- @A\BCe3exxyt | p| | P6Tx24 Sept enber 2003 *166166* ELECTRI CALLY PROGRAMVABLE
MEMORY ELEMENT W TH | MPROVED CONTACTS RELATED APPLI CATI ON | NFORMVATI ON 5
Thi s mwmwwrmmmbs a continuation-in-part of U S. Patent Application
Seria 42,000, filed Cctober 1, 1997. FIELD O:ZI@EF&&%—T%(ﬁﬁ\I The
present inyugion relates generally to a uniquely designed solid state, 10
electrically operated nenor t. More specifically, the present
invention relates to a ne ! DRGGRAMMABEIE MEWORNSEUEMENT el ectri cal
contacts and the nmenory material which are integral parts of the nenory

el ement . BACKGROUND AND PRI OR AW&Q&&% is a proprietary,

hi gh performance, non-volatile, thin-filmelectronic nenory device. Its
advant ages i nclude non-volatile storage of data, potential for high bit

density and, coag@gqrggtpjppud%,qwo@%ﬂgﬁe of its small footprint and
sinmple two-termnal device | ., long reprogranm ng cycle life,

| ow programsi ng ener GhieSappiitid @ aS BRBHuatibhh-LORF ¢ EEBRAM ixppfafdP!sgq4f
both analog and digital 2 0 forns of information storage. Digital storage
can be either bNombegr (84@ 00D tfilgdedctabemori@szel 1) or nufti--state (nultiple
bits per cell). The general concept of utilizing electrically witable and
erasabl e phase change materials (i.e., materials which can be progranmed
bet ween general generally crystalline states) for

el ect roni ¢ nenory=apprteati-ol known in the art, as is 25 disclosed, for
exanple, in U S. Patgnt - . 30,441.10 shi nsky pot h of
whi ch are assigned tgﬁt ﬁ#eggsnérr'gv eégo;nl geﬁaé‘%sagg”‘?%?}@ %r3su@mue'iygaféﬁp?%r??é““gﬁt&teoot h
di scl osuresoof bdtedaIEERr:tEE MeRBRy&ldrknb fhé f i er
2003 The early phase-%ﬂ%nge mat eﬂrsli al s descrig%ée%ﬁciglﬁ' ?Eg%ggimaerﬂ%ﬁ%%g%b
Patents were bad eewohuairangasgorishipfoetadehshe glttitalcontels bnd THemeMah ¢Rgerdal
structural order were typically accdmbdated by atom c mgration of certain
speci es Wi t hi n WHE §raintadra partsf¢he raeraery elemegt at i on bet ween t he anor phous
and crystalline states required a tine 5 necessary to acconmodate the

m gration, thereby maeking the programm ng tinmes and programr ng energies
rel atively higlgadibErOEENBLENERIOR! (by present standards) programm ng
speed, particularty in the direction of greater |ocal order
(in the direction ofThi b EEFROM K plobhicay] ) perfiifatdae nbel e’ lirili gh

i nput energy needed to initiate a change in Iocaf)QIO order where

i mtations whiethtrpgrevempedietibe IFempantagss|ihduddasarichdd storagele dataAbotand ' 441
patents from w despread use as a direct and universal replacenent for
present’ conmpuf@M SIY[FPFi CaIGWRARYY. I CRStRSCauEsof itF $romifgotering Red simmaignet i ¢

or optical har sk drives, solid state disk flash, M SRAM and socket
fl ash nenory. %cgle?r'ﬁ'gg é‘?"g‘:ﬁi ﬁng “rﬁq'OSf %Fﬂe%egmpf%r?'aq i%??%RA"%aém‘t’ HECY TR v el y
hi gh energy i npHérgiks ah& Algh'speed ] ' i cal
and/ or el ectroni cgbondi ﬁghégﬂ?“f &@??gﬁsé%@?ﬂgpﬁaaﬁggﬁgﬁsﬁcﬁgglﬁggggi(a in
order to i2fiti &mes af tétmatichlsteageh abigital stordge @ah beleitRdr.binBRE (oAt BE bed méhogner gy
required to switch these materials typically neasured in the range of about
a microjoul e. f8) stpyt-gtatpmytiple dits prarcelbhi s anount of energy nust be
delivered to each of the nenory elenents in the solid state matrix of rows

and 2 C col ums of P8 E91cePt oS yHIRINA iefsrEAl yiabiedns easabignpiiage ehange o

hi gh t | ' faor the add L d for the cell
S0l at | on/ addr Qo By otd GEEBCT Y £\ TOURR < CEBoED SRR P RHRADS how

Programm ng engér@yaily $ry8@AE biadel Vol SRYGhE Meni SodibSiol [ Lor
| arge scal e archi va? ;ytgor age. U)sgd in t‘hi se mnn%é"%f%gggmﬁ%gﬁf% ¢
replace thé 2 @soimehsoi @ampleand) Srra@s Nos UEIT 1250 18ra BE30@4 0k OhireR) bdiar d

drives) of present conputer 2
of which are assigned to the same assignee as the present invention, and both

el emen
' A

disclosures of which are incomorated herein by reference.
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_- 24 Septenber 2003 systens. One of the main reasons for this
repl acenent of conventional nmechanical hard drives with EEPROM "hard
drives" would be to reduce the conparatively | arge power consunption of the
nechani cal systems. in the case of |lap-top conputers, this depeberdd03 i cul ar
i nterest because the nechanical hard disk drive is one of the |argest power

5 consuners therein. Ther&fipheasd.d speci al | y advant ageous to
reduce this power |oad, t he?gbgs sua}s‘%h?tleaﬁf §e Cﬂt&erde'aé'%/enég‘{ Red Whe Patentsgvaré me

of the conmputer pw@se¢ioargangds iecHOMRELE! er, if the EEPROM
repl acement far nechanical hard drives Hasoéﬁh%%@%smﬁ‘fgmeﬁ%‘%‘?' order were
requi rements (andYRitfdY aFcomeadiatedl by atvetic mestbr 8MRAAIS kpedidd itﬂl‘%"}%er %@Vi ngs may
be i nconsequential or at best unsubstantial. Therefore, any 1 £ HFN ch
i's to be consi derti"a TR} fetwensnthey amembouseand QwsBAIRS" AL Ng 188" Dime
. S . . : : me
Al so significant e Sgarglrtle gwi tching times of the electrical rren%ry
material s described Th° tha“GIEmdsiadpe prgrationsthethe sekinates brab@miiy §ds dhd
required tines i ; f a fewmnm|liseconds for the set tinme (the
ProiAg ferdls Buaesith o

time required to swtch Bm 15 the anor phous to the
crystalline state); anek RREVAXEBHE! L,.crosecond for the reset tine (the
tinme required to switch the ér?(ater?bglpyefsrggﬁta[nﬁard&W%Q@F'P‘iﬁgéps%waﬂiwlaﬂyevhen

anor phous st at e) Progiamotei inaiheplitsetort BARRGNBLEY | an nory cells having
decreased el ectrical switching tines a%d per ogc%ér%ﬁeﬁé'neﬁ‘ggﬁfe%g%% Ingeegeing bed

in comonly assi g¥edlizefiam), andoheatisively Nah ifpul 6ferdieddey %’ﬁgﬁ:%gé:é(heagé?ﬁﬁl Iacal ¢

di scl osure p%,] V\,hc;rg IS i‘ncotré_‘?orat_ed by reference herein.

el ectrical phase € :m&&e Ihie qsw@hmeﬁﬁﬁﬂwyﬂeﬁbrkSelardesd?ib@d’inCIﬁQ'sbPa@PHIrPn| y
assigned U S. Pgaehts er%. é296é516, 5,414,271, 5,359, 205, 5, 341, 328,
5,536,947, 5,534, 712, 5,687, 112° &%l 35,.824e0u8nd heiveissic reptaceesntofor Waéseht ar e
al | incorpor at edomputeetemns ner.ej.n till further exanples of electri.cal
phase 2 5 change materi al S"‘%ﬁ’gmﬁéﬁ%r@}m@gf }aé’ea CBPY,figls; laanati ot opticimiard disk

assigned U S. Pdti@st sdBd staR/diserzisrmireiv, 220% ARPLi&atd.gn Nos. 081878, 870,
091 102, 887, and 081942, 000 all of which ar ééﬁn(%%c%%cﬁraa @8”189" reference

herein. Generally, tHhee m%bﬁigsié@nphas'fese:halthgienfrwaerﬂi,ea}e%ﬁggp h@ﬁw glectrically
swi t ched b@tjmee%qﬁitrerdugtugal states of generally anorphous an geneq*ya'P‘i’@
crystalline | ocal ordér COBINTREteREPlar hangesnimy thel sienberl edreiest T disckbhiy kg hed
bet ween di f f er egdnfi tes of |ocal order across the entire

spect rum bet ween c%ﬁ%ﬁg%g %/!%a%%ﬁﬂ%rﬁ TAG 2! dirsrdet & ipitisteyas tetbttaie csdrgt 65 .
That is, the svptathideg THe Se@hed j I,S.not required to take pl ace

bet ween conpl et.elir%ga anor phous an(ﬁ;@fﬁceg#pﬁ%h@rg}jéo (s:‘?’{i%t"éq%lei”P?ée'?ﬂSatt/Fééa"bmea$Lan1er
can be switched'iN¢ Py eraboted midrgfse. I REARE bd18btE] , changes of

| ocal order, or (%% changes 10 in vol une of tmgotgdr%rgr@r:"g(an%'a%’g?&zﬁn PhAFhg

di fferent | ocal”®otd¥ed P gach of egvérdary @lehenay inStBélssly 5t§@rrﬁ§tﬁ§'to?%bv2yar%

mul tiplicity ofogRRdi Hng%s of | o%al order spanning the spectrum between

t he conpl etely anor pﬁous SN e EShpieR ERargy tevels trasldte it high eerreni'hgymase
change nat eri atequrerhédid | t. electrical characteristics dependi ng
upon its state.@For erggafro{)?ﬁeéj E%gglgt,,gg%%i {%glfsce@t'sﬂaém/ﬁ%drmt@wicalas@mhiebi ts a
hi gher el ectri wih eacbsdisstete/inebhokydidindk 15 does in its crystalline state. The
phase- change mater ir#al s are truly non-volative and will maintain the
integrity of the intdfpRgEaOmISY emeegl bsidaiyRipe ] t he need for
period ref reshfoﬁita%al s. As well, the su%j ect mﬁr}t?@:eé *Hégréeé]%‘?‘éfr"&%?msﬁd
directly overwi | 56318 Graffyat steraes: Usad ibehismtinren, tok EBPROWs R uRNEniQfe 1fe
plurality>ef I‘,ﬁé&%k@g(ﬁ%@/gl ues W thout the need to be set to a 2 specific
starting or erased resi st anéa (Wﬁé,m%@g@r@ﬂ@?}s&ld)érdtdmeeqf)roe\pir&ldﬁt doftpLiet ance
value of the material in response to a selected electrical input signal.
Furthernore, the phase change materials preferably have a | arge dynam c
range which provide for gray scale storage of multiple bits of binary
information in a single cell by mmcking the binary encoded information in
anal og formand thereby storing nultipl & bits of binary encoded 2 5
information as a single resistance value in a single cell. 4 24 Sept enber
2003.



SUMVARY OF THE | NVENTI ON An object of the present invention is to provide a
menory el enment having 5 reduced programm ng energy. Another object of the
present invention is to provide a nenory array having reduced cell area.
These and other objects of the invention are satisfied bysappghggtzobsal |y
programmabl e, single-cell nmenory el enent, conprising: a volune of
phase-change nenory material; and a first and a second contact for

| yi I Lcal ~Si I 0.th : i al he fi |
conpr1sing a corduertyeoH Bt ferebi o PhE 8t onvs et mat e
invention are sa{déihed @@P%?@G'Rér’dqﬁillésy wWRRS B4 @f%ﬁ%@%awgﬂ\g%%gr%e

conprising: a volune of phase-change nenory nmateria
second contact frawestdRLMbIG R theheBiidal §stetisgNlnelc@sd BRapTREREYpINES SRk H
the first contact conprising a contact |ayer having an edge adjacent to the
vol ume of nenor yof pasScuiztieteiesi hecdusediee machaoithiearotisiedtve idnet diehd IB/geditobasr ar e
satisfied by a nethod of fabricating an electrically operated nenory array
havi ng a cel} areasywsss theaigin SHErefdie irmoHiddbec ospsciatyi agvantageeusoto fedgee this
maski ng steps in addition to the nunber of masking steps used for a CMOS
process flow 2 PIWPh&aE WREPYSHRYANRYIREeagd theeorembiaa timsnofathe cempyisr ped by

o oa 1oss than ERERE R betbgh S0 80l 1ORF FREROM A REdm R i b 0B
addi tion to the JauERRE nRh sWRHHIheRY SRRIirdHET fagﬁ teré M %bgfé?)?eqpigegrﬁnés;hese

and ot her objects of the invention are satisfti by a nme ting
2 S a non- char gehenpagatrsaningd maglbeahdonsajubptiaDpebRbat VBBt tiAl IMdgrefore, any
conprising three or S 24 Septenber 2003 | ess masking steps in addition to
t he nunber of n&ESORKY shishss is be coosidesredCRIBIverset aesofy mauirsEhlew epregramminger
objects of the invention are satisfied,by a nmethod of fabricating a
non- char ge- st or 8§¥%el ectrical | y operated nenory array, conprising three or
| ess S maski ng steps,| i 1.0 t he. nunber of ski teps used for a
CMOS process fl ow. Als8 s"?‘é?%i'cgﬁt \Derg %he swntépung theLbr tha gle&ﬁca? merr)nory materials
described in the Ovshinsky patents. These materials typically required times in the

range of a few milliseconds for the set time (the time required to switch the material from
15 the amorphous to the crystalline state); and approximately a microsecond for the reset
time (the time required to switch the material from the crystalline back to the amorphous

state).
Electrical phase change materials and memory cells having decreased electrical
switching times and programming energies are described in commonly assigned U.S.
20 Patent No. 5,166,758 to Ovshinsky, the disciosure of which is incorporated by reference
herein. Other examples of electrical phase change materials and memory cells are
provided in commonly assigned U.S. Patent Nos. 5,296,716, 5414271, 5,359,205,
5,341,328, 5,536,947, 5,534,712, 5687,112, and 5,825,046 the disclosures of which
are all incorporated by reference herein. Still further examples of electrical phase

25 change materials and memory cells are provided in commonly assigned U.S. Patent



BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1 is cross-section view of a
menory device of the present invention 10 conprising conductive sidewall
spacers; Figure 2 is a cross-sectional view of a nmenory array of the

present invention,' parallel to the channel |ength, conprisidpgnbendystive
sidewal | spacers; Figure 3 is a cross-sectional view of a nenory array of
the present invention, parallel to the channel w dth, conprising conductive

si dewal | spacer sipplicatiéri §o. @8/478 876 09Ci02/88Y ihd Dsdp a0 af ofwHIEHERE YncBForYe P
the present invention; Figures 5A through 50 show schenmatic cross-secti onal

views for the séygoedereecefergnocess steps for fabricating the menory array of
the present invention; Fi (%ure 6 is a cross-sectional view, through the

wi dth of the nenory &enerlly, dfe diselesesrghase cagngef metheslpras batelectivallyt switthed
conpri sing narr%wed conductive sidewall 2 0 spacers; Fi ,?ure 71s a

crass-sect i onal °YVERD SIVARERPS OfREPPEL FrophrRisANE Senerafyrastaliingriobaet si ng
dual -1 ayered co Lve side spacer.s; Fiqures 8A through 8E show
schemati c c%\ossEF gggﬁ%ﬁgl%%ﬁ Xe}%lsk? SECWE%W%’&%“%H(?@%” ﬁiﬁfgéeé‘ége?‘?’@% Sgigs of
fabricating a nRRRIHASEISEE tHeOdMRfd = ' Ldewal |
spacers; 6 24 Sept enber 2003&Iﬁélrelg%reg{’;jh 9nqP%ﬁgﬁﬁ%@g‘%%ﬁ%gnéicgrp/\ﬁ%@@a
nmenory el ement odysthlite §a@seMhati i)\ bwiRing @MBlidhshateriak 16 PBEeLie¢Ro Sakd SRk
spacer forned in a via; Figure 10A is three-dinmensional view of a nmenory

el ement of the petesenicoinpleteiyt amorpbarspands cangpletelg pystdiiag athtesubita@thenicad ban
open end adjacent to the menory 5 material; Figure 10B is cross-sectional

vi ew of a nenor §¥ViEhedriBrtcremental steps eafleptingieiivas it)icoanass wpiocalionder.zor (Ashatgesed

Chr co- di oAl ond BUMEATarS o RERUPFSBLRBRE HRA 5% Cemeace UACEHe Foomy
- | _ _ IS
o2 o o St TROBG B i 91620 B P
ICKI(]/E ﬁlfzr'lt OI\Iayer ashitegathe tcomblRRIyRAGHHoUTEINE liheddompilidiNb BRlikESERS PTHHINHase THE
change materials exhibit different electrical characteristics depending upon its state. For
example, in its amorphous state the material exhibits a higher electrical resistivity than it
15 does in its crystalline state.
The phase-change materials are truly non-volative and will maintain the integrity
of the information stored by the memory cell without the need for period refresh signals.
As well, the subject materials are preferably directly overwritable so that they can be set
to directly to one of a plurality of resistance values without the need to be set to a
20 specific starting or erased resistance value, regardless of the previous resistance vaiue
of the material in response to a selected electrical input signal. Furthermore, the phase
change materials preferably have a large dynamic range which provide for gray scale

storage of multiple bits of binary information in a single cell by mimicking the binary

encoded information in analog form and thereby storing multiple bits of binary encoded

N
(92}

information as a single resistance value in a single cell.



