; 9:;<e3eqj ] ktnjvn g6VgTgqqRepl acenent Sheet 24 Septenber 2002 ELECTRI CALLY
PROGRAMVABLE MEMORY ELEMENT W TH | MPROVED CONTACTS RELATED APPLI CATI ON

| NFORVATION 5 This application is a continuation-in-part of U S. Patent
Application Serial Nunber 08/942,000, filed Cctober 1, 1997. FIELD OF THE

| NVENTI ON The present invention relates generally to a uniquely designed
solid state, 10 electrically operated nenory el ement. Mor@.gReGIfdeal 1Y,
the present invention relates to a new structural rel atiopsibiemieboyeen the
el ectrical contacts and the menory material which are integral parts of the
renory el ement . BACKGREUBBTANALH Kb ARK MRS uERR CEBEREQY | S a
proprietary, high performance, non-vorlatli I n- m el ectroni c nmenory
devi ce. Its advantages include me\rmbRU\AE@ fSDNrraLof data, potential far
high bit density and, consequently, |ow cost because of its small footprint
and sinple two-term nal device configuration, |ong reprogrammng cycle

life, |ow programmng energi es and high speed. The Ovonic EEPROM i s capabl e
of both anal OMMM nformati on storage. Digital

stor age can be eit h1“1:“1 ?éprllgaltﬁn r?ne cgn nugtron-rrrtné r g?_;: :F%aéer}g.g %J'Iréati T%t&g'l y

(nultiple Dits per cel e genera conce

veritabl e and \graepbb /B4 PHRSReFBABLSG 1NMRdT i al s (| ., Mmaterials which can be
programmed between generally anDrphous and generally crystalline states)
for electronic menory applications is known in the art, as is 2 S

di scl osed, for exanple, in U S Patent Nos. 3,271,591 and 3,530,441 to
Ovshi nsky bot HEIEED @hiTHE INVENHOAN gned to t he sane assignee as the present

i nvention, and both disclosures of which are incorporated herein

ref er ence. Repl ac BRERiEsesh Swention realss cIasErlly o 2 *FH‘E”%PF?}QWa%'dC%%‘ﬁge
material s éjescer ldec{ﬂ EFhe rré%%rbgtggxent‘l%re tegﬁ y"tﬁ‘er Sre?&?%ger?rgn ?Qﬁ{a‘?%s in

| ocal structur és I'n structura der were

acconmodat ed taynat S cEurdl rQIBThERR betve i &Ie%lél:ﬂ%ﬁ%rﬁ‘a%ts"‘bﬁ&‘ﬂt@ n‘téaﬁorrrﬁtaernaal

Such atomic mgration between the anorphous and crystalline states required
a tinme necessamjchtate acgarpadalf hehieenany gementon, t her eby nmaking the

programm ng tinmes and progranm ng energies relatively high. The relatively
sl ow (by present standards) progranm ng speed, particularly when progranmed

in the direction. o reater | ocal qorder (in the direction of increasing
crystallizati K U N Ty hi gh input energy needed to initiate a
change | ocal 10 r t cells
descri be E:’n t he ' gg%[ QX‘@%E% a?en?gbr%%?n%rgges@r@% Ug‘SeL ‘%510@5 g @%t and
uni versal r ep'e&%@éﬁ@&reﬁr@& da{hé‘éa&tadv&ﬁiq&tu% iudEBHERIV¥lafP Blotg@ lof Bit8, potdmell as
tape, floppy disks, magnétic or optical hard disk drives, solid state disk
flash, DRAM SiAMh tdntknsityaketcohseaséntigeoweyst hébpiseosits snajriodtprmaamd ghpiehese

limtations was the relatively high energy input 15 regui red to obtain
det ect abl e ch&MySMiNAl eicecerREAPUERIONa IRDC ORPEREEITION | XC!d offdilowy RERIMMGBat i ons

