e %ﬂﬁﬁﬁh@%’fi ed portion
35 (illust ppé@endy Heatig ihd tvolunetod nizancemhterilao héawer coyswailgaion at the vol ume
of menory material 30. ]n the precedi ng,.exanple,. the volune of ry

mat eri al ~ 30eTARRSAtAE SPvstpllzgs 'iie "H‘Fé&ﬁl qrgﬁgtgﬂgtrﬁé}ﬁorysle F (S Sy ﬁg‘%g’gt eri al
and reset tHge AR NedthR MR ssdcution of refdt @8d oiwith ambgbuggdichgtaliiieune  of
menory material to a | ower crystallization erat ure cri)(/)stal lizes the

te
material aroRterial SesPpRivARINS A FORYeRHHAnd that gt least ap, ppposifejgonventiop may bg 1o

appr eci at ecﬁdBﬂg&. it n%lls%&ié B hppkdciledforh BSEdxaMPR (BR theNdllinddahdtays and
crystalline terial, respectively, is a convention and that at |east an

opposi t e canaterial BOneedenpt hrepartigliy setay respt by vendng e cyrent flgy 3pd dpraiely from thi s
exanpl e th%ohg\_?mg%mggopﬁwgg@ﬁ%eﬂﬁat erial 30 need not be partially set or
g I

reset by varyi the current ow and duration through the volunme of
menory mat eri al Anbthet idyantaghexistsagherex mstabcaninoued elegirade is usedrisoaige @l ect r ode

is used. Because a_ .netal-1o0- | i wer

el ectrode a{ﬂ‘%a 'tﬂ'énevt%ﬁ?re c%%’a?r%rrgrr%tra'ﬁed %fo;v{e?gﬁc@geﬁ%@g@%mﬁgb f rgg:gmr esi st ance
may exi st trhaéridl habwef in@rfalepedstact ymy lekxistthatelwa bt odeped gelysiticar-f ace. Because
of the chem, cal eup.of the inventive metal conpound film 230 that forns
the | ower ePBEPSPHE M 45Eess flowis sinplified. For exanmple, inplanting
pol ysi | i con and Begiusy at thé cheintical faké&ip of @@Uhveadvd inetahwmpoondsisn 230ahat A doped

polysilicon |ower electrode requires prqcessing such as. a .doping process,
an anneal pPEREEElawsT elsgodepreces "ﬂ&ﬁgﬁpq&eatk ?‘%ﬂém{’@ IRARGPE " conduct i ve, a

barrier | aygiysiRbieRiactifRink @Wehiot réquiiel iEe propée flot LA d@ped palpeliggnocessi ng to
conpositionally nodify the upper surface for an enhanced heating at the
upper sur f dewer electrode requires processing such as a doping process, an anneal process to
activate the doped electrode to make it conductive, a barrier layer between the lower
electrode upper surface, and processing to compositionally modify the upper surface for
an enhanced heating at the upper surface.
In contrast, the inventive lower electrode is formed of metal compound film 230
and dielectric material is filled next to it. Thereafter, CMP is carried out and the memory
material 290 material may be deposited.
It will be readily understood to those skiiled in the art that various other changes
in the details, material, and arrangements of the parts and method stages which have
been described and illustrated in order to explain the nature of this invention may be

made without departing from the principles and scope of the invention as expressed in

the subjoined claims.
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In contrast, the inventive |ower electrode is fornmed of netal conpound film
230 and dielectric material is filled next to it. Thereafter, CW is
carried owbD@andsihe nmenory material 290 material may be degposor/esss4lt will
be readily understood to those skilled in the art that various other
changes in the details, material, and arrangenents of the parts and net hod
st ages whi éAAIMPe been described and illustrated in order to explain the
nat ur e of tvf'll. o ERGion may be made without departing fromthe principles
and scope o Ke 1nvention as expressed in the subjoined clainms. 17 WO
03/ 073511 PCT/ US02/ 05534 CLAIMS Wiat is clainmed is. 1. A nenory device
conprising:l- a Aenemerydevipe eampisigr e; a first isolation trench that is
contiguous to tgg} ﬁﬁg})gdls%&{mstructure and a second isolation trench that
is contiguous to menory cefl structure and orthogonal to the first

i sol ation trench fiss isotation genohiteat &sicontiguobs totthemgaonfcel Neuawramng cel |
structure defi nes. a fir f ond edge of
the nenory cell §?Croﬂcci: sﬁg‘éo%g%cﬁéhg‘nfagcgec%lrglhéttoetgeﬁj’l}%nem aﬁ%“ﬁ%?ﬁtpce 1,

wher ei n an oediggonal tottiecfirkt isclitionsehat sumotute; ench defines a third feature of

the unit cell, ereip an ed of the se d i Iat| ren ines a
fourth feature eEeHba{’}iﬁi gdge 88'5? e b b ﬁg#gﬁﬂf ﬁ 5%%:35‘%?@?%3“‘{ oclaim