Figure 1 is a cross-sectional view of a nenory device 100 of the present 15
i nvention fornmed on a sem conductor substrate 102. The nenory device 100
conpri ses two i ndependent single-cell nenory elenments. The first
single-cell nmenory el ement conprises a first contact 130Ay4 §&MnY: soABEr i al

| ayer 250, and second contact 270. The second single-cell nenory el enent
conprises first contact 130B, nenory nmaterial |ayer 250, and second contact
270. As shown in the enbodi nent shown in 2 0 Figure 1, tw nenory el enents
may share a single continuos volune of phase change nenory material. The
insul ative | ayer 260 provides for electrical isolation between the nenory
material 250 and the horizontally di sposed section of the second contact
270. The i nsul atguwevARY ©F FEONQESPION Ovi des a thermal bl anket keepi ng heat
energy within the menory material |ayer 250. The dielectric region 140

el ectrical ly isol at esntdigect iof ste p@Bérachvedtion &3 ploriaaNd heniohyr semeniAfg
130B. The first contacts 130A, 8 and the second contact 7 24 Sept enber
2003 270 suppl y reguced programmeing shegawal Anashernbjeceofdng presemrinvahtionUp e provide a
dielectric region 180 is deposited on top of the nenory device 100.
Preferably, the MR aTRYSRYES radecedphAre®80 conpri ses bor ophosphosilicate
glass (BPSG. In the,enbodi t shown, e first contact OA, 8 are
conductive sidewal | gﬁessﬁaérécins%g‘(eél?@%e?é&?%@@@'%e?@i ﬁatﬁge&génﬁh@%%@”y
spacers") forne (WaToTa S r of th e I i ons
128. (Si dewal | g{frgf acesﬂéigsé@eg%ﬁ%?%gcei&%gﬁ 0 %Ig&térgﬁ%'weeéf@laé%%gngg
per pendi cul ar t enetrioey phiefa; aid 4 firet ddd 4184donk icemact fdisubPIging RBG@idctrgal signal to
configuration depicted, the volune of nenory material 1s a planar nmenory
mat eri al | ayler #BOnencry materiglubs fimhtdnsect gonmuising e wbrad uctivedsidepals smhcemnd
positioned 10 above the conductive sidewall spacers 130A 8 so that the ,
bott om surface of th&"§8RBF PELSRACSH Y igvetipraeesatisfigd bhan elgptriedly epgrafedf

t he conductive ers 130A, B (where "top' is defined relative to the
substrate). Pr @%ﬁ”a%%??@ OMEREPY S usrs gfl Phage-5iaNg8 APRMry Materialy gad Sgrs(the
conductive side t L : i I Qur - nory
| ayer 250 is 1 %@d%é?ggg%nt?%ﬁrﬁg&éﬁgeégﬁ%g?%al EB% h’g ngéorﬂ%%&a?e\f}%l, @gggrs
130A, B, respectdntset yomdriding kecoptaeodidraialing awage bBacsl &€ 6o 3 et Afctnory

| at eral cross-sections of the conductive spacers 130A, B. The area of
contact beflweenmg®eainenory material and the conductive spacers 130A, B is
the area of contact between the mem)ré‘ﬁmateri al and the edges 132A, 20

Hence, the only el ectFrEaTd UBRPPIERY cHEERERNIITREE stistisd Draimerod of BReratnge
ducti - i h | : t h d 2A, 8.
The rermt nder of! Erariaf Seddieb I OHAD oy 1Sl gREL SUrlIeRt el PESrdEl

from the nmenor yeorgkigng Mrec (€l HaBkitd ét6pd iR FGtsh tb 2 melépma&hﬁg%mgée

el enents of the present invention nay %e el ectrically coupled t
for a CMOS process flow.
20 These and other objects of the invention are satisfied by a method of fabricating
an electrically operated memory array having a cell area less than 6F% the method
comprising three or less masking steps in addition to the number of masking steps used

for a CMOS process flow.

These and other objects of the invention are satisfied by a method of fabricating

Ny
U1

a non-charge-measurement, electrically operated memory array, comprising three or



2 5 isolation/selections devices and to addressing lines in order to forma
menory array. 8 24 Septenber 2003 The isol ati on/ addressi ng devi ces
permt each discrete nenory cell to be read and witten to w thout :
interfering with informati on stored in adjacent or renotep Rk s of
the array. Generally, the present invention is not limted to the use of
any specific type of isolation/addressing device. Exanples of

i sol ati on/ addr es'8nGlagng &€ps ima@pditRe B e glumber pedeskitasiers tuses forbd EMAS
junction transistors, .and di odes. Exanples of feld-effect transistors

i ncl ude JFET and®RISSEBSW. Exanpl es of MOSFET include NMOS transistors and

PMOS transistors. Fur N nd .. PMOS r even . be forned on. the sane
chip for CMOS technol@%?%%égﬁharl% O?gjeénvc,ep@?sla-%é% sf'%cﬁ%ﬂa %dgffaé”?ﬁg%ry
array structure K LS - (Y i,C 0 oAl .
Each of the nemarzagréleg%g%%@}%? ' %rlg%oéég?g Vi cg T%gﬁysﬁ%ég?rgﬁﬁsg{gl @%%ogg%\ég to
a sel ection/ gsolraiskpg stéiic adtidrctd the numbdr? mAakiRy efep@iised PIMESTHMO8 &S -
The nenory array 200 nay be formed on a single crystal silicon

sem conduct or weffber 102 which is p-doped and which forns a p-substrate for
the deposition of the remaining elenents of the configuration illustrated.
15 The NMOS transistors include n-doped source regions 110, n-doped drain
regions 112. and gate reaions 118. The source regions 110 and the drain
regions 112 may %E’@ F'QNtQFaTﬁ%PBAW@$on of n-doped material, nanely
a lightly doped n pordj an heavi oped n+ portion. The n-doped
source regions 110 ar#upréi 'ﬁdcrr%a'iqgénn?nlv‘i 8éré rﬁieepoa ac{éé' t%f/ trie ereéﬁrbr{ﬂ‘ée\ngorp
regions 114;¢ Th%&?ﬁ%d&ﬂhg&§e;§a§va"fsggé@§ above the channel regions 114,
control the flow of current fromthe source regions to the drain regions

t hrough the channel rFegreonss 4 bébss-Siogrtviewr & Qi mesod Ifray f eieesrasdny irvomton)' se
a |layer of polysilicon. Separating the gate regions 118 fromthe channel
regi ons 114 ar e pgidtgiéetheichanneyieagte comerisitg eondustice idaxwal spaseys: | ayer s of
silicon dioxide. 2 5 _Associated with the channel regions 114 is a "channel

| ength" and a "channbl9U® 3 13 cosyseigRal VoS AMEMaY amrh e HIFRTRENt INYAYOR i s
t he di stance be r rajn .r.egi - Th. length is
oriented parall g%ﬁ%tfﬁgC@%r”?engigﬂf%3%”%@?5@@?1@%’%58?&%&?%%%ns, which is
paral l el tadhe plangigafe 488 sbhdrisit bRbIaAbf @imdmdEfay2f thENResehBRdnion; of the
menory array is the dinension of the array parallel to the channel |ength.
5 The channel w dth FigupeBpaendugub@rshive stHeenatheamsedectiaragtibwsarod tHesselghersce
perpendi cular to the plane of the illustration of Figure 2. The 'w dth" of
the menory arr a§f RTecashéteds fpe frbrieaing thetmamaay arEdy opHedresent inentiee channel

width. Figure 3 is a_crosssectional, viewof th nmo ray structure 200
parallel to the chanﬁg'l‘reﬁ Feancrostrracianaly' 6“\@“92' ‘E?Em%’ﬁ/f’%ed%efﬁ%aﬁ% ?8

si dewal | spacer I ctLiLal i S0 fr h et

di el ectric regi @ﬁ%%%ﬂ%%gt%@e\%d‘é\%nﬂé@ Itc ﬁgﬁgﬁ ﬁéﬂogfe(raaf/. ﬁ‘gg‘vgréi?%a”
agai n to Fi2gur espaceshannel stop regions 113 are fornmed in the n-el oped
drain regions 112 creating two nei ghboring, electrically isolated drain
regions 112 for sepafigtre 7NMBSrossesastionalofiew ofGe memah ggvice né trehprasest insedion
regions 113 have a conductivity type opposite that of the source and drain
regi ons 110, 11%PMANSING HEahi@ersdconaustivg Yesmk ARac8own, t he channel stop

regions 113 conprises p-d d silicon. The channel stop regions 113 nay be
formed by the inpl an'ﬁ%lfrf%ﬁgg'?m%é)eﬁsﬁ'o&himﬁ@??fgu%ﬁemf?ﬁgme‘?soﬁr ﬁ"ﬁﬁeaﬁrﬁ% i on
t echni ques. of process steps for fabricating a memory device comprising dual-tayered conductive

25 sidewall spacers;



Formed above the gate regions 118 are netal regions 120 which preferably
conprise a |ayer of tungsten silicide. Metal regions 120 are used to
deliver the electrical 2 Csignal to the gate regions 118. The netal
regions 120 extend across the width of the menory array s e 40par al | el
to the channel wi dth), perpendicular to the plane of the Hﬁetrartéon of
Figure 2 and forma first set of addressing lines, in this case the x set

of an x-y grid for aggyassi Q0 i eda.mhgfar%%g rrxer% BL St J{é§§%re%££tay

Formed above the netal regions 1 are t ectrlc e I ONns

preferably 2 ~ GompfidnsdoR@riaing a¥&idubive Siibi/ A0 a6kr@Hnd8 in ath§ di el ectric
regions 122 electrically insulates the 10 24 Septenber 2003 netal regions
120 from nei ghbori ngFigeg dbs infthrebdimersiaiay videw bt e. mdthery didednt off thetprisentl14,
116, 118, 120 are collectively referred to as the gate stacks 124.

Di el ectric regi dWentibpgoaipgsing aregs-stapet Iserfadedetiadr orsamr draicetacent tb It marhery
stacks 124. Metal lines 19d are forned on top of the upper insulation

regi ons 180 2and ™8t end across the Iength of the rrermry array structure
(parallel to the cha nerle ’°£?ﬁ%gl I othe planeo ure2 Met al
lines 190 form a secoﬁ‘d se f’ HEELE i %@?mofyr?‘?r'?ﬁrgoct%B £ inyentiop o

an x-y grid for -a4eif3sd @L.Qusthgﬁ%d Qb vqﬂﬁaa'nuc{cﬁﬁﬁr%y eInFto(Me r]hg\ﬁorgrn{a i The

netal lines 190 may be forne roma conductive erla S aumnum
or copper. Tungsten plhugst1hdid ach@edimepabhdl vRWGIaLiet B di@tak hhiifes cdffktt O
the drain 10 regions 110. It is noted that in the particul ar enbodi nent
shown i n Fi gur ewRich seectenisct fayee atiiacans todne pemgsy natdna enghared by two NMOS
transistors. A layer_of titaniumsilicide (not” shown) may be formed on the
surface of ifhe sili c@ﬁ“@ub@ feat ém@%sqmqnabv'ewmfea §EMP0C Biemientyhdyisgvie eentadie
Substrate 102 ang t he co ct vg' g gacers 30a, b as well as between
the substrate 193“AK& ttoﬂ 8¥ﬁ§a aY to\é\@wgm YAAeNaE pence, associated with
each nenory el enment of the nenory array structure is isolation/addressing
devi ce which serves as an isol ation/addressi ng device for that nenory

el enent t her ebypENALEDMESARPTION OF THE DevEnT@onand written wi t hout
interfering wwth information stored in other adjacent or renote nenory

el ements of the arraﬁigure nt ishe cerssseitionaitvieshotva mambBiygdevize210Qt biethe present

i sol ati on/ addr essi ngq device is an NMOS device. 2 o Referring to Figure 2,

the el ectrical BV Agmisst fReh SERCORRMTISF ysUReifale i 'R 290 METSY dviteatqo

130A, 8, d t, 27 t t | i
bo sunmar i sed. AOTPORRWR Moenk PR e et RSP mest R aTRInH iR ™
el ectrically conasstesmb®edn it @Q’Qéc@$ﬁAnQ1eHoR¢m£t@ﬁ$l(nyerr% O 20 cohfAg

transistor drain (drain region 110) is electrically connected to a

y-addr essi ng |i27@. (Tret sdcohd sgidell memoo/oaduerﬁtl oofppsastfird dontkdtd) 308t Aemory
transistor source (source region 112) is electrically connected to one
t er m nal 24 SBHe@HRer %%@néfse%@ﬂﬁ@ﬁ@tW &0e A showini in e emhediment S804 or

130B). The,other term nal of menory devi ce (second contact 270) is
el ectricalf @ g._r R %"ée%}'?ﬁ@@mémﬂ/é@arﬁ’é SCWC@HW VPINME; Q) RPESeFNANGE| gur e

4 is a schemat 'rﬁerﬁér@g{af’eﬁapfTﬁehﬁsmog)féger%éb%o\)des?itélé’gﬂcgl%élﬁ%n gL %/%Erq kgal S

connecti ons between” each of the 0, a correspon
field-effect tradifirgirateriaFEsh)and e horpshtdif@is s)édas@gﬁ&l%?'tﬁwsécbﬁ@&nﬂa%pﬂolgo
that are used to selectively set and read the individual nenory el enents.
The FET is preffbraiskiptiee IMEBRET alsapvides & tharmedldiankétkeapind\WXb ehergyn @itrs tie.