Cocal or der . FAESER GBR MBaPeth o, ttﬁré%étrh?tg%aﬁe‘ﬁp%ﬁ&%a’hﬁeéé‘%ﬁ g "
typically 2dma$é+{n§%1f 'irt?orﬁrgﬁ“on ﬁrrtﬂ'gfe ig%?? gr ecg}t%ré%rtﬂétlb% {Oﬂé lﬂﬁélerdmprﬁo ot ed

that this anmoun ener gy to each o nory efements
in the solid sbBopmimistatenRitipe®nSpanrdy2 0 colums of nenory cells. Such
hi gh energy | evel s translate into high current carrying requirenents for
the address |ines anelgémaraitcbrecepidf |utiizgl edtrinallyasitiats sndlerasabie gresechaiged with
each discrete nenory el enent Low Progranmm ng energy is especially inportant
when t he EEPROWEEMAlsd. %sreaemaiﬁ wimar eRn eeprgragmEd weeatgsnarg@ arugrepys@nghi s

manner, the EEPRO\/F | ace the 2 5 nechanjcal hard drr%es (such as
magnetic or ofEf y%}’ﬂ"‘a 5P BpCHRPIEIRAPOT GRPYGEYARS is known in the a as is

25 disclosed, for example, in U.S. Patent Nos. 3,271,591 and 3,530,441 to Ovshinsky both

of which are assigned to the same assignee as the present invention, and both

disclosures of which are incorporated herein by reference.



2 Repl acenent Sheet 24 Septenber 2002 systens. One of the main reasons
for this replacenent of conventional nmechanical hard drives with EEPROM

" "hard drives" would be to reduce the conparatively |arge power consunption
of the mechanical systens. In the case of lap-top conputers, this is of
particul ar interest because the nechanical hard disk drive is one of the

| argest power consuners therein. Therefore, it would be espgstddnt Sheet
advant ageous to reduce this power |oad, thereby substanti a4 $epteinmce@masi ng

the operating time ofretdd@ L arge of the power cells. However,
if the EEPROM repl acement y?g%%%%ﬂ%egﬁétg asn%%&”%‘?ﬁi e E%’safﬁﬁ gh1 Salenisivieny

ener gy requir eri@ies of ashdngdre mefos esrigh) r ' nts), the power
savi ngs may be inconsequential or at bes?gﬁsﬁgﬂhﬁf‘%ﬁ %‘fé‘tr“éaﬁ SFET &y 1 o
' EEPROM whi ch i SYRGIh@cemmsideied o ammimnigationbs RABENdRWhhSSe hOWal such
pr ogr anm ng eneyay. ' Also significant were the switching tines of ?He
el ectrical nmemory et 8Pl LEYERSEr iNBe@mPRheUse a@V shstaiky akENbsured NESRe

materi al s typi ¢gk j tj in the range of a few mlliseconds for
the set time (t heést¥?f?rg8rg‘léc%ﬁﬁ?°ed5g{%e SUFBYOR. PRebwatasing dhe prograrrirng drees and

anor phous to tbﬁ)gﬁ{n)fﬁihgh,l-,éra,gs%éﬁbg%higﬁnd approximately a m crosecond for
the reset tinme (the. tinme required toswitch the material fromthe

crystal line back toThdelanvey §60Us opdsdhEkands .phase change material s
and nenory cells having decreased el ect réimcaloggé/(n%rgﬁllnh% PPRE SAGRYary when
programm ng enBP§iEE s & Hes dirdctierd of grezamoe Yord@$ Sird R gkcion 2 9 leeaats‘jggr}lt No.
5,168,758 to Q/ss%%saﬁ the di sclosure of which is incorporated rby

ref erence herei’n: ) SR Ireiatively highdrnut eoerby péetee te haages BRdngé krAbsy and
menory cehbs agg i jn co nly assigned U S. Patent Nos. 5,296, 716,
5,414, 271, 5, 359‘?’2’%@’é @ﬁ'%ﬂ T%%?‘%@F@We%%m!smmm 68fe 542 andiagh

5, 825, 046 t he ght&fd OB @7del [ ||, i_ngorporated by reference
herein. Still further exanpf)rees O%Qe%re‘gtg'lrec |a”§h VeSS renacREentrier earesent and

menory cel | s aoeppteowiedet) ddliCBEAED B B350 ent 3 . Repl acenent
Sheet 24 Septepber 2002 Application NoswoeBﬁ%%}&é%Fggé?%(?ﬁ,c’%tf??',haéqﬂs“