1, whereinckie a nmenory cell structure f| rst i sol atl on trench and second

i sol ation trench define a four ature si uar.e 4F2 . _The nmenory
devi ce accor di nfPerit? seoRd 1"‘1&5?1%"I ¢ emAe ﬁﬁ? urg g. c)oﬂflgeﬁBgee‘&‘e ina

substrate, ghghiwearein the first isolation trench |s d| sposed deeper in the
substrate than the second jsolation trench. 4. nenory _devi ce gccordl ng

to claim1 wher ajhgreithan edgerph the fesyiselationstrench Bﬁfg‘éaathlw featursiof the pp cel

wherein the fi r%xthe#eﬁpinaéd 0Bt thé §26H SOTRSH (5eh Aefflies & RILHHLAUS ot BBEAIt Sur face
and the second isolation"trench conprises a substantially continuous upper

surface.  cell
2. The memory device according to claim 1, wherein the a memory cell structure

first isolation trench and second isolation trench define a four feature size squared (4F2).

3. The memory device according to claim 1 wherein the memory device is disposed
in a substrate, and wherein the first isolation trench is disposed deeper in the substrate

than the second isolation trench.

4. The memory device according to claim 1 wherein the memory device is disposed
in a substrate, and wherein the first isolation trench comprises a discontinuous upper
surface and the second isolation trench comprises a substantially continuous upper

surface.

5. The memory device according to claim 1, wherein the memory cell structure is

spaced apart and isolated by a single feature (1F).

6. The memory device according to claim 1, wherein the first isolation trench

comprises a single shallow trench isolation structure.
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5. The menory device according to claim1l, wherein the nenory cell
structure is spaced apart and isolated by a single feature (1F). 6. The
menory dewbDag/ozseprding to claiml, wherein the first isolpatriusa2/o3sench
conprises a single shallow trench isolation structure. 18 WD 03/073511

PCT/ US02/ 05534 7. The nenory device according to claim1, wherein the
menory cel |7-st r Jbe memorycdsivise pecosdingtoplaing1, whergipiths WP 564 sEUCHEBN an N Si
structure, C‘U&gﬁgés.“ the P+ Si structure has a top and a bottom wherein the
N Si structur as a top and a bottom and wherein the second isolation
trench has a top Parfd seudpoe tispesednppnindy 8i siructuee, whetsinghe BbFhstiughra hasnch

bottomis bel ow {he P+ Si r . I @ g to
claim1l, V\kf‘etP%f’%&{l?noetg %%‘F’%&c&e’l{#% %&rﬁir%ea t%%%’%éggﬁﬂ gﬁdPﬁ%%Bg‘% ructure
di sposed upetondisobdtich trefichihas aitop,and whettanantihe P+ Si structure has a top and

a bottom wherein the N Si. structure a. d b and wherein
t he second i sol é(‘fl'ie’c'ﬁ‘f"g?é?‘f%dﬁ%llgmg’ Te%hgﬁﬁ%lsggﬁyﬁpgﬁé%#ﬁl "he second
i solation trench bottomis belowthe P+ Si structure, and wherein the
second i sol@&t i oITht ety devizeiascoading ® ddim IPwh8ieinghe memaryscestreature 9. The
menory device according to claim1, wherein the nenory cell structure
conpri ses: @MW Se stack structure conprising: an N+ Si row select; an N
Si di sposed on talpe SikrSture dispsset @pdri andN BistBictukgyer di sposed on the N Si
| ayer; and a silicide lLayer. 10. A process, of formng a nmenory device
conpri si ng: for%ewgﬁrﬁ%éf“%c%%ﬁ%aitﬂpg’m%te; form ng a second trench
in the substrat gyheydnethe NSitshecrie hadslopafds Bottdnijtagd sect s the first trench;
and formng a nenory cell structure diode stack adjacent the first trench
and the second wheegithe second isolation trench has a top and a bottom,

wherein the second isolation trench bottom is below the P+ Si structure, and

wherein the second isolation trench top is above the P+ Si structure bottom.

9. The memory device according to claim 1, wherein the memory cell structure
comprises:

a diode stack structure comprising:

an N+ Si row select;

an N Si disposed on the N+ Si row select;

a P+ Si layer disposed on the N Si layer; and

a silicide layer.