Al ternately, the MOSFET may be a PMOS. It is noted that the x and y
addressing |i né@e%mé@ﬁﬁ'éﬂeé%ﬁq g héﬁ@@ﬁﬁaregtanw@etﬁcsﬂcﬂh isglatasriprefirstontest|
known to those §5élled i the art . @ in the schematic di agram t he
gate of tHe FET gﬁ@l@? st pRntat AR t et St sRBtass 18RA Baand he $PeRgaISPHEY. 1 n
t he enbodi nent descri bed above, the drain is connected to a second
addressing line. However, in an alternate enbodi nent, source of the

transi stor nmay instead be connected to the second addressing line. 15 An
enbodi ment of a nethod for fabricating the nenory array structure 200 from
Figure 2 is shown in Figures 5A-50. Referring first to Figure 5A, an NMOS
transi stor array 500A is provided. Figure 5A shows a cross-sectional view
of a portion of an NMOS transistor array conprising n-doped regions 110 and
112 fornmed in a p-doped substrate 102. The transistor array includes gate
stacks 104 which include dielectric 2 Gregion 116, gate region 118, netal
region 120 and dielectric region 122. Dielectric regions 124 are formed as
i nsul ati ve sidewall spacers on the sidewall surfaces of the gate stacks
104. Dielectric regions 124 are preferably forned froma dielectric

mat erial such as TECS oxide, silicon dioxide, or silicon nitride. The

th| ckness of t he diel ectrl c regl ons 124 is preferably between about 400

1A NN N o



2 5 preferably between about 600 and 800 angstrons, and nost preferably
about 700 12 24 Septenber 2003 angstrons. The spaces between the
dielectric regions 24 formtrenches 170, 172 extendi ng perpendicular to
the plane of the illustration. A layer of titaniumsilicigesdpibesitpun) may
be fornmed above the n-doped regions 110, 112. A dielectric layer 126 is
conformal |y deposited onto the NMOS transistor 5 structure 500A to formthe
resul ting struct¥0eSusptyBn Hegticaksignabimthe memagumatesd. Upper dipleetia eegipnoteltine

dielectric | 126, i f bly bet 0 d 500 tr ,

br of ar abl y bt we ORI 561 GRAHBUES S0 G gLEFGHE, 18 AP SrReCpicdPer 2Py

about 300 angstr &J%rcgjh%&\%FiMa?e &%ﬁépé@a is preferably fornmed from a
oxl| de, 'si 1"oXI de’

mat eri al such as I con or silicon nitride. 10 Next,

the structure S00B iSnaRPERBELAER 3holRS Kerirkt coftacts WBRBRE bieC&brAlLivE Xdealll N9
of photoresist) and anisotropically etched to renove the dielectric layer

126 from t heshorspacett qhiby relerfdu0nerkréintds0TbiEh@CHaders) Rimed &IHR the Zidewall
Specifically, the nask is patterned so that the anisotropic etch renoves
the dielectric |safacesl26Sfaf tra didlectiotepions $28. f @xlewalV Surfated tZ38candlsiZfabaitiOgloes
not renove the dielectric layer 171 fromthe bottom1 S surface of trench
170. A cross- sedPTbaienafiextgnging pereendicar e plaee efdagiliustrafor).he ani sot r opi ¢
etch is shown as strycture 500C jn Figure 5C. Next, the first contacts
T30A 8 of Flgure 5 albTPGPRUE COMRMTON SPREER I Aoy S d Arver
conductive side .Sl : . . of. .di el iC
| ayers 126 wt h?ﬁér{‘? %Z%&fﬁﬁéﬁ?%}on. g(':st ékﬁgégg{'réui%ﬁ%ogg@éﬁ%éog%l nf/j %"g&gg‘ﬁ ed
onto 2 0 stract beve @RCconbletive esidtvidl Ngasdrs USRS s QP theé boMNsutBed o Whe
5D. The layer 133 is deposited on the sidewall surfaces 126S and bottom
surfaces bot h t memwine sayéi785Gisdadlaé2nt of the aan skeadhhe the toraiuctier §pacers of3oABENCh

170 is already covered by a dielectric |ayer 126). The conformal deposition
may be done usi AERERR careipapativelscts s4asHatEICVD) t echni ques. Ot her

possi bl e deposition t.hods y be used as long as the sidewal| 2 5

D orfaces ar6 cover ed TSEHE EBImaed: oina 3 3dmeat 2 &8 Shis Sosserne
structure 500D L i pi : or.ng. C | i I
spacers 130A 8 gﬁgﬁmﬂ! ?%tc ]?gu'ﬁgthéé”%tsog l?ﬁﬁ&t %&&%@gﬁéﬁgfhggaﬁﬁygﬁg%%%g?%h
renoves the scona@étent ayee eligss 13008 oheehRh bz ddclrs AR ESS AhpEHINEIAC @5 theThe
contact layers 133 remaining on the sidewall surfaces 126S of trench 172
are referred toembpdinantaghosn,' Siededgsk| 1324\ B [ateTdh asms-sedienalof theagardicfver m
t he conductive sidewal | spacers 130A 8. Conductive sidewall spacers 130A, 8
are the first efREERI'G3fEcontacts for the nenory devi ce 100. The cont act

| ayer 133 renai ni ng Ld | . surfaces 126S within trench.170 will be
emoved by a mater sTEteh of FETABPIEH! Vil datel gl ne BRI phathr
contact |ayer 13con GemRed ¥ SR bbliBers el RERSY AP alMHLRel ddgdD 1554 B,
deposited, the conductive sidewall spacers 130A "8 wll have a’l ateral

t hi ckness gabst iderideatHeyordyaiattri¢ad chlpting ebtaeke thet Membmesser ahtéheC edHdactive

| ayer 133. Preferably, the ' contact |layer 133 is deposited so that the
resul ti ng condutRece® 3P4 EviatHrougbrallac epotBOAf Belrsiges $32AsR. ahbé sdmajndenif tbem

t hi ckness between .about 50 and about 1000 Angstromnms, and nore preferably
bet ween about 1GOYUTHYE SPRSEES B66. B glecteaty isolpEedfiom BB AEFRY Malfed! by §8lestia t he
resul ting condug iEX 12%9“%VXQB| contacts 130A 8 nmay be forned from any

el ectrically conductive nmatéerial. Exanples of materials include titanium
nitride, titanium altHg AEbDididnhdis of ihk MM RGN Hal ibdleddch@Nidimeaithi con
nitride. Qther exanples of materials include nolybdenum carbon, tungsten,
and titani 28t ungsiten/seBctdns deviesnarided ddbaksitidienednt saler piofm at raémavipizeiay.
renoves the contact |ayer 133 fromthe bottom surface of trench 172 al so
removes the titaniumsilicide layer fromthe bottomof the same trench 172
thereby electrically isolating conductive sidewall spacer 130A from
conductive sidewall spacer 130B. However, the titaniumsilicide at the
bottom surface of trench 170 is not renoved because it is protected from
the anisotropic etch by the 2 5 dielectri |ayer 126.



14 24 Septenber 2003 Next, channel stop region 113 is forned in the
n-doped drain region 112 creating two neighboring, electrically isolated
drain regions 112. Cenerally, the channel stop region 113 has a
tonductivity type opposite that of the source and drain regiQrmbddido: 112.
In the NMOS environnent shown, the channel stop region 113 conprises -
p-doped 5 silicon. The channel stop region 113 may be fornmed by the

i npl antation of boron_jons using well known ion inplantation techniques.
The resul ting st.&ﬁc'f‘?r]?t@” BOESIg RdRRT ReTTIEISGEN é“%rgg RETOTY e8fletoshe (Rau N

S00F, L, 2601 01 el e TRSKEA a0 PRNBT SRS SRR BRSO R

and isotropically etc e renai ning

10 sidewal k surfagRsad6%5dnRraly, Qﬁ@gre%grq-inv-gﬁfonpigrﬁgpﬁﬁiie\é% %%9%;&![%12%3&8&3

130A, Bin trench 172 are protecte romthe isotropic etc

phot or esi st maskypeldiasritiefraddressingedeRiet € ExaRplei 3t isblatichaRRirddShg lHBNER4andR
dielectric layer 126 fromtrench 170. A cross sectional view of the nmask

and the resudti rigidsiffectataosigoraf timolartjlrectiors vansepirs; aet clivdes Shamplesass fisldraffetiur e
500G in Figure 5G 15 It is noted that the same nask and etch are used to
define the w dt FaasigiopossiudeodFRh #fd MESRRInduetampiess pld MRSAETs fnstide SNIGSA, B

along the width of the ry array (i,e., parallel tao channel w dth and
perpendi cul ar td afﬂﬂﬁoﬁﬁgg&f}% tfaﬁé'sgiéfst Gaph E?rf“%églgf’aﬂ’@%@?!’ eyanqGia™edi s a
cross-section vi 0, i 5 A Iy ough a conductive sidewal |l spacer
(130A or 130B) gng%ﬁ%P%Pﬁgl to Q%g£§ﬁ%?%a%f the menory array. Figure 3 2 0
shows how the mask apgu@trh NBYssDRciFaAVEW of beRdnfor aRhy ERld-Y 268 ShsHdingt i ve
si dewal | spacers, having width W spaced along the wdth of the nmenory
array. NextLl a theehembnidevibayed déstritkepaisive e dEaomn tod tHeh@embdy Uddrigrts 50A&noThe
resulting structure 500H is shown in Fi.gure 5H The thickness of the |ayer
140 is sel ect eddevcef 100lis ¢lectively covpled ise salentienisqigton deviee whick kiethe fam of las

| ayer 140 is preferably between about 2 5 500 and about 5000 angstraons, and
it is more pref &M YaT5Eihe de BRITRY BV 2AR aysPe fognedsan EcHifre capehsiionput

3000 angstroms. EXATRLES: AheMibENlithe LGN hRcSGH! o7 sl fheptri c

| ayer 140 inclu oxl srlircon e and silicon r

the dielectric hansehiondnd @mARRPRTIdRhts iR hiidifdtidh@uetidd i s chemical |y
mechani cal ly polished (CW). The CMP process continues at |least until the
conductivel5s The NMOS transistors include n-doped source regions 110, n-doped drain
regions 112. and gate regions 118. The source regions 110 and the drain regions 112
may comprise more than one portion of n-doped material, namely a lightly doped n-
portion and a more heavily doped n+ portion.
The n-doped source regions 110 and drain regions 112 are separated by
2C channel regions 114. The gate regions 118, formed above the channel regions 114,
control the flow of cumrent from the source regions to the drain regions through the
channel regions 114. The gate regions 118, preferably comprise a layer of polysilicon.
Separating the gate regions 118 from the channel regions 114 are dielectric regions 116

which are preferably layers of silicon dioxide.

25 Associated with the channel regions 114 is a “channel length" and a “channel



5 sidewal | spacers 130A, 8 are exposed. The resulting structure, after the
CWP is conplete, is shown as structure 5001 in Figure 51. Next, a |layer of
phase change nmenory nmaterial 250 is deposited onto structure 5001. A |ayer
of insulation material 260 is deposited on top of the phasgessphapaeopenory
material 250, and a | ayer of a conductive material 270 is deposited on top
of 10 the insulation material 260. The resulting structure 500J is shown in
Figure 5J. The stidtttt ine chbéfdjel ievgties kreddistarttel bepeseth sthfte @@0draid 7@giadse The
anisotropically etched ' to formstructure 500k shown in Figure 5K Layers
250, 260, 270 arcdaensi ?ogﬁhdwwltadymallelhedvemmayntfftowmettmnttb@tvmfregihes whighdsh
170. Next, a layer 280 of conductive materi i_s _confornal I{e deposited on

top of 15 structRFeSpdie piang orthie §"t‘?”i§*€?rh?fé= 'Q}%E iThe PROAIR eofahe meRwWry amay is

conducti ve Iayer 280 hs rglnfl OL I Opi h hed ,sot that only the sidewall
| ayers 2708 depdF F'T§"SIP %g}ﬁ?ﬁr@as‘i }e FTSEESY | ayers 250, 260, 270

renai n. The5esu't'n&hatF%hardeqwe%pemM (5L QHeBing MenGANGHE L Yhs

| ayers. 270A and 270B col [ectively forma secon cont ac e nmenory
device. In the qERRAHIBERAL tohE Wane VRhNL fusBRohi B Fidke bherrl %uh"aaf%w%%@nof
the 2 0 second contact 290 are adjacent to the menory |ayer 250. The
conducti ve | ayeragrap #0tAe aiintenaid Bf nheey aredy| pakettel fto e chaphelt wigths efigrire Gngld ctdsge
material or they may be formed fromdifferent conductive naterials.

Exanpl es of t he sgeticealiviewsoflie mamMaeenaTBe stgistk 2@ paciatadhe granhelyagts TAZ Ojgw
and/or 270B include titaniumnitride, titaniumalumnumnitride, fitantium

carbonitride, ti S 2IRHEY ot epndactiye ﬁ'idf"?’?”cf@aceﬁ WRIFh deslpstncalydsolaied mm gadh
i ncl ude noly @de%wq;ﬁ&élggﬁc retﬁ%ﬂg%fgron ftgg'rré%[’yﬁégpgor 2003

titani umtungsten rocessi ng eps I'n mati on of the

menory structure 200RghpyMg a'ngEb gigle ﬂé@nﬁel‘éﬁ'plre&&gmﬂé?e dARedinttne ABopHAPET
dielectric layer 180 is forrmed over the seniconductor device structure'500M

to form struct udeirb@ahins Hoerdating-ingu heighioding eficeicallyabdisted tdhein teajpes 112 for
dielectric layer 180 conprises borophosphosilicate glass (BPSG. The
t hi ckness of théeerasier NMOS &ensisters] ayaeneraBo lhﬁycﬂﬁén%eﬁtmerﬁgleni)OUSawele 000

angstrons. More greferablg t he thickness of |ayer 300 is between 7, %8
9, 000 angst r oms SCEHEVIHEP BP%‘P%?QBI‘?“Q%B?HCGS’“ I8 ARAYSO1E. 1T3ex'f‘ they ﬁpper

i el eotrl 0 1kayCenkBinks ARARONE! M SBSKELLATd, 2o3BHARt LUl @B SGhE 0PI ©

contact etch may used to for In tren conductive

plug. The sel ectharfeaitedresioht 168 %yfbefff:rﬂ‘rea_rb‘y th O ReHtdtloR d?rab@hn@{smsag well
different rates. As a result of the selective etch, gate stacks 104 and

di el ectric regi prsvnienlimmiantgticoteebtigesduri ng the etch, but the dielectric
material 140 is etched away until the silicon substrate _
Formed dbove the gate regions 118 are metal regions 120 which preferably
comprise a layer of tungsten silicide. Metal regions 120 are used to deliver the electrical
20 signal to the gate regions 118. The metal regions 120 extend across the width of the
memory array structure (parallel to the channel width), perpendicular to the plane of the
illustration of Figure 2 and form a first set of addressing lines, in this case the x set of an

x-y grid for addressing the individual memory elements of the array.