08/ 942, 000 al 197%ts. S Gtrtaiex fasboDRAM BRAM byaseéer RRR tRRei N. Ceneral |y,

t he di scl osed phasg. change, materials can be electrically 'switched between
structural states drcdem rS%QI”F’(jafér?éﬂitﬁﬁéwﬁ"tatmsg'easethalrélytfvelws@rabﬂwér@ﬁmk&cal
order. 5 fldhe FEd Ak SotBY flso. be el ectrically sw tched between different
det ect abl e stﬁs o?bl%cal %rtecf%b%agl’%’ggs tthdhe (fherisals prsdferr elrttivatcws@ing

conpl etel y anoorffigotaGonét t5&¥RA) i talline states. That is, the
switching of such materials | s&; thMErz @3%5‘%@'8 YE QR 2 cetegiabipebange in

conpl etel y amscpids. dhd eatiphieherlgy rﬁhb‘é“é@!swt%m%%%g%ﬂggégﬁgher can be

swtched in increnental steps reflecting either fMeaswaf

order, or (2)"dR&R§es of 8baut avuitmjorleot shudd 68 nBRH halBiChrhat oh@ﬁé‘rd& ust
di fferent Iocg% dervder so as to provide a "gray scale" represented by a
mul tiplicity of “cORGtPHREN A theErMopr elementp im triengplid keatss pReix! 8 ToheLMEEN t he

conpl et eby anBdiphAUS AL c tely crystalline states. The phase
change materials exhibit r%??”fse%%Qﬁe%‘FWd%ﬂefsdﬁﬁﬁla@t'@pifﬁghi agettapeyity Ng

upon its st atrequifedien®XahP bl | ous, state the material exhibits a
hi gher electrical resisti \%ﬁd?}etg%gie%i%%%%&" FHatonaderess; deyiqe aseodiatest . The
phase- change withteach dissrermerhsrybidmemn- vol ative and will naintain the
integrity of the information stored by the nmenory cell w thout the need for
period refresh si $AHIRSGrABMIN dnergy NeeshebiblThpsFanelhdl fie REBRRIAT £L Ay
directly overf¥¥r|irt ablaﬁﬁ so that they can be set to directly to one 01°%
plurality of Te3PSCatRaTONR AR tUsedin thisenanaed te ERRROMS wb@d Aepicd rePeci f i ¢
startingor i.stance value, regardl ess of the previous resistance -
val ue of theerlirf‘!x’ala:lifi %??d;ﬁgﬂidn ”P’%%ESHF{%@S fra9nets or epYcabinast doves) ohpresempusmaitgnal .
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 mcking the binary encoded information in
anal og formand thereby storing nultiple bits of binary encoded 2 5
information as a single resistance valye in a single cell. 4 Repl acenent
Sheet 24 Septenber 2002 SUVMARY OF THE | NVENTI ON An obj ect of the present
invention is to provide a nenory el enent having 5 reduced progranm ng
energy. Another object of the present invention is to provide a



menory array having reduced cell area. These and ot her objects of the
invention are satisfied by an electrically progranmbl e, single-cell nenory
el enent, conprising: a volunme of phase-change nenory material; and a first
and a second contact for supplying an electrical signal to 10 the nmenory
material, the first contact conprising a conductive sidewall spacer. These
and other objects of the invention are satisfied by an el egfiidegiak bhtet
operated nenory el enent, conprising: a volune of phase- changgnBainoog
material; and a first and a second contact for supplying an electrical
signal to the Lal ya; | rising a . contact  |ayer
havi ng an edgeggg?gzeﬁﬁéFéhﬁﬁgabggﬁ%%gﬁ%tﬁ%ﬁ%ﬁﬁggggﬁékgif% 9%%Hg§@ggné

ot her objects i tdiees WteBEPROMANEdSEESTIGL BY & rémRicb ok e&@%@g%b&g an
electrically operated nenory array having a cell area |less than 8F2, "the

met hod conpri spavger tdsempton df dssmenhakical gysdnep Sin itte @de ot laport@mblersniber  of
maski ng steps used for a CMOS process flow. 2 0 These and ot her objects of
the i nvention ¥P8risee igierestbaspus theMeeansal Hashfisk diverig oamofdheleaesiamey
oper at ed mgm)r%D arral¥é€avj ngwa cell. aref | ess than 6F , the nethod
conpri si ng~t hr 8PP deeRasKIFYOE B peUh 2 §8P90n 0¥ERIREOHT fhEdUe’ tHiski ng
steps used for %3% S . obj 0