10. A process of forming a memory device comprising:

forming a first trench in a substrate;
forming a second trench in the substrate, wherein the second trench
intersects the first trench; and
forming a memory cell structure diode stack adjacent the first trench and
the second trench.
11.  The process according to claim 10, wherein the second trench is orthogonal to the

first trench.
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11. The process according to claim 10, wherein the second trench is
orthogonal to the first trench. 19 WO 03/073511 PCT/ US02/ 05534 12. The
process awoas@iisgito claim 10, wherein the second trench ipETalsat/bhzsaer t han
the first trench. 13. The process according to claim 10, wherein formng
the first trench conprises an etch process that achieves an etch depth in
a range fradfh abBhe procesparcarding taplgim 18 Vvowurimthe sacond yprehis gallewerdbaor di ng to
cl aim 10, q{(&h& &prm ng the second trench conprises an etch process that
achi eves an e Hepth in a range fromabout 500 A to about 3,500 A 15.
The procesd3accBheipragess accotdingrte tBim 46 tveherdimfamning thhrst rensh comprisehan f ur t her

conprising: fillin h and
pl anari zi n§% Wéocgﬁgg%t ¢ 1eve§ %%et&lﬂ.%@ﬁﬂrn gcé‘%%&%&h?%%qm% ?Ao%ﬁ Aaf ter
form ng tha4fir The prbeamht;cofchrrgtthelalm mrmleresm fnguﬁrfgahmenglchrmhbcmwﬂseh electric
filmin the fiyrst trench; first tre a tion
di el ectrican&ka PfoﬁPséﬁ%ﬁtF%l?Y@S T%eé&g%ﬂ?g’tlpétrgng %?é“ %qodigéo “3"’5@% d| ng to
claim 10, &ter formng the second trench, furt her conprising: filling the
second trench with an isolation diel ectrlr[% and eﬁfl)r anar | %‘é@% t he substrate.
18. The pr déess TR PISFEEs ARFOTdNEdP slaim 19 aftsy SR dnd trench,
further B?Phgh 19: formng a thermal diel ectrl c filmin the second

il

trench; he second trench with an isolation dielectric; and
pl anari zi ng t he subsflllllag the firg trenghevidy yrisalationdidelicignd o cl ai m 10, further

conprising: formng aﬂn‘%@@ﬂ%sﬁﬁi&aﬁe“at is contiguous to the first trench
and the second trenc he process according to claim10, further

conpri si ng:16f or Fheproaessl aesduding taclaim A Bt aftexsformingitp firgstreneh, fwrher i rst trench
and the se%grrrllgmmg

forming a thermal dielectric film in the first trench;

filling the first trench with an isolation dielectricﬁ and

planarizing the substrate.
17.  The process according to claim 10, after forming the second trench, further
comprising:

filling the second trench with an isolation dielectric; and

planarizing the substrate.
18.  The process according to claim 10, after forming the second trench, further
comprising:

forming a thermal dielectric film in the second trench;

filling the second trench with an isolation dielectric; and

planarizing the substrate.
19.  The process according to claim 10, further comprising:

forming a diode stack that is contiguous to the first trench and the second trench.

20.  The process according to claim 10, further comprising:

forming a diode stack that is contiguous to the first trench and the second

trench;
forming a first dielectric film over the semiconductor diode;

forming a recess in the first dielectric film to expose the diode stack;
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trench; formng a first dielectric filmover the sem conductor diode;

formng a recess in the first dielectric filmto expose the diode stack;

20 WO 03/Wo330135PCT/ US02/ 05534 form ng a | ower el ectr ode pPicirhusoz/ossshe

recess; and introducing a volune of phase-change nenory material over the

| ower electrode film 21. The process according to claim 10, further

conprising: forning ferming@dowerselectrodefilm i theggees#Bthis to the first trench

and the second trengh.f&ll] I #ench; and
f odlIcHglcaJl wgsghnf.é;gf eﬂrﬂawhaﬁ%e@ﬂ&ﬁb@ RchidrBovd qﬁrzlgv_vé A

formng a self-aligned si upon the di ode stack.