Formed above the metal regions 120 are the dielectric regions 122 preferably

N
w

comprising a layer of silicon dioxide. The dielectric regions 122 electrically insuiates the



102 (or the titaniumsilicide | ayer above the n-doped silicon) i s reached.
1 S Followng the selective contact etch, the opening in trench 170 can be
filled with a conductive material, such as tungsten. Tungsten plugs 144 nmay
be forned by a bl anket tungsten deposition and etch-back. 4 R4pEI ve
|l ines 190 can then be patterned over the tungsten plugs 144§$¥ﬁ% net%od of
fabrication detail ed above describes a way of nmaking a nenory 2 C array

structure using Rl doihe o hBENRHAP IR 8nHle SR AR OUER LAl s

The m nimal unit ce area array structure of prese

invention (an enpodiiagntisof20Mid EdledtiSelp RAMEAI1H 2O Helyatd Qakkes24 BBER regions

preferably has a cell area which is Iess then 8F~ and nore preferably | ess

t han 6F2. The netioate fomet abthecakalpsutbeests thergateadtacky 104.scl osed preferably
requires three or | ess masking steps masking steps 2 5 beyond conventi onal

CMOS processing. 17 Mol Bwst Botase 088 ddetepeyf te spbersipelistoneegionss 180 ard hod
for fabricating an electrically operated nenory array having a cell area

| ess than 8F2, t#ECHEANRSY RPN QF‘H@ MERRe Gy Slﬂé'gf&renééfﬁl’%&’ tg\ggb@nplﬂength),

dditi h f (g d CMOS flow,. Al
SRR D i T e e e ST
5 havi . t t ; ST aTo I I
VN0, | 8458 e AR DLl S GELLALAGRRY 8ot Ry Bl 23

process flow. Therdgharemebamae 10®mEY e RIREERIM BlohdiRRRAETH sichweBluhfHumM S a
non- charge neasurenent nenory device so that the fabrication nethod

descri bed above d@i®pbascBingsteretlgd 140 elettdtally catnasthe metal lines 190 to the drain
non- change- neasurenent, electrically operated nmenory 10 array conprising
three or | e$8 nme8APHY! S disneted thatdn theparticlat ¢rebadlifRent shayn ifnfigkierdy eathegf$haused
for a CMOS process flow. ' 1t is funkier poted that the phase chap pory
el enent of the pt.f"é%sé?ﬁ‘tp"i‘gﬁv"é"ﬁfsl @ﬁrﬁiyﬂgg%%ﬁfﬁ étnwgﬁgu@fﬁ%?@g%e@gke
so that the fabrdgat ot SRl AFRELIBEL ARV ol BaRES ibrIRUAbn Mivie
fabricating a non-chardge-storage, electrically 1 operat ed menory array

conpri sing threaetlecnehe siB&iatN0BhePhe Borrtdétive | sdbwad shhra1updiey aofwaleski ng
steps used for a CMOS process flow The followng table is a conpari son of

t he phase- changedetwaepitye substate 032 daridéhgrapdedtive plogetd4.on conpared to DRAM
SRAM FLASH nenory, and Ferroelectric ]

15 Hence, associated with each memory element of the memory amay structure is
isolation/addressing device which serves as an isolation/addressing device for that
memory element thereby énabh‘ng that cell to be read and written without interfering with
information stored in other adjacent or remote memory elements of the amray. In the
embodiment shown in Figure 2, the isolation/addressing device is an NMOS device.

20 Referring to Figure 2, the electrical coupling between the memory material 250,
first contact 130A,B, second contact 270, isolation transistor, and addressing lines may
be summarized as follows. The NMOS transistor gate (gate region 118) is electrically
connected to an x-addressing line (metal region 120), the transistor drain (drain region

110) is electrically connected to a y-addressing line (metal line 190 via conductive plug

25 144), the transistor source (source region 112) is electricaily connected te one terminal



menory with respective to (1 ) cell area, and (2) the nunber masking steps
needed in 2 0 addition to the nunber of masking steps used for a CMOS
process flow. 2 "~ 18 24 Septenber 2003 TABLE 5 10 (1) Cell Area
DRAMBF2SRAMAT40F6 T8OF2FLASH8F2FERROELECTRI C8F2PRESENT | NVEINTJ,(NBE002)
Masking Steps 6-9 5 0 5 3 2-4 In an alternate enbodi mrent of the present

i nvention, the conductive sidewall spacers 130A, 8 may be nodified by
narrow ng their QMadnemeny. eemanhéirst cditaetniS0Sor padE)l | e dtfeer tdrminahemtne menicdy h)
adj acent to the nenory nmaterial . An exanple of "narrowed"” sidewall spacers
i s shown in Fi gﬁé'c%(%ﬁ?%qf%ﬁawoémflwﬂwu ceyrekogeitagmenurog \@nnef shole in
conductive si dev'—‘?#_.ulre pacer 130A, B parallel to the channel width. In the
exanpl e shown in ¥iglre 6, the top surfaces of the conductive spacers 130A,

B h b i f di | . 188
o] acent 10 tho mamr s 5 £ aFhkotdle Rl Bl Yo BiaRhy N e el
| ayer 250). dhe chene@tidnsdentdtd &hWie rﬁém%\?le'len%tst R g;ﬁ:? oRiing ABGLHDG. MY

be controlled so as to adjust both the wdfth as we cross-seciional

area of the conduactistorgFETIEARAG BRACEBARESRGENEs 120, ESRHERAFE LRl RidcRlely The
wi dt h and cross-sectional area can be nmade to be the small est adjacent to

t he menory mat esetadnd reae theandivodwal meowdueleinems. SThecE ik pseseraily 2 MIGSAET Baref
Figure 8 may be made by 25 form ng oxi de spacers over the conductive
spacers 130A 8 BPPElFPhzamiMATERnsiEesi Aasieinties MOSFRAmankeda V@RS & &

desired. Th ' . k [ .opi C.
oot ropi ¢ ot chelouhr R e ¥ Py ehethS Bt eB ot n Nama Hebirh o everow

spacer but iloeav@el BR%@ t8 goké 94 thkRR conductive spacer underlying the
mask. 19 - 24 Septenber 2003 Decreasing the width of the conductive

spacer adjacent to tAhesh@monhedhemnaw didledh 8RS §&te iof e FETIRNS ST 5 @BHecRbea
inthat region. In general, the smal|er the area of a cross-section, the

hi gher the curr@nénedehdie gddressimgniinehatin dhe ssbsdickniodescibee abtwe e seedmainr kent

density causes increased Joul e heating adjacent the nmenory material. This 5
provi des for intYB8LeY R atcont GAARHING linge Howgraryinratatpnale. empgingnt seurce t he

conductive sideyahd y HRAGE Ty Fieb8 bt BsheR§td ind S mG Ak QL Lo
15 An embodiment of a method for fabricating the memory array structure 200 from
Figure 2 is shown in Figures 5A-50. Refeming first to Figure 5A, an NMOS transistor
array 500A is provided. Figure 5A shows a cross-sectional view of a portion of an
NMOS transistor aray comprising n-doped regions 110 and 112 formed in a p-doped
substrate 102, The transistor aray includes gate stacks 104 which include dielectric
20 region 116, gate region 118, metal region 120 and dielectric region 122. Dielectric
regions 124 are formed as insulative sidewall spacers on the sidewall surfaces of the
gate stacks 104. Dielectric regions 124 are preferably formed from a dielectric material
such as TEOS oxide, silicon dioxide, or silicon nitride. The thickness of the dielectric
regions 124 is preferably between about 400 angstroms and 1000 angstroms, more

25 preferably between about 600 and 800 angstroms, and most preferably about 700
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Fespect to the nmenory material also decreases the anount of heat energy
transferred back into the conductive spacer fromthe nenory material back.
In the menory el ement shown in Figure 1, each of the first contacts 130A, B
I's a 10 conductive sidewall spacer formed froma single |aygfpecRidguctive
material. As described, the conductive spacer nmay be fornmed by-the
conformal deposition of a single' contact |ayer onto a sidewall surface

foll onwed by an j ropic .etch of the coptact |ayer. Alternatel h
conducti ve si de%ﬁ?%%nﬁa@}e’%sfp%ﬁaeﬁ bﬁ@”?egr%oéﬂeé%‘%ﬁ EPET -1?%13;%8&'},"5?%%@!@3
spacer 1 oM M7 @deRdfh PEBeCAMAE baYfk of FRNRIALIY: A REeCONHNTH Yficdi danal |
1 S spacers of the present I nvention my be tornmed fromone or nore, two or
nore, three or BRdh) ER(PHAGEMed¥BE R thd RRoPEITREI¥NIIEN ¢© 300 shown in Figure 7
is an alternate enbodi nent of the nenory device of the present invention
wherei n each of the Aidisiectdondyactif6130anbornallyademmsdett bhioe trzi G trasgsager
formed fromtwo contact |ayers. Like the nenory device 2 0 100 shown in
Figure 1, the mefistye §8Q4 defBDOhe Baling stuatue SRePriay iscshement Sigurs §Bir dbe

8A- 8G shows how t he nmepory device 300 _rraP/ be fabricated. Referring to
Figure 8A, proviWEBEseL DediRanciaver 1457s Arirrahieinesn 100angi00 BDGSIPRS MG a
trench 172 with_gj| f n ttomsurface 106. . The trench
172 extends perB%hegfb%{)%hrN%%a?ﬁg%S%éﬁg agf] glt#@ ?qgl%%rpsr’eﬁ”ﬁorﬂ(?sqﬁrﬁ!?r?@f a%%"ﬁt act
layer 332 is copd@amBlrbis 2TndeRRsIHE ist ' and
into the trench 172255%covseri ng trerﬁlcﬁé:;’gg%@lf See%tglgmr%%&giqaﬁagu&ag
surfaces 128S anBOSkgibe lsiibert diowaes or fireenidde. A second contact |ayer 334 is
then conformally deposited onto the first contact |ayer 332. Next, both the
first and $€cond conexttthe sigustuse SANB is 3BAropmatelamiasked(cpi depbsitonetnd watiertiog

renove the horizontal I%s&di sposed &orti ons of these |ayers. The remaining
portions of the®RNPEreSSInMNECRNisoYpRiFaliy fiched to fampqveithe digleckistiavspiled EemHle ar e

referred to as ISt Si I S 34 Th iding portions, of the
second cont act r}i%%grté"%ﬁs%rs gg\rgg{‘denr’ rsgﬁg{eo@js %E H%”CE‘eim s@’ﬁﬁ'ﬁﬁ‘f ItF"F é@fé? 45 344,
Col | ectively, thmefreti$h it GREHIdotrbY Blch 3hiov@D the! flBeSRCANY 125 HoMAhs b&tfaeﬁr
344 form a dual -l ayered conductive sidewall spacer. It 1s noted that the
first sidewal | dugfger)73ndfitlencts titsstivaabésomdt yerhavenmddioBctidays 1Gewahl the bétort e
128S has a small "foot" region 343 formed 10 on the bottom surface 106. It
is noted that tWEagepktranch ATGkhexsesserctonal fiewsaf e doawkl &nd yeeresgy 2f ithe

substantially ec,%‘uaLr to the ﬁel ected thié:k ess of the first contact |ayer
342. The thi ckrit SV $HRISAPW AL ynEHE qogy%ﬁgé@é% sel ected so that first

i dewal | |ayer 342 td , i_f Of hi about
50 and about 1000 A%)sﬁt' ?%\rﬁsf@%n %ﬁ%?ééﬁ ?b%'%“#?laﬁﬁofi"ﬁ%etfslﬁgxrﬁ?g" e SERE ol :Jy

uni f or m t hi cknessfobrédeetbnatiaivé sidéiaiapacerdAttg O SiddaISSLFAES 1266 6f didédne the
| ateral thickness of the second sidewall |ayer 344 is substantially equal

to the sel ect edaver t¥hedbinofferchel78ecancbntashtayet 1B8Ayie codddnalif iepodited onwss of
t he second_contact |ayer 334 is selected so that the second sidewal |l |ayer

344 may hav® a SEHBYE2RPEalTg reaylting styatyie SROR Sssheen ik Bigurgriut Teoayaid3&isout
1000 Angst , 0 f bly it w.lLl bst i all j f

Uhi ckness. bet nsehoaebat R0 fats: '2b® = gefed abrce: drel b Moager aso
I s deposited Onvg(éfla@u@é.rﬂl‘\’él:@d%%’wkbéé 6f%n%%éi5%ﬁ%ﬁg%re§&eaH@%ctﬁé \ag e

structure is then chem ca nmechani cal I'y pol i1 she SO as to planarize

the top surface2@ndTexpargemiaheedosiBore e P de AdRe uSASP ctimiddd Qaddr liEpostibll (Emond
sidewall 2 5 layers 342 and 344, respectively. It is noted that in the
enbodi nent shovashnines. edtpesp@sible deposition methods may be used as long as the sidewall

25 surfaces are covered by the contact layer 133.
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24 Septenber 2003 346, 348 are cross-sections of the thicknesses of the
first and second sidewall |ayers. Specifically, the edges 346, 348 are

| at eral cross-sections of the first and second sidewal |l |ayers 342, 344,
respectively. Next, the first sidewall layers 342 are selfcddighy Bbghed so
that the top edges S 346 are etched bel ow the top edges 348 of the adjacent

second sidewall layer creating indentations in the first sidewall |ayers
342. A dielectric |ayes sBefureegoobheranizetrskiams efcaet @ &rmt the SInfudfleUsiGeviad as
to fill these indentations. The dielectric |ayer 360, nay be fornmed of TECS

oxi de, silicon apasrisd80AErshewhircoguraBE r(stuletureNEORE). THeeansbiromt etck ransoveg)tien
chem cally nechanically polished to planarize the top surface and ensure
that the top 106%&%&83%fﬁ%@eswéma@l%F@%ﬁq syrtgges Jha 40§t3é§<|@&3%'éd133
Menory | ayer 250, insul at conduct iy

deposi ted as de&CRMNHB1°] Q/é‘dﬁi’fgtf SWFﬁCFﬁ %ggr‘héfeﬂ% 1%%%%@? g}ﬁr%r’e% as
Referring t Q Fi %ﬁf&%al?l’aé JE e?gsge\}/ﬂﬂg)fé?%nﬁ 8‘% cqugfcu? 4§|d§\xlall %}%césr?qg

sidewal | | ayer

Wi th the menorycdndaciel Qﬂé\@ﬂ sphBerS ABBA BSdre t!‘iehﬁrs{ ngaﬁ&wgoéé&s Qbr themérhGQt
sidewal | layer 342 is rempte to the nenory material and does not make
contact with thesweeNMDoy TR esntédt laykn 18Redmaididie ot &t 6id@RalBdbiatds thaS hithist
contact |layer 342 is physically separated fromthe nmenory naterial by the
di el ectric mat etréngh 138 @il belceroevedibhie laterstepor the datiriaationipetosesen t he

dual -l ayered conductive sidewall 2 0 spacers 330A 8 and the nenory nateri al

25D is the area of cOFHAKE ”Eﬂémﬁééﬁtat:ﬂéyef o @d‘&%’“@h@é‘ﬁ "ﬂ%@’”@é%?mo whigefhal |

Y ont oafas BB WP ke 3iupT Dol S0h VGt HEIERER, Aloneit®
el ectrical ly coyplgfid e&mtmwebétcﬁgtﬁ&un@és&g Qﬁtgagéyeygsss@fé?ggbmﬂ@w”

| ayers 344. 2 5 The materials for first and second 'si ayers 342
344 are pref er alshiacRyer 133 iseRpbEBBES OB restlting tattiusetdtrival benaitetion s al

resistivity of the first sidewall layer 342 is |less than the electri cal
resistivity of have Sls@wwdlysind@mmbkdeayeetwmbomwwogf 1008t Angstedmananag h
may be used for the first sidewall |ayer 342 include titanium tungsten,

tungsten siliciB¥e pfq.ﬁf@@t’eﬁwe%?%lj d 2 SRA ABST@MSpol ysi | i con, 5 and
titaniumnigride. fc%é%&t aldema! dd tﬁé’eésu% e%aﬂ%"? ng}”h&%%out%fgﬁ ween

about 50 angstrons an an stroms and ween a

angstrons and 2ZR4) mYeshdddom aﬁme&%smnéamhdenél azﬁémaééom&éﬁenﬁhwdéﬁas a
resistivity which is greater than the resistivity of first sidewall

| ayer. Exanpl egitanfurmaitrigle| tidrsurmaivednurayitide, tits-eon E@boriﬁdé,hﬁar&en@n@bnmudm;al I
llayer include titaniumnitride, titaniumcarbonitride, titanium alum num
nitride, titaniQerse¥ampiasi ofr materiale Andsisis, mplybdgswad cgbpryslungfé@m argnilatignns of
titaniumnitri g The second sidewal |l layer 132 nay have a thickness

bet ween about ﬁ’ éﬁ stroms and 300 angstrons, and preferably between about

100 angstrgys and ZQ%U thaQAE anlélq?mﬁﬁfeﬁ:k%lég é%rg oveb gm‘érc%néc«bda)@er g3 FGRh Nat

t he dual -1 ayered conductive side spacers e t hought of as

having a first pegghedtades bf eémnﬂm&ofré@me%mgmnesm& kper%gem%@ndai of i st
sidewal | layer 342, and a second segnent L2 extending from edge 346 to edge

348 of second snedsamwl trericay €2 tHadeby (eediraalie mblatinyy tdmaucteesidgwabdpaceral3pA fieor
segnent L1, first sidewall |ayer 342 electrically shunts (provides a

paral l el or conductive sidewall spacer 130B. However, the titanium silicide at the bottom surface of
trench 170 is not removed because it is protected from the anisotropic etch by the

25 dielectric layer 126.



2 Calternative electrical path for) the second sidewall |ayer 344. The
first and second sidewall |ayers are electrically in parallel so current
can pass through either layer. Since the resistivify of the first sidewall
layer is less than the resistivity of the second sidemallzjg%%hmmqnﬁg of
the electrical current will pass through the first sidewall. ['ayer. Segnent
L1 thus provides a |low resistance current path. 2 5 For segnent L2, all of
the electrical current nust pass through the nore resistive 23 24

Sept enber 2003 secondVext geanarl starapeien 1‘%@@@1@ in2he prdepegrdsain egiond 1k Ergating
resi stance current pa ot ed tcﬁt t he of se%nent L2 is

(It . _ istivit
hi gher than thattWBf”e@Efg?/ﬂ?énelﬁ‘:;facalﬂ%ésP@’(eF r?'f‘é'gg'?fgse?#i béhe'gllydg\ﬁa?q MR &P ar e

not the sane.) § j ce , i eater th hat
of L1 most o ¢ PetE® 3bified B IR-ARGBh ke TR el b SR s 110

si dewal | spacer bl |n RERMOS dhvir&ldnPihold, AEIASRRE stéPrebBR 1B ER s EBS-85deR -
This provides for nore efficient heating of the nmenory material. I'n the
enbodi nent s ®f tshicormeTre ghadieal is@p rélpscrishrg, BhrvRed bhefimpiattatings bbics @ns
contacts of each of the nenory el enents are conductive sidewal |l spacers
formed by 1 C depiogiweil Rgovonien omplantatien taghtiauss. |Tag eesittion stouctune S8dFdiewadvn in
surfaces of a trench. Alternately, the conductive sldewall spacers may be
forned by conf ofigre §F-depositing one or nore contact |ayers onto the
sidewal | surface or surfaces of ia hole. The via hole may be round,
square, rectangul ar B@xg Fé ﬂ?%Q&iﬁEBEBPW%ﬂé"ESﬁﬁJEFPS@°§¥E%§§P?“@5@8ers
may al so be for f i Ll o yers
ont o the si deval T 2P anae spRLan o FEE R Lhas R FeRbnpEauaR M@ tosham hd

t hr ee- di mensi onaldewalRVéacss 1IBI0R MreRdH YED. UTRe GORMLICi Eifevdallf dpasdrs GBOA BCiH
400, a layer of nmenory material 250, and a second contact 410. The first
contact 400 is &ewdntiZcare weotestaticfivat thedgdropic etabrbyette ipyotoresittomaskl | The etch is
depositing a contact layer into a round via and then anisotropically

et ching the conf®lg®ed a&yé\at {t 89S VRMVR dNe digleRigr 12yB8n1 28I fram HerPoYad AstiPtsaces.

Ine LETEL N0 POLL LR i DR ASHEbL hAESB Rl Al hse R A BHAR

shaped conducti Ve

filled with a diglfed 5o Mifrd & and the structure is then chemcally
mechani cal |y polished to expose the conductive sidewall spacer. A |ayer of

menory mateari al i s deposbe@dhanh® skhe dazp Hid &the asd LSt 1or €fip thdraidtt Bed
bottom 2 5 surface of the nmenory material nmakes contact with the annul ar

t op edge of thepgationing of the conductive sidewall spacers 130A,B along the width of the memory

array (i.e., parallef to channe! width and perpendicular to the plane of the illustration of

Figure 5G). Figure 3 is a cross-section view of the memory array through a conductive

sidewall spacer (130A or 130B) and parallel to the width of the memory array. Figure 3

20 shows how the mask and etch may be used to create a plurality of conductive sidewall

spacers, having width W, spaced along the width of the memory array.
Next, a dielectric layer is deposited onto the structure 500G. The resulting
structure 500H is shown in Figure SH. The thickness of the layer 140 is selected to fill

trench 170 and trench 172. The thickness of the layer 140 is preferably between about

[N
n

500 and about 5000 angstroms, and it is more preferably between about 1000 and



24 Septenber 2003 conductive sidewall spacer. A layer of conductive
material is deposited on top of the nenory material to forma second
contact. The conductive sidewall spacer 400 has a annul ar top edge 402 The
thickness of the conductive sidewall spacer 400, and the bhk Ssdak the
annul ar top edge 402, is 5 substantially equal to the thickness of the
conformal |y deposited contact layer. In the enbodi nent shown in Figure 9 it
is noted the edgeoutB800 an@stiomk €rBlampledSs nsfdalsAhid mbl Be GREE S thy BickiFEer
400. The area of contact between the conductive spacer 400 and t he nmenory
mat eri al 25Q i slayére4@ireaude TEOSNIxae! silzet wegde adwssiizemnBitidel ayer 250 and t he
annul ar edge 10 402. If the entire edge 402 nakes contact with the nenory
| ayer, then the areaAlfr thesiekstrici lgyainl4@nisudeapsitedntye Shuetueer E20Hbfis cloamicadly | s
proportional to the thickness of the edge which is substantially equal to

the thi ckness offetRBICAY RIS dCMBNt Hea CVMBpercessfontinsies @higastuat o cangHetivet
th b duced b trall] t he d iti _ f th ct
Layer and the sf3ebrReRE" ol PAE Al SRUEtr ol HoHLTS FvGHEenBisy Do dedh ds
shown in 15 Fi Q&Hn?ple?e,ri@%o% agé%ﬁ‘?fﬁ 5?8|¥99i9¥rE@ﬁt permtted by the resol ution
a

of photolithography. 1t 1s noted the”first contact 400 shown in Figure
9 is fornmed as the aen@uchyjerer shAAeWRbhgeSRARAY a0l i BefdshdtPsHid Etnhppe
with two open ends. Alternately, the contact may be forned as a cup-shaped
shell 450 havi ngP0t.he tahercef diutetiosi roatatial\deevis slbposied on Rog wf ehel PRasanchahfe
cross-sectional view shown in Figure 10b. As noted 2 O the contact 450 has
edge 460 whi ch TemeM|mriedt 280 anh@ Iaaidf ¢ capdustveanateih @70 isedepotitedoant tap ©of

bet ween thgoco act 450 and_tgeg]m) m){%‘ﬁ material 250 is the area of contact
bet ween t he® edd8® HBGERAG AR %r tag stgfctuse B0 shout i Figwe Sdhel | 450

be f d by d it | i A, filli h '
ey e L0 Te0, BY BR800 eS0Tk B 248 o ord bl B

renmai nder of the via w c

pol i shing the 2o %ormudthuatee @KNRBRATH FRUfEX. SUAJACE0ARE0 B241B05E dhRErdpRiaIedge
460 of the contact 450. The 25 24 Sept enber 2003 | ayers 250 and 410 ‘may

t hen be deposi tetahed Fivay tiore ¢hebp oithé aretchbidgoween t he contact 450 and the
menory material is the region of contact between the edge 460 and the

menory material . |f Neie aeRyer80epfgecndurtivg reatgriah st cafamaiivheenesitask 9n taet ef i al
t hen the a Q ont |S.in the formof an anpular ring.. 5 SO ,

di scl oseda{lgr eiskuﬁ%rea%%gi kcfoppcséquwrep!s% H}’rﬁﬁ_ﬂfeezheﬁﬁﬁ f'&g‘%néy?fo?ﬁﬂ °si ng
a vol une of IOh%%@o%%@%ﬁet%@%%%hgrtr;eaéidem%u Takéé%?@éc gg%Js!téhaélorggotﬂé @iﬁéw%na”d

second el _ectri cal cont act, where t I rst contact rses cont ac
| ayer having aruitgeofgyeaa&est, 26® 27D eervah URe rRLitin Qg etufd GO0Bs BRIVWRIiY Figure

material. 5M. Conductive layers.270A and 270B collectively form a second contact 290 for the
memory device. Inthe embodiment shown, only a portion of the side layers 280 of the
20 second contact 290 are adjacent to the memory layer 250.
The conductive layers 270A and 270B may all be formed of the same
conductive material or they may be formed from different conductive materials.

Examples of the materials which may be used for conductive layers 270A and/or 2708

include titanium nitride, titanium aluminum nitride, titantium carbonitride, titanium silicon

[N
n

nitride. Other examples of materials include molybdenum, carbon, tungsten, and



Generally, the contact layer is not restricted to any specific orientation
or 10 conformation. The contact |ayer may be substantially vertically

di sposed. The contact |ayer may be substantially vertically disposed, for
exanple, by formng the first contact’ as a conductive sigeyallns6¢r on a
substantially vertically disposed sidewall surface. Alternately,. the
contact |ayer may be substantially horizontally disposed. The 1 S contact

| ayer may be substanti %té(n hori zontal |y di sposed by depositing the contact
| ayer onto a substantiafly horizontally disposed substrate. Figure 11 A
shows a threedi mensi qR@lreMbifNg Plocasindl d&sNAtR RARAGHRMe RbmBryNRIBRLY% 200

el ement of the present invention formed on a. single crystal silicon

seni conduct or suhevr atFigual ere W Znowiie A AN @pengiaikctfidi@ys asp sifsardtoner
vol une of nmenory material 250, a first electrical 2 C contact 610 which is
el ectrically cothd snicandudter gayiee rsyructerei0DMIto X80, stavatdreaSGAC shodvneh Eurd Shl
contact which is electrically coupled to the nmenory material and which is
spacedl y di spos&EERERB thhEPRE digtecks fyaict8Osemprses dgraphasphosiicate glass (BPSG).

1 Fi gures 1A, 3MEACTER £ Bntapet Bk ikt 480 ety Bovgen FO0gadn D >
substant ol |y hapi et al oo 58860 PRnd b HBP 310 den To80 GRATGARD 26

24 Sept enber 20 yer has an e I's adj ace e vol ume of
menory mat eri al aggomd hehdar@p@fersWNirRal s ot wRsForkdle nenmory naterial 250
and the contact layer 610 is the area of contact between the nenory

mat eri al 250 and edgBeglihe (pher sieainc layar 180 & embomliataininatiteel adige selestiva
cross-sectional slice parallel to the thickness). The area of contact

bet ween t he &onfaERtroPsFePtag BENARRY Rerseriaiory thewperingin tepeh 140 fof & pesIdtFiyRal
to the thick f th t | 0. It is dth | ectrical .
coupl i ng. bet weeRUBnd "eRBRY = mereil Hien Ak eissiie SRS, At e Ry of
all or a porti ORys Io; IPAS Sefedk e.fsélxgt", E&est%&gﬁi'oﬂ%ﬁ o‘?éleé(&:ere Bl'\é"q?%%I fé%@ﬂé?‘

y S0 ated 0] y tilTe

material 250 is electricall romthe first contact

di el ectric mat egirng tt2&tch, 1t Reefidd R aterlah €408 @8:nBd dwaY Ghtll eBRicéh substrate
cross-sectional slice of the volune of nenory material 250. As used herein,
"encircles" neafd htae tithiemedigide Gl2r gpassttd neoppd elieh)is arashert] a
cross-sectional slice of the volunme of nenory material 250. However, the
nenory el edént may bePlvipgdierelegivaopiast et biecpgaing il {ensarf? &N Ke R Wit | es
a cross-sectional_slice of the volune of nmepnory, materi 250. I.n t 15
enbodi nment shovv%coTJﬁJe "Cr nagtéa-”és]'e%%cﬁoaﬁaﬁun%ﬁmince??n#§ﬂﬁgfg§nf44a171f§/ b;e)e{?rg]ep(eaﬁy fo
the plane of thgafdbRINGAES dbBSsiticROMRVEEN-bRKNEFROESRIERE! IRBS 130 &aRluSH be
possi bl e. The second contact nmay be as a | ayer of conductive material and
is preferably fmattemddaserand fahgetéd piogsl @yer | n the enbodi ment shown in
Figures 11 A, B, the second contact 620 is a conductive layer 620 that is
deposited on top of theeneteerbefyfabrigatian; dgtaiod ebovsGleseibehatway Iné mMeling 8 mesiant ace
of the con gctive | ayer 620 is adjacent to the top surtace of nenory

material 2 Ay SEYSWP ysiEg °ﬁ'éﬂ§+%mf‘%"'”§ﬁte€!5 BRY P canyepigA MRS e,
i ngl e-cel | \ LS f - ] :
st hgl - cell nmenry eﬂh%r?}ﬁi@ﬁval e érse%%gtpggiéﬂo P psnpaﬁ%eofm%}gsgegwm n

material; and a first ‘and a Second con plyrng an ‘e Ica
signal to the MBARRBoARERY dfANnichEERovR inlbBRStigde 2 QNG sﬁﬁremﬁalycﬁlé’st%éusaréé
adapted to nmaxi m ze the current density adjacent to the nenory 27 24

Sept enber 2003 wradhds iead thandFt andrhare piezeratiijiesd ther efd. Tea enethodffordabricgtingtieem t he
menory material to the contact. Increasing the current density adjacent to
the nmenory mat &PeAPTY idfiey diacipseg preferabinmaniresothregailiess easking gtepm Makkifg #teRf on
so that nore hgﬁt ener%%rcan flowinto the 5 nenory material. Current
density (and heYré¥USOVEURBHEMTY PREFFSBS i ncreased by decreasing the
cross-sectional area of the contact adjacent to the nmenory material.
General ly, the phase-change nenory material used in the nenory el enments and
menory arrays of the present invention nay be any phase-change nenory
material known in the art. Specific materials are described in U S Patent
Nos. 5,166,758, 10 5,296,716, 5,414,271, 15,359, 205, 5, 341, 328, 5,536,947, 5
534,712, 5,687,112, and 5,825,046 the disclosures of which aTe al!

i ncorporated by reference herein. As described above, the phase change
materials are preferably direc~tfy overwitable so that they can be set
directly to one of a plurality of resistance val ues wi thout the need to be
set to a specific starting or erased resistance val ue, regardl ess of 15 the
previ ous resistance value of the material in response to a sel ected

el ectrical input signal. Furthernore, the phase change materials preferably
have a | arge dynam c range which provide for gray scale storage of nmultiple
bits of binary information in a single cell by m m cking the binary encoded

o,



24 Septenber 2003 defining a single-cell nenory elenent'nay have a dynam c

range of resistance which provides for tw distinct detectable | evels of

el ectrical resistance values, thereby providing for single-bit data storage

ctapabilities. In another enbodiment of the present inventj tehiB6r 2003 ume of

menory material 5 defining a single-cell nenory el enent may have at | east

three distinct detectable levels of electrical resistance values and thus

be capabl e of storing e t han e bit of binary.information, thereb

provi ding the menory & Jr%n s¢ S"at(ﬁﬂﬁrﬁ\nt P F‘e&"g%aééabg‘?g‘a%iq”i plpgrc ﬂy operbted

Preferably, the yRhidiPatly BRIIY cOPLEL I (il 47! HE Aeildd Ol o Rl n B Hdss
fou e SOOFEr

el enent may have at |east di stinct detectab eve ectrica
resi stance val uemasing fiabs hhaidkion @ BrMumbeABORadkg dd1R (el b4 EMOS process
capabilities provide storage for at least two bits of binary Y information
in a single-cell flovenaksy dscesenis.a methye for datoithtel sardticaRndpeadted Mempryeset

i nvention, the dynam c range of resi stance provides for at |east sixteen
di stinct detéct abdving &oell arepleseth@oBFi, ¢ metbed seraprsiag Wukeieslesomabkintg stéws in
dynam c range and the multibit capabilities provide storage for at least 1
5 four bits of bFFHICY 1§ HEAHTRET YMaskingstepsiged fr@IGMAR RBESSSdlowent . The

h h t er.al be f d luralit f atom
Elenent s aach of whi His Pieth Fagt menva ot of Fe Atert Bvapiin e B hefery
material. Prefer@ablyrentdif n{Eﬁ{EW Yo B i Akhe! fQﬁcH%ZPéiﬁod %%?ﬁbe%na%ﬁ@@gcq&ggn

el ement. Preferably, the chal cogen el enents are selecte romthe group
consi sting of Tez nfhodafd fabrthtHES rdnEhafigehéRYniche@ticalyDbSerRE@BEAG Y
the nenory material includes a mxture of Te and Se. The nenory materia

may further 1Dncl athy camplissasthreerne less enaskitg stedsdr teditidhno thetruenbgr ofueskiog siepsi ng
of Ge) Sh, Bi, Pb, Sn, As, S, Si, P, O and m xtures or alloys thereof. The
menory materi al Ll‘?&W‘?"ﬁc,QMg%pé&@?% one transition metal element. The term

"t iti tal" herein inc¢|udes_el ts 21 tg 30, 39 to 48, 57
and 72 to 80. 25 Prefelally™ [PE" Jifd OF e THRRSTETEN RRTE ¥ DRehIFE, e

sel ected from t heeai@HR 2% nlolg-éha$6@§t@r@8§][megw d@QEESisétﬂj\zf(;Qhé’ffabQEaﬁgﬁt ethba

Nbo, Pd, Pt and m xtures or alloys theréof. It" has been determ ne at

conposi tions i n debeibbd glbbye tiedosdsia/ mesbatier fabrichtie) &Inasshffe-TRRQSheB@ERIY al S
whi ch neet the criteria of the present invention are generally

charact eri zed byrsw@tast aetiod Ryay eelurristhgctoreeedrt iess maakingstePe in eldditiory ¢o tthe
that present in S erasabl e nenory materials. In one

priaor art electricall
conposition t hat”“WSWfMNEQB?P%HiqdéPW‘ilg'l”%rp(ﬂ?@ﬂs foMectrical switching
per f or mance char act eri st t ver . ration_of Te in the
deposited material s \i\rlggtfé/{%ﬁngb“g\ﬁ%\% %6&9 gﬁ”g%?é@ﬁ% ﬁg%)s&cg\?vngaeog‘ﬁf"o%%aér?g?he
ranged in gener greskAtOMvastioh O¥¥nitsaredd & DRARPO SHIAN O FBRRW I maRSR T 8nd M rroelectric

memory with respective to (1) cell area, and (2) the number masking steps needed in

20 addition to the number of masking steps used for a CMOS process flow.



nost ‘preferably about 40%to 58% Te. Concentrations of Ge were above about
5% 10 and ranged froma | ow of about 8% to about 30% average in the
material) remaining generally bel ow 50% The renai nder of the principal
constituent elements in this ' conposition was Sb. The peucRplAg&06d ven
are atom c percentages which total 100% of the atons of the constituent

el ements. Thus, this conposition may be characterized as TeaCGeeSb, oo...b,.
These ternary Te-Ge-Sb all oys are useful starf/i#er materials for the 1 S
devel opnent of additional nmenory materials haAI even better electrical
characteristics. As discussed dbEekAraahe nenory mid)dtaskingdtenshe present

i nvention includgsgnt | east one chaggfogen and may i nGQude atghbkeast one
transition netal_ el ement. The nenory materials which include transition
netals are ele ly nodified forms of the 2 O menory materials in the
Te-Ge-Sb terhary sys#dm That is, t40f’elermentally nodified $renory materials
constitute nodified forns of the Tegfge-Sb nmenory alloys. Thys el enental
nmodi fication is achieved by the incorporation of transition nmetals into the
basi ¢ Te-Ge-Sb t&fRHry system witHfor without an additiona? chal cogen

el enent, such ase8goeGensra |y the gi?enental |y nodified menpry materials
fall into two c €S, The first category is a phase;ghange nenory
mat eri al which ngﬁﬁ&é& 30 éFr. 24 Sept enber 2003 sz_gnd a
transition metal, in the ratio (TeeCGebSb, 0o. ~a+b~) TM-00..~ where the
subscripts Hte in atonic percentages which total 100% of the constituent

el enents, wherein TMis qpe qr re transjition tals. and re.. et
forth herein above fdr<1 ﬁge%%gieg%?g'-"@?g@{hfenf%sfgg'nﬁ@?ré%hgr?an%ucﬁvse @?%Nmag]en
about 90% and a?eége@%ﬁ%ymy%@mbaiﬁéﬁytdaﬁemﬁgwrw%np i 8f RERBYndiGICh SR &
Fe, Ni, Nb, Pd, Pt and m xtures or all'Qys théreof. The second category is a
phase- change e dhahmd) @idttd bdjddre (e thémemdgsmaténal. Ce, Sb, Se and a transition
metal, in the ratio (TeAGebSb, oo. ~a+b>) TMiSe, 00.t~. a> where the subscripts
are in atom c percenfageampihpthatoved' sitl©Q8h spacarhis sbows tni Higiea 6 vdliadbrebavsa TM
is one or nore transition netals, a and b are as set_forth herei nabove for

the basic Te& 10°eas-Sstiend NgwPf diss pendiictive jsideyal frasar LR PEGYS! 4 &he0¥'3895 and

d is between about, O %and 10% T transition er

i nclude Cr, Fe, Wﬁltm Bg%e f’f?mﬁ(iffh%%”d'_,nhfﬁu_)z{ gr %‘S té’r Slérf%%%)sséf %ﬁg?mg&ou%[' Iﬁte%wrﬁssrmry
el enent s _Of the13@7§:é%§/e RRaLS b @Bfﬁ%télﬁ%ﬁdh@@ t@@&ﬁﬁﬁ&oﬂé@ﬁb%ﬂ%i@é lc¥iumns 188
non-vol atil e set resistance va?ues. wever, if the resistance val ue does,

under sonme 1 S esdiscmnretiancesiprydnatétal {thoeluhss poingienalard étte mamom,layer 250).
"conposi tional nodification", described hereinafter, may be used to
conpensat e for Thg Beightiof the calimns &g wed e ithie, extant of BPeANg MtAYVRS eaNtrpited s@jas|to

fer tot ition jn which t t i st | ' .
Cubst ant i alfty ORGP PBVAhcER Vel af Pl Bor oGt eihe ik Bkt pyaon

i ncl udi h ' h j
(Including the { tg?&&eﬁyégﬁ%ghﬁgéﬁ%ﬂai. egr?é %M%&&g?&%eé@nﬁmbﬂ&%ép

i nsure that abso‘fa‘tjc{;j y no curs 2 out si a selected nmargin
of error. Becaug@déltddetth®fmillds: ddpetittahe erint@atefialt he nenory el enents can,
if left uninpeded, hinder gray scale storage of information, it is

desirabl e to m ni m zBhedanpived tbatuptysistdesalbspacerd i 1BOA,8tof bigurei &mede bé made her ei n
to include any means of conpositionally nodifying the volune of nenory
material to yi efEM8gddansnaseT yovet At EOTHUStRAPRASE™S oT30AE (o6 tTigVER 3 PhEERII ng

the additi of band wi dening elenents tg increase 31 24 Sept r
2003 the. | Afer o IPEL TN AcaT DY HEN R RerFe ThedtHesRate B=bpé Lt B nal
a0 1 Sfoh Skl P O AR TR ABAho LRRAIPGEASILA B Whbilliye
respect to thickness. For exa e, the volunme o nory material may be
graded from a fiégasbr olertrs hhsedekfins bPtha coiefd spacecanddayiag theymazk. di ffering
conposition. The conpositional grading may take any form5 which reduces
set resistance value drift and need not be limted to a first and second
alloy of the sane alloy system Also, the grading can be acconplished with
nore than two alloys. The grading can be uniformand continuous or it can
al so be non-uni formor non-continuous. A specific exanple of conpositional
gradi ng which results in reduced resistand value drift includes a uniform
and continuous gradi ng of Ge, aSbzsTes~ at one



10 surface to CGer~SbhzzTess at the opposite surface. Another manner of

enpl oyi ng conpositional nodification to reduce resistance drift is by

| ayering the volunme of nmenory material. That is, the volune of nenory
material nmay be fornmed of a plurality of discrete, relati y@g%a e1[12(10§1yers
of differing conposition. For exanple, the volume of nenory materia
include one or nore 15 pairs of |ayers, each one of which is fornmed of a
different Te-Ge-Sb al d)él:)’easm@hd]wndﬂirsof\t\@écdnhgct@é@@adé# é&bc@ﬁﬂéﬁ‘ﬁe PERBEShitb@NS -
any conbi nation of |ayers ich results in substantially reduced resistance
val ue drift can terreaspd isyedss Jdedorahygersn tray rdgenoh geheral ate drhalekhesseDof 4 hey
may be of differing thickness. Any nunber of |ayers may be used and

mul tiple | ayers @pstigetionamne Riphesytheraymant density evithini thatt ¢iessvestclinne  Oife insressy 2
C material, either contl uous or renote from one another. Al so, Iayers of

any nunber of di 48R FRISHY FRGET BIFFEET V1P REFINB dFsEy. thenmemaky Fatenah afiys e
f t | t | which | ud
of ~conposi ti ?na b AY&T (gﬁréaéegg%&gun?mg&ﬁnem%gér@ r| a i ch incl udes

al ternating layer pai rs Yet anot her fomn of

conposi tional i nhonoggpaibYe Bpthé%gH&E:t IESUSAANBEH ]‘AJ fveﬁ 3s thetr &hgr f 35§h6d

by conbi ning conpositional grading and conpositional [ayering.

Sept enber 2003 pagddectdlthe mgmokyvRatefif aRBRBEABERUNE BMB@HR ot heftadnefly acnsrame®Y
be conbined with any of the above descri bed conpositional |layering to form
a stabl e vol une twEck mentbe yormattee ispdcer ore thE raernyory olateneldac. nmenory materi al

whi ch enploy this conbination are: (1 ) a volune of nenory material which

i ncl udes a di screte |afjemesfoncalzmep-shess '”f%we)\?\e@iicb)?f the &irsg cenieds i:@)?p%@létl on

Phcl tdos a B sor GSeris, SROMAI SaacRefotib S8 P Tieq Bucick] CMHIRF CTBRbY AS
Ce, 4SbzsTes~ andi(aralifel &nguctid s;%%(ej r?apge Hﬁ'ﬁié(?' > al gonﬁ‘m l cf.rb%sngdns&‘ g%ﬁté“ bed

set forth hereinis presented in ormo nts

for the purpose @htabiidgenghtea kidblvalpdipacoBmval®y A aﬁlnk&f&p@%&f@‘fe doh&cﬂéy%?ent
invention, and that such details are not to be interpreted as Iimting the
true scope of this i Altensteignthasosaictifeosidéwatirspacked mag tie iformtekd easagp peitidaered
clains. 33 24 Sept enber 2003 AMENDED CLAIMS 1. A nenory el enent,
conprising: a flcP%‘i“CWeéPé?ﬁ' frPe W%(?éf‘ra“ oaeem&yﬁrv&qnaw fﬂ%?%é@ﬁ'é%é’ﬁe%'l d

first dielectri a sec ielec rmed over sa

conduct i ve%1 ayer %péa ot r?ﬁwﬁ r@%’%iﬂﬂ'éﬁ ﬁ‘ﬁ%%? %‘T" rﬂ°“8|%’8t°w“8§1 fryee or
comuni cati on Wirtdie Skt ,g juctive | ayer, substantially all of said

comuni cation occurring through an edge of said conductive layer. 2. The
menory el ement of cl @hermbmonhesikrsosahowd i Sigurdizek e taltémaledsrtodhdsht af the
sidewal | surface, said conductive |ayer being fornmed over said sidewall
surface, said ef§EoBedsviFe! theppresrne inventioaivderimerebtdf W firstyeantac. 13Pao isrenor y
el ement of claim2, wherein said conductive layer is a conductive sidewall

spacer. 4. The ﬁ%r?#ﬁweérdén@hfpw formediirem typ epach layarsq &6ﬁdhLR:E"FU‘€M dByEP | s
a conducti v | i B8F shoim in. ﬁﬁur@qn&e%e da%ggd& ce%foo%&%br@egm"é@‘ gleﬁﬁhg

conductive layer 1S cup-s e berng arimo cup-shaped

layer. G The rrermrymgurea@m@@fno@& Abwnnk, mé/m@yewbe%@o% ?@gﬁ‘abrﬁat@dSRQ@Hﬁb'
surface of said conductive layer. 7. The nenobry el enen claiml, wherein

sai d edge has atodfigeee SAoprodded ie apsabstratg 10Dara didlechoiess 108 femind coerdharve
| ayer. 34
with sidewall surfaces 128S and bottom surface 1068. The trench 172 extends
pempendicular to the plane of the illustration., A first contact fayer 332 is conformally

25 deposited onto the top surface of layer 128 and into the trench 172, covering trench

20



24 Septenber 2003 8. The nenory el enent of claim 7, wherei n said di mensi on
is between 50 and 1000 Angstroms. 9. The nenory el enent of claim 2, wherein
the area of contact between said programmabl e resistance material and said
tonductive layer is at |least a portion of an annulus. 10. 'gﬁgp :

el ement of claim11, wherein said conductive |ayer conpris%£§§¥ ea%*3one
material selected fromthe group consisting of titaniumnitride, titanium
alumnumnitride, tita iun1ca$bonitride, tit%niu silicon nitrigf, carbon,
N-doped pol ysi | ¢! SHif#cesiTahy A0R JEPLPOtPTTYEacen Wi 14 B§QRT CONIR YR is

nmol ydenum N+ d ilicon, 11 ) | t [ rein
sai d progrannabﬁggggﬁgﬁ%ﬂ 8S&ﬁg?%PPQﬂE?ﬁ§P§%g%¥§%Eﬁ§§g 3%%h§éﬁﬁ§%éﬁfgﬁ. 12.

The nenory el engnpnPEorfthdiifPels 3:?'!]%%@@% %ﬁ%&roﬁ@@r%ﬂm%%&m@&é fhk HfLontally
material includes a chal cogen elenent. 13. The rmenory elenment of claim 2,

wher ei n sai d t ofisREGEpbHEsUsd Gfese Me@l THO FEmAidhg BEHIdHRITT tr@iTist cdrtact yer Je2or y
el ement of claiml, wherein said first and said second dielectric |ayers
are formed of tifter harapisdiredieettiniace médrmeditabs tht Sirst Sidemeatidayered42rdine remaining
conprising: a first dielectric layer: an electrical contact formed over
sai d first di elrastians ef thgyaeeondchcastasd leerdi3d| ase rafered tayasrthe spqead sigowa!l 1avars

el ectrical contact,. at |east grtion of said electrical contacgt bein
sandwi ched bet we¥én Cs"ﬁ?‘ﬁ“’?'l"rtgsf %réﬁﬂd?’éa@(ﬂar 613%?'@6{‘? Fﬁﬁndéﬁeﬁa'&gé‘%{t A &
contact havi ng i  f ag ' ' Nfl.Sal -
dielectric | aye@s%% Egﬁ%&g&p@%@}ﬁ%ﬁ@ﬁé&?@g i Eﬁg aﬂ%téa E}rr%ttt(ta’%“l gft si}llleglcatﬁ %&ggﬁllhg/e
coupl ed to sai o 8xBRRAATHHED 8% the stfewall 4208 REEITREY a 2RBB I rediBe S4B IBRRYd

el enent of claim 15, wherein said first dielectric |ayer has a sidewall
surface, sabd condebdtioresdrfayenodei ng formed over said sidewall surface,
sai d exposed surface being a top surface of said electrical contact. 17.
The nenory el ement dfis optal thal e e icknesgiofithelfiesd sidevall layssidta st supgantially
conductive sidewal |l spacer. 18. The 'mam)ri/ el ement of claim 16, éﬂgr i

sai d el ect ri cal®®#ie K& seiasted Rigiese of V8 first feyact igger 3ge Thedyriress ‘?lgrsgf
claim 16, wherej i i | - I

surface being Zdoﬁﬁa%tﬁ%%r?é?ﬁsﬁ %‘ﬂ%&és%%g‘gﬁg'%%% erv%ﬁg?yzggﬁf&c?{ ﬁ%%a eﬁ?ﬁgérﬁng%ry
el enment of cl aiyRidin thithesse ibBtweadh GbEXPRSAE SHalf A0 ArfgsPorid, adatdfersly ft ame of
said electrical contact. 21. The nenory el enent of claim 15, wherein said
el ectri cal 18onthae¢ a cobgantisysurafoon tithkoésswetwisheabpatl 1002ihd dabhet 388rimgstrastse ment
of claim 15, wherein said progranmabl e resi stance material includes a phase
change mat eri alSimizgy. th ateigl piekness effbhfewond siiaval 126 3ih & ibatagtiglyequal to

progranmubl e r ?hseI sse eiacltqe%eth%eesg io‘falhei srtlegnlmu ceo%taact lgyea}ll’:%ggeﬂweetlh%gr?e@g ‘of g‘lg second
contact layer 334 is selected so that the second sidewall layer 344 may have a
substantially uniform thickness between about 50 and about 1000 Angstroms, and
20 preferably it will have a substantially uniform thickness between about 100 and about
| 500 Angstroms.
A dielectric layer 350 is deposited onto the structure, filling the trench 172. The
top of the structure is then chemically mechanically polished (CMP) so as to planarize
the top surface and expose the top edges 346, 348 of the first and second sidewall

25 layers 342 and 344, respectively. It is noted that in the embodiment shown, the edges

21



24 Septenber 2003 at |east one transition netal elenent. 24. An
electrically operated nenory el enent, conprising: a volune of phase-change
menory material; and 5 a first and a second contact for supplying an
electrical signal to said menory material, said first conjpgd.aB8005i N a
contact |ayer having an edge adjacent to said volune of nenory material.
25. The nmenory el enent of claim 24, wherein said contact layer is a
thin-filmlayer. ard {rm - im. e i
contact |ayer isséﬁb%t@aarrﬁ ng y ver%toﬁgrgﬁﬁlgﬁngggsesgég%cﬁmrgt%nd hggn(r?egrirhoe?%"eygrr?ént

of claim 24, whesgkdricaR, dh& @BEACB4d, 48T ark SatBlaB RAYss-sd@iorS of HAEASEERY ¥econd
el ement of claim27, wherein said contact |layer is substantially

hori zontal |y di spidswall.layzgs 34Phadaresspedtivey.enment of claim 24, wherein said
contact layer is forned on a 2 0 sidewall surface. 30. The nenory el enent
of claim29, wherein Yextdhgificiedidevalsayerade? e elrotvely $tehmth sohbatgheigp edges
consi sting of tr§4n6c sidewal | surface, via sidewall surface, and pillar

h
si dewal | sur Pace34€ &9 etchsd bejayithe tor edgrsf8 91 theadiacaptRgrandcdemalhfayer creatigom
24, wh i id fj t, d ive sid | | . .32, Th
e ST S GOS0 o et
i . . | Tap | t
of "ol ot m 2. wher o BRI 553 THTSK ({TNGHLM . THe ek HAP Y0, ThaEE

said menory nat efoirddd bSTEOS Wik, siféos 4ioxidB CorMRRBY YiitrRleC NRdX:, tAé stlicirEi@4gain
wherein said edge encircles a cross-sectional slice of said nenory

material. ' ' 35chemimllyrewohanicelyepmisiieddb pEhaiiae tBel topmegiaed And englrey thiatithe top
memory material includes at |east one chal cogen. 15 36. The nenory el enent
of clai m 351 Cwhefd5eH 348 ctthgseresstdeniat layfratddds 8xpased s Mp@etydayer e8in inswuatigh oup

consisting of T Se. 37. The ne el ement of cJaim35 wherein said
memory material q?’(ﬁ?{}%gr S0, it layeg?%eaé%tdegquecglaér%mnbgi|a88\fee§; &’PBHB? he
group consi sti Nk f@snowkin Abure P0- SN, As, S, Si, P, O and mixtures or
al l oys thereof. 38. The nenory el enent of claim 35, wherein said nenory

material further inclRe@sngio Figast?, @nesdehanstithé @p ERfead4sedf @@ Bicond sidewald
24 Septenber 2003 39. An electrically programmable, single-cell nenory
el enment, conpri d&yeg;344 is adjacent to the memory material and makes contact with the memory
15 material. In contrast, the top edge 346 of the first sidewall layer 342 is remote to the
memory material and does not make contact with the memory material. In fact, the top
edge 346 of the first contact layer 342 is physically separated from the memory material
by the dielectric material 360.
Hence, the area of contact between the dual-layered conductive sidewall
20 spacers 330A,B and the memory material 250 is the area of contact between the top
edge 348 of the second sidewall layer 344 and the memory material 250. The first
sidewall layers 342 are not contiguous with the memory material 250 and are only
indirectly electrically coupled to the memory material 250 through the second sidewall

layers 344,

25 The materials for the first and second sidewall layers 342, 344 are preferably

22



a volune of phase-change nenory material; and a first and a second cont act
for supplying an electrical signal to said nenory naterial, at |east one of
said contacts adapted to naxim ze the current density adjacent 5 said
menory material, and to mninize the thermal energy flow Bggffiom.sadd
menory material to said at |east one contact. 40. A method of fabricating
an electrically operated nenory array having a cell area |less than SFZ, the
nmet hod conprising three or | ess nmasking steps in addition to the 10 nunber
of maski ng st epsSelf§ted sPohatthertestripal desisivityf ¢fdhe firstl sidewalivayieo 84D is eshihac dteé ng
an electrically €pc(g:ralted merr[)rr{E array having a cell area | ess than 6Fz, the
net hod conpri si neg PSSPy e speend sipvet 58T 34 addition to the nunber of
maski ng steps used f gvgg ocess flow ZJ 42. A, et hod of bri cating
a non- char ge- neasur e(rrgé(ﬁ't%,p 3l e@?{ep%é‘ﬁw %?Y\éﬁea‘fséaé}?féﬂ%’rﬁtM,‘ay%%r‘i"g‘i‘qu
three or |ess magd ' Ik ski used
for a CMOS pr ocess'@?g@ﬁ&g&(}tb §%qiélllhggﬁgg&6%nh&§§}#?%§h %édarmé%pgg pg'tys&%n'
non- char ge- s$ or age titRluethitide alThy iRPSEWRdaydP BB MaPhh@Ya tHIRABYS! sehitdntdbbee Or
| ess masking steps in addition to the nunber of nasking steps used for a
CMOS process fl ®R.ar@dtrorOanl 300 angstroms, and preferably between about 100 angstroms and
.AnY. Al L. AYY. Al | . A39. Al H. AYnF. Anl r. A[ . A3nF. AFl . A3L. AnY. Al L. Al % A. Al . A[ L. AF.

All % AY[ . A F9. AZRORNGSNAMAYN. A. A L. AY. A

| . AL AYR A?. Ah. A. Al . AL{W SV*- h| ~ (o} nid ZU] ca]l cal] calca] cal]calcalca]calc
a] ca] cTa] ca] ca] ca] ca][ré%]s%‘:ﬂ‘eéﬁdﬁ\??/'\@%ég}é?g’pgﬁ@ﬁﬁﬂQf%éf%‘sél‘]]'%\'}"ﬂ%} '&Q]EFEEL ﬂ'@]ﬁca} c
Fpxth( 116! 1 bl e (e #l 9% Y '
cal cal cal oa] ca] 4] Saply SLRE T BAMIRGE T Ut SO0ERIICH 60 SR R EH B8] ol
&&&K " ((fid)) e kBchE' sigewall iayen incude - ftarkum Xﬁiﬁ&@!_ékr‘ﬁ@fC@%rﬁ itf:i@%,cﬁ%iﬁar%ﬂca] c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] calca]ca]ca]c
al ca! F. ... </// 0RhGOOLM 2Bjded fehimD SideGifrfe/ 221086 89O Abpetin polyslicom] el eahs adfcal c
a] ca] ca] ca] ca] ca(] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] cal 99: RUtaniymptnde. The second sidewall layer 132 may have a thickness between about 50
<<, <==) SX>>>?7> AUAAA=B CCCCaEK id Z
a] ca] cai c)z;] ca] cSﬁ%@gfegf@gf i 8@?%?(%%@3}’@%@2%%@2}1 ﬁg]FggﬂJ“g%]f gg%’ %& CK%(;
I\/PbR$T6TTTT:UUVg}¥(gg BZ[[[\S\\\1]]”_"b }xsnid_Z] ca] ca] ca] ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
I b™ " " BaaaDheccchj kkkikéfbirhdrmgdra n 509 squnandt e siPiaphrdd crbical€ abieadicphedd ca) ¢
aJ cal cal ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalcalcalcalcalcalcalcalcalcalcalcalc
a] ca! brr sdsj s| s&30% & 02w be hougwRivemhamngznirst{se§6Edt{L{ ERBehdixs ord sdistrafeciak ¢a] ca]

colcal ool ool ool eibenb sehellanbra) c¥s T selerloal ealoal oal ool ool cal cal el

fI\ id Z :

cal ca] o] ca] ca] Doy Cal T CarLarRaME IS PYE A ER IS Pt PRGN o0faia] co cal ch] ca
} gg} gg} gg} cal ca] ca] qa} cadhen LRl kel ansfR b bealGR) GRh&AbRAkESL pabfRbral ca
LJZGGj F- 3E2¥ xs nilemE@leadlecticn bath] fon |tee keahd ajdeakn adyenben] qak grdt cabicseke] cal ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]cal! +(73>C=J{+}t}xsnid_Z]ca]ca]c

a] ca] ca] ca] ca] cHjeal ExsE aTcgichtval eafpted Fe ajren) e rsad thajugh]ediadrdayet adined cal ¢
a] calca] cal] ca cal VO <&r 9% / 6<. }xsni d_Z] cal] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a} ca} ca} ca} ca} 35% ((:ezijsgvgf (?i]h(‘f{q ﬁéf%‘ﬁ?'@%ﬂ%ﬁ% g @é% 8‘3}’8%1]“(‘5'3% %&ha%qs’a%’ é'&?ﬁ‘{va‘hj | ]6e
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5 ° Joule heating within the dual layered onductive sidewall spacer will occur’in section L2
adjacent to the memory material. This provides for more efficient heating of the memory
material.

in the embodiments of the memory device described above, the first electrical
contacts of each of the memory elements are conductive sidewall spacers formed by
16 depositing one or more contact layers onto the sidewall surfaces of a trench.

A'ltemately, the conductive sidewall spacers may be formed by conformally '

depositing one or more contact layers onto the sidewall surface or surfaces of a via hole.

The via hole may be round, square, rectangular or iregularly shaped. The conductive

sidewall spacers may also be formed by conformally depositing one or mere contact

1S layers onto the sidewall surfaces of a pillar or mesa.

Figure 8 shows a three-dimensional view of a memory structure comprising a
first contact 400, a layer of memory material 250, and a second contact 410, The first
contact 400 is a conductive sidewall spacer formed by conformally depositing a contact
layer into a round via and then anisotropically etching the contact layer to remove the

20 horizontally disposed surfaces. The remaining portion on the sidewall surface of the via
is the tubular shaped conductive sidewall spacer 400.

The remaining space in the via is filled with a dielectric material and the structure

is then chemically mechanically polished to expose the conductive sidewall spacer. A

layer of memory material is deposited onto the top of the structure so that the bottom

2% surface of the memory material makes contact with the annular top edge of the
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memory material to form a second contact.

The conductive sidewall spacer 400 has a annular top edge 402 The thickness

of the conductive sidewall spacer 400, and the thickness of the annular top edge 402, is

5 substantially equal to the thickness of the conformally depaesited contact tayer. In the
embodiment shown in Figure 9 it is noted the edge 402 is a lateral cross-section of the
conductive spacer 400.

The area' of contact between the conductive spacer 400 and the memory

material 250 is the area of contact between the memory layer 250 and the annular edge
10  402. If the entire edge 402 makes contact with the memory layer, then the area of

contact is an annular ring. The éreé of contact is proportional to the thickness of thg'

edge which is substantially equal to the thickness of the deposited contact tayer. Hence,

the area of contact can thus be reduced by controlling the deposition process of the

contact fayer and the size of the effective electrode area of the memory device shown in
15 Figure 9 may be reduced beyond that pemitted by the resolution of photolithography.

It is noted that the first contact 400 shown in Figure 9 is formed as the
conductive sidewall spacer 400 having a tubutar shape with two open ends. Altemately,
the contact may be formed as a cup-shaped shell 450 having the three-dimensional
view shown in Figure 10a and the cross-sectional view shown in Figure 10b. As noted

20 the contact 450 has edge 460 which is adjacent to the memory material. The area of
contact between the contact 450 and the memory material 250 is the area of contact
between the edge 460 and the memory material 250.

The cup-like shell 450 may be formed by depositing a contact layer into a via,

filling the remainder of the via with a dielectric, and chemically mechanically polishing the

2% surface to planarize the surface and expose the top edge 460 of the contact 450. The
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450 and the memory material is the region of contact between the edge 460 and the
memory matenial. If the entire edge makes contact with the memory material then the

area of contact is in the form of an annular ring.

5 Also disclosed herein is an electrically programmable memory element
comprising a volume of phase change memory material, a first electrical contact, and
second electrical contact, where the first contact comprises a contact iayer having an
edge adjacent to the volume of phase change memory material,

Generally, the contact layer is not restricted to any specific orientation or
10 conformation. The contact layer may be substantially vertically disposed. The contact

layer may be substantially vertically disposed, for example, by forming the first contact'

'
4

as a conductive sidewall spacer ona substantially vertically disposed sidewall surface.

Altemately, the contact layer may be substantially horizontally disposed. The
15 contact layer may be substantially horizontally disposed by depositing the contact layer
onto a substantially honzontally disposed substrate. Figure 11A shows a three-
dimensional view of an altemate embodiment of a memory element of the present
invention formed on a. single crystal silicon semiconductor substrate wafer 102. The
memory element 600 comprises the volume of memory material 250, a first electrical
20 contact 610 which is electrically coupled to the memory material 250, and a second
electrical contact which is electrically coupled to the memory material and which is
spacedly disposed from the first contact 610. Figure 11Bis a cross-sectional view of the

same memory device 600.
In the embodiment shown in Figures 11A,B the first contact is a contact layer

25 610 which is substantially horizontally disposed -onto the substrate 102. The contact
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gr has an edge 612 which is adjacent to the volume of memory material 250. The
area of contact between the memory material 250 and the contact layer 610 is the area

of contact between the memory material 250 and edge 612. (As shown, in this

embodiment the edge, is a cross-sectional slice parallel to the thickness). The area of

[@a)

contact between the contact layer 610 and the memory material 250 is proportional to

the thickness of the contact layer 610. It is noted that electrical coupling between the

memory material and the contact !ayef 610 is by way of all or a portion of the edge 612.

The remainder of the volume of memory material 250 is electrically isolated from the first

contact 610 by the dielectric material 628,

10 Preferably, the edge 612 encircles a cross-sectional slice of the volume of
memory material 250. As used' he}ein, "encircles" means that the edge 612 passes'
completely around a cross-sectional slice of the volume of memory material 250.
However, the memory element may be structured so that the edge only partially
encircles a cross-sectional slfice of the volume of memory material 250. [n the

15 embodiment shown, the cross-sectional slice is substantially parailel to the plane of the
substrate 102, however, other orientations are alsc possible.

The second contact may be as a layer of conductive material and is preferably
formed as a thin-film fayer. In the embodiment shown in Figures 11A,B, the second
contact 620 is a conductive layer.620 that is deposited on top of the memory material

20 250 so that the bottom surface of the conductive layer 620 is adjacent to the top surface

of memory material 250.

Also disclosed herein is an electrically programmable, single-cell memory

element, comprising a volume of phase-change memory material; and a first and a

second contact for supplying an electrical signal to the memory material where at least

one of the contacts is adapted to maximize the current density adjacent to the memory

A
N
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Increasing the current density adjacent to the memory material increasing the
amount of Joule heating in that region so that more heat energy can flow into the
memory material. Current density (and hence Joule heating) may be increased by
decreasing the cross-sectional area of the contact adjacent to the memory material.

Generally, the phase-change memory material used in the memory elemenfs
and memory arrays of the present invention may be any phase-change memory material
known in the art.  Specific materals are described in U.S. Patent Nos. 5,166,758,
5,296,716, 5,414,271, 5,359,205, 5,341,328, 5,536,947, 5 534,712, 5687,112, and
5,825,046 the disclosures of which afe all' incorporated by reference herein.

As described above, tf;e phase change materials are preferably directly
overwritable so that they can be set directly to one of a plurality of resistance values
without the need to be set to a specific starting or erased resistance value, regardless of
the previous resistance value of the material in response to a selected electrical input
signal. Furthermore, the phase change materials preferably have a large dynamic range
which provide for gray scale storage of multiple bits of binary information in a single cell
by mimicking the binary encoded information in analog form and thereby storing multiple
bits of binary encoded information as a single resistance value in a single cell.
Furthermore, the phase change materials may have a dynamic range of electrical
resistance values with the ability to be set directly to one of a plurality of resistance
values within the dynamic range without the need to be set to a specific starting or
erased resistance value, regardless of the previous resistance value of the material in
response to a selected electrical input signal.

In one embodiment of the present invention, the volume of memory material
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provides for two disti detectable ggv_els of electrical resistance values, thereby
providing for single-bit data storage capabilities.

In another embodiment of the present invention, the volume of memory material

5 defining a single-cell memory element may have at least three distinct detectable levels
of electrical resistance values and thus be capable of storing more than one bit of binary
information, thereby providing the memory element with muitibit storage capabilities.
Preferably, the volume of memory material defining a single-cell memory element may
have at least four distinct detectable levels of electrical resistance values so that the
10 dynamic range and the multibit capabilities provide storage for at least two bits of binary

information in a single-cell memory element. , '

In yet another embodiment of the present invention, the dynamic range of
resistance provides for at least sixteen distinct detectable levels of electrical resistance

values so that the dynamic range and the muitibit capabilities provide storage for at least

four bits of binary information in a single-cell memory element.

—
w

The phase change memory materials may be formed from a plurality of atomic
elements, each of which is present throughout the entire volume of memory material.
Preferably, the memory material includes at least one chalcogen element. Preferably,
the chalcogen elements are selectéd from the group consisting of Te, Se, and mixtures

20 or alioys thereof. More preferably, the memory material includes a mixture of Te and
Se. The memory material may further include at least one element selected from the
group consisting of Ge, Sb, Bi, Pb, Sn, As, S, Si, P, O, and mixtures or alloys thereof.
The memory material may include at least one transition metal element. The term
"transition metal" as used herein includes elements 21 to 30, 39 to 48, 57 and 72 to 80.

2% Preferably, the one or more transition metal elements are selected from the group
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aracterized by substantially reduced concentrations of Te relative to that present in
5 prior art electrically erasable memory materials. In one composition that provides
substantially improved electrical switching performance characteristics, the average
concentration of Te in the as deposited matenials was well below 70%, typically below
about 60% and ranged in general from as low as about 23% up to about 58% Te and
most preferably about 40% to 58% Te. Concentrations of Ge were above about 5%

10 and ranged from a low of about 8% to about 30% average in the material, remaining

generally below 50%. The remairnder of the principal constituent elements in this
composition was Sb. The percen;ages given are atomic percentages which total 100%
of the atoms of the constituent elements. Thus, this composition may be characterized
as TeaGewSbiooart. These temary Te-Ge-Sb alloys are useful starting materials for the

15 - development of additional memory materials having even better electrical
characteristics.

As discussed above, the memory material of the present invention includes at
least one chalcogen and may include at least one transition metal element. The
memory materials which include transition metals are elementally modified forms of the

20 memory materials in the Te-Ge-Sb temary system. That is, the elementally modified
memory materials constitute modified forms of the Te-Ge-Sb memory alloys. This
elemental medification is achieved by the incorporation of transition metals into the basic
Te-Ge-Sb temary system, with or without an additional chalcogen element, such as Se.
Generally the elementally modified memory materials fall into two categories.

25 The first category is a phase-change memory material which includes Te, Ge,
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in atomic percentages which total 100% of the constituent elements, wherein TM is one
or more transition métals, a and b are as set forth herein above for the basic Te-Ge-Sb
temary system and c is between about 90% and about 99.99%. The transition metal

5 preferably include Cr, Fe, Ni, Nb, Pd, Pt and mixtures or alloys thereof.
The second category is a phase-change memory material which includes Te,
Ce, Sb, Se and a transition metal, in the ratio (TeaGevSbiooa+t))e TMaSe10040+) Where the
subscripts are in atomic percentages which total 100% of the constituent elements, TM
is one or more transition metals, a and b are as set forth hereinabove for the basic Te-
10 Ge-Sb ternary system, c is between about 90% and 99.5% and d is between about
0.01% and 10%. The transition njeta1 can preferably include Cr, Fe, Ni, Pd, Pt, Nb, and,'
mixtures or alloys thereof. |
The memory elements of the instant patent application possess substantially
non-volatile set resistance values. However, if the resistance value does, under some
15 circumstances, drift from its original set value, "compositional modification"”, described
hereinafter, may be used to compensate for this drift. As used herein, the term “non-
volatile" will refer to the condition in which the set resistance vaiue remains substantially
constant for archival time periods. Of course, software (including the feedback system
discussed hereinafter) can be employed to insure that absolutely no "drift" occurs
20 outside of a selected margin of ermor. Because drift of the resistance vaiue of the
memory elements can, if left unimpeded, hinder gray scale storage of information, it is
desirable to minimize drift.

“Compositional modification" is defined herein to include any means of

compositionally modifying the volume of memory material to yield substantially stable

N
m

values of resistance, including the addition of band gap widening elements to increase
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the inherent resistance of the material. One example of compositional medification is to
include graded compositional inhomogeneities with respect to thickness. For example,
the volume of memory material may be graded from & first Te-Ge-Sb alloy to a second
Te-Ge-Sb alloy of differing composition. The compositional grading may take any form
5 which reduces set resistance value drift and need not be limited to a first and second
alloy of the same alloy system. Also, the grading can be accomplished with more than
two alloys. The grading can be uniform and continuous or it can also be non-uniform or
non-continuous. A specific example of compositional grading which resuits in reduced
resistance value drift includes a uniform and continuous grading of Ge.SbxeTes; at one

10 surface to GezSbxTess at the opposite surface.

Another manner of employing compositional modification to reduce resistance '
drift is by layering the volume olf memory material. That is, the volume of memor);
material may be formed of a plurality of discrete, relatively thin layers of differing
composition. For example, the volume of memory material may include one or more

15 pairs of layers, each one of which is formed of a different Te-Ge-Sb alloy. Again, as
was the case with graded compositions, any combination of layers which results in
substantially reduced resistance value drift can be employed. The layers may be of
similar thickness or they may be of differing thickness. Any number of layers may be
used and multiple layers of the same alloy may be present in the volume of memory

20 matenial, either contiguous or remote from one another. Also, layers of any number of
differing alloy composition may be used. A specific example of compositional layering is
a volume of memory material which includes altemating layer pairs of Ge.SbzeTess and
GexSbxnTess.

Yet another form of compositional inhomogeneity to reduce resistance drift is

N
[Va]

accomplished by combining compositional grading and compositional layering. More
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above described compositional Iayen'ng to form a stable volume of memory material.
Exemplary volumes of memory material which employ this combination are: (1) a
volume of memory material which includes a discrete iayer of Ges:Sb»Tess followed by
5 a graded composition of Ge1sSbhsTesy and GexnSbzTess and (2) a volume of memory
material which includes a discrete layer of Ges4SbaeTesr and a graded composition of
Ge14SbaeTes? and GenSbxnTess.
It is to be understood that the disclosure set forth herein is presented in the form
of detailed embodiments described for the purpose of making a full and complete
10 disclosure of the present invention, and that such details are not to be interpreted as

limiting the true scope of this inventioh as set forth and defined in the appended claims.
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F' "10%"& ()- Y'"109v-! M& ()- Y'10%"& ()-Fvud m' 10% & (). I110% & () - -
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snm'10% & ()--0123E+VU4 Y 10% _": - Z10% _": & ()-
110% _":& ()-10"10"10" 710% & ()-+(7|[:vW4 ||10% "1& ()- 3 10% ":& ()-
10% _ " &'() Y10% ":& ()- 9t!10% ":& ()- |
1" A memory elément, comprising:

a first dielectric layer;

a conductive layer formed over said first dielectric layer;

a second dielectric layer formed over said conductive layer;

a programmable resistance material in electrically communication with said conductive

layer, substantially all of said communication occurring through an edge of said conductive layer.

2. The memory element of claim 1, wherein said first dielectric layer has a sidewall surface, said
conductive layer being formed over said sidewall surface, said edge being a top edge of said

conductive layer.
3. The memory element of claim 2, wherein said conductive layer is a conductive sidewall spacer.
4. The memory element of claim 2, wherein said conductive layer is a conductive liner.

5. The memory element of claim 2, wherein said conductive layer is cup-shaped, said edge being

a rim of said cup-shaped layer.

6. The memory element of claim 1, wherein said edge is a sidewall surface of said conductive

layer.

7. The memory element of claim 1, wherein said edge has a dimension corresponding to a

thickness of said conductive layer.
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+710% ": & ()-M)110% ":& ()- (10% ":& ()- 3 S&10% ": & ()-
$Y10% _": & ()-JvU4 3 10%"s& ()- 3 9ml0%"s& ()- F '210%?"45§e f)%y“bﬁrrZOO
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"1098" & ( p- Pl rﬁdnﬁorMéﬂa&tXf Elﬁ&@'&&ex@n thé é]rga@ §ht£c)t 'bet%eéljs% %" nahle
@oY8"& ()-. | s@o¥%8"& () - NA410 3 %109 &? -
9$F1098" &re(S)stancq maferoah arg S@)d condugg‘%ja}&-r (S)ai lepst p:mgw @&f anyanmyfus.
Z1098" & ()-.,"| [: NA41lO oY109%8" & ()- .1098" & () - -1098" & () -
10. The memory element of claim 1, wherein said conductive layer comprises at least one
material selected from the group consisting of titanium nitride, titanium aluminum nitride,
titanium carbonitride, titanium silicon nitride, carbon, N- doped polysilicon, titanjum tungsten,

tungsten silicide, tungsten, molydenum, N+ doped polysilicon.

11. The memory element of claim 1, wherein said programmable resistance material includes a

phase change material.

12. The memory element of claim 1, wherein said programmable resistance material includes a

chalcogen element.

13. The memory element of claim 2, wherein said top edge includes one or more raised portions.

14. The memory element of claim 1, wherein said first and said second dielectric layers are formed

of the same dielectric material.

15. A memory element, comprising:

a first dielectric layer;

an electrical contact formed over said first dielectric layer;

a second dielectric layer formed over said electrical contact, at least a portion of said
electrical contact being sandwiched between said first and second dielectrics, said electrical contact
having an exposed surface between said first and said second dielectric layers; and

a programmable resistance material electrically coupled to said exposed surface.
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17. The memory element of claim 16, wherein said electrical contact is a conductive sidewall spacer.
18. The memory element of claim 16, wherein said electrical contact is a conductive liner.

19. The memory element of claim 16, wherein said electrical contact is cup-shaped, said exposed

surface being a rim of said cup-shaped electrical contact.

20. The memory element of claim 15, wherein said exposed surface is a sidewall surface of said

electrical contact.

21. The memory element of claim 15, wherein said electrical contact comprises a conductive

material.

22. The memory element of claim 15, wherein said programmable resistance material includes a

phase change material.

23. The memory element of claim 15, wherein said programmable resistance material includes a

chalcogen element.
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5 a first and a second contact for supplying an electrical signal to said memory
material, said first contact comprising a contact layer having an edge adjacent to said

volume of memory material.

25. The memory element of claim 24, wherein said contact layer is a thin-film layer.

10 _
26. The memory element of claim 24, wherein said contact layer is substantially'
vertically disposed.

27. The memory element of claim 24, wherein said contact iayer is planar.

15

28, The memory element of claim 27, wherein said contact layer is substantially

horizontally disposed.

29. The memory element of claim 24, wherein said contact layer is formed on a

20 sidewall surface.

30. The memory element of claim 29, wherein said sidewall surface is chosen from
the group consisting of trench sidewall surface, via sidewall surface, and pillar sidewall

surface.
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110% & () G}.Q% &rh(e) memgry/ e en@nt of6 claim| £4 w erem the area of c(o)ntact between said

contact layer and said memory material is annular.

10 34. The memory element of claim 24, wherein said edge encircles a cross-sectional

N '

slice of said memory material.

35. The memory element of claim 24, wherein said volume of memory material
includes at least one chalcogen.

15
36. The memory element of claim 35, wherein said at least one chalcogen is

selected from the group consisting of Te, and Se.

37. The memory element of claim 35, wherein said memory material further includes
20 at least one element selected from the group consisting of Ge, Sb, Bi, Pb, Sn, As, S, Si,

P, O, and mixtures or alloys thereof.

38, The memory element of claim 35, wherein said memory material further includes

at least one transition metal element.

o
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20

a first and’a second contact for supplying an electrical signal to said memory
material, at least one of said contacts adapted to maximize the current density adjacent
said memory material, and to minimize the thermal energy flowing from said memory

material to said at least one contact.

40. A method of fabricating an electrically operated memory array having a cell area
less than 8F°, the method comprising three or less masking steps in addition to the

number of masking steps used for a CMOS process fiow.

1

41. A method of fabricating an electrically operated memory array having a cell area
less than 6F? the method comprising three or less masking steps in addition to the

number of masking steps used for a CMOS process flow.

42. A method of fabricating a non-charge-measurement, electrically operated
memory array, comprising three or less masking steps in addition to the number of

masking steps used for a CMOS process flow.
43. A method of fabricating a non-charge-storage, electrically operated memory

array, comprising three or less masking steps in addition to the number of masking steps

used for a CMOS process flow.

36

4 Septleslt h393] ¢ A
Rcx4! r"k$% f () +:-./ 14E6b8: ;