i nvention are ps%tei st 'eﬁ{ egflb%a&r?é ﬁ‘g&y ;ép '%? g%?irt}gea é%g‘[”ﬁ @%Q the Jomtpn%r per

non- char ge- neagiargerat e pdle® bils! HRlkYer OP Bl TR MBI dtefHehB%r mEHARICAIHaR
three or 5 Repl acenent Sheet 24 Septenber 2002 | ess masking steps in

addition to th¥ivasndsemgrodwitebisk emggystepemesn dafdtherafo@Viibh povee esgirérheus), These
and ot her objects of the invention are satisfied by a nmethod of fabricating
a non- char ge- s'®PAYE\ sBINgetMayckA Ngonspeveatial @ mb pestyunsrbdgntiale oMsrdferengnit hr ee

O e Al i b B A e, 5 P D T LSRR T
energy. ‘

Also significant were the switching times of the electrical memory 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 crystailine 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.

2C Patent No. 5,166,758 to Ovshinsky, the disclosure 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, 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
are ail incorporated by reference herein. Still further examples of electrical phase

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



Figure 1 is cross-section view of a nenory device of the present invention
10 conprising conductive sidewall spacers; Figure 2 is a
cross-sectionaRview of a nenory array of the present invention,' parallel
to the channel |ength, conprising conductive sidewall spacers; Figure 3 is
a cross-sectional view of a nmenory array of the present invention, parallel
to the channel width, conprising conductive sidewall spacefgscehanEigure 4
is a schematic diagramof a nenory array of the present inyvepthefzodi gures
5A through 50 show schematic cross-sectional views for the sequence of
process steps AgicdiolNo§ aleidr8 870 odmizaY, o @Yo2look RE oPLASE e LOMERLLPN:
Figure 6 is a cross-sectional view, through the width of the nenory array,
of a nmenory arbyagfednce hereippr esent i nvention conprising narrowed conductive
sidewal | 2 O spacers; Figure 7 is a cross-sectional view of a nenory device
of the present i nvErRTEEY.cBasisCiopetyPitasalchprgeematrnals van dei afectisatiesveiched
spacers; Figu%ggéSAxéhrouph 8E ghom/schenatic cross-sectional views for the
sequence of priotEes LHEHE P PLETCERlY PREPRORFS JRNE@Y exstailifreal prigr

dual -1 ayered I ' ‘ ar S Repl.ac nt eet 24
Sept ember %oogﬁ%ﬁgﬁé’éﬂ%mﬁ a%b?g %‘r’)%leé_m&lﬁ I&%&@F%er?a?en«/?e@wg ?rergr%éeﬁﬁg{)e %?tg'?@h of
the present in¥@nbideNaGesERhé ShitE sPeck O tdtided LofbRENPAho mg%dfc%?%%u na
via;, Figure 10A is three-dinensional view of a nmenory el enent of e
present i nventdctalicespatdssi That &, e pwidraiped sach fhakealyist dbt aRuPEER @Rdpiad acent
to the nmenory 5 material; Figure 10B is cross-sectional view of a nenory

el ement of t h@epraesctamAiaR)e fomhoe AP iceinpigtely cygiaipieagiatds Sut fallve canttle an
open end adj acent to the marTFr rrai%hje al : Fi Pure 11A is a three-di nensional
View of a mengh)CEPdMERETRER HEPsIStesTRRherAT BNPS o IBHATHRT o1 @)@rneRs acent

to the nmenory . Lal. I ] ss-sectional . view of a
nenory ellerez)mentI A@f‘%g* %Nogdgﬁ%oi%ﬁ \i/%#](g:ﬁaﬁggh%rgﬁtlé‘%forﬁg@%rasatajpéocvé t% 95 he
menory mat eri akale’, repledéMtéd by PRIl |dPRbrAdmondBr LAYERE: %br’r:ﬁr%%é’ spectriim®
cross-sectional view of a nmenory device 100 of the present I5 Inventi-on
formed on a sémiveendurtanplatelhatoaneusl 8 thd leempre