phase- change neelcyodddiimce conprising: a first trench disposed in the
substrat e; second | Yo ate, wherein the second
trench is d"ﬁt hogﬁﬁgfotc'gsg g&gﬁdgﬁﬁ%%za?qtlpgf#%ﬁ%c?ﬁgﬁ% > stack that is disposed
conti guous to the fi fosmirgracstiade stacki thahis comtigungs to theerfarst trengh and the segord ectri c
di sposed over the qgode stack; a recess disposed in the first dielectric

t hat exposes t h&*Bi%de stack; a lower el ectrode di sposed in the recess of
a first dielectric; galwgkiefiastafenpinariaheteaagarem;andal di sposed over the

| ower el ectrode; and_ at |east . one address line coupled,to the phase-change
material. 23. The phfS@INgAsH é‘l’%ﬁvlc{?gﬁeﬁy%&%&a&%ﬁaﬁ% claim 22, further
conprising: an intermttent upper surface shallow trench isolation
structure diZSDOW?hakdﬂcﬁahge menegrddvice esmprisimgnd a. substantial |y continuous
upper surface shallow trench isolatjon structure disposed in the first
trench. 24. The aﬁ-ﬁ%férél‘g’rfﬁf'f’@ée‘fdﬁm%‘) ce according to claim23, wherein
the lower el ectysedd &@mrdi?@&sd iR tHERUBraOWheEiA thd saydid 1Atk Rlop@bgonaldi sposed
in the recess and over the diode stack, wherein the netal compound is

sel ected frtomheforiyEnehicon, a netal nitride, a refractory netal nitride, a

metal silicon nijtgiddQucitHael GRpSRE ¥orifiBuals 18 telf@RrehéH diddRe seBortBitehth;

a first dielectric disposed over the diode stack;

arecess disposed in the first dielectric that exposes the diode stack;
a lower electrode disposed in the recess of a first dielectric;
a volume of phase-change material disposed over the lower electrode; and

at least one address line coupled to the phase-change material.

23.  The phase-change memory device according to claim 22, further comprising:
an intermittent upper surface shallow trench isolation structure disposed in the
second trench; and
a substantially continuous upper surface shallow trench isolation structure

disposed in the first trench.

24.  The phase-change memory device according to claim 23, wherein the lower
electrode comprises:

a metal compound layer conformally disposed in the recess and over the diode
stack, wherein the metal compound is selected from polysilicon, a metal nitride, a
refractory metal nitride, a metal silicon nitride, a refractory metal silicon nitride, a metal

silicide, and a refractory metal silicide.
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silicide, and a refractory netal silicide. 21 WO 03/073511 PCT/ US02/ 05534
25. An apparatus conprising: a dedicated nenory chip having a nenory array
i ncl udi ngwe Biorsstitt rench di sposed in a substrate, a secordTiUSezve3s3di sposed
in the substrate, wherein the second trench is orthogonal to the first
trench, a diode stack that is disposed contiguous to the first trench and
the second trench, a first dielectric disposed over the diode stack, a
recess disposed in the first dielectric that exposes the diode stack, a

| ower el ectrode disposed in the recess of a first dielectric, a volune of
phase-change nmenory material di sposed above the |ower el ectrode, and
addressing circuitry coupled to the nenory array. 26. The apparatus
according to claim?25, wherein the nenory array further includes an
intermttent upper surface shallow trench isolation structure disposed in

t he second 251 r epahappaids eonspidBigant i al | y conti nuous upper surface shall ow
trench isol ation g&ruc ure djsposed in the fir.st &ren%h. 27.. The appar at us
according to cl aidpdicHed Germory ChiPhAWng 3 memoxy arrqy,ipeluding, & fiLiench oy o
conpound | qiy@bsed@ih QAR Y s8éonR@&ich dishobdtin tieomBSragNWhereinrthd feeonti ode st ack,
wherein the nmetal compound i s selecte fron1$%L¥§'lic n, a netal nitride, a

( ]
ref r act or y trepeh igorthogopalde thefirstarengh, adjode sfacky lsposed cQufiguQus 4 the g 4|
silicon nitglqQnctPandBhedecSid tehétf @ first AkcRic difposial Ve theBioad stadk, hedced. 22

disposed in the first dielectric that exposes the diode stack, a lower electrode disposed in
the recess of a first dielectric, a volume of phase-change memory material disposed

above the lower electrode, and addressing circuitry coupled to the memory array.

26.  The apparatus according to claim 25, wherein the memory array further includes
an intermittent upper surface shallow trench isolation structure disposed in the second
trench, and a substantially continuous upper surface shallow trench isolation structure

disposed in the first trench.

27.  The apparatus according to claim 26, wherein the lower electrode includes a
metal compound layer conformably disposed in the recess and over the diode stack,
wherein the metal compound is selected from polysilicon, a metal nitride, a refractory
metal nitride, a metal silicon nitride, a refractory metal silicon nitride, a metal silicide,

and a refractory metal silicide.
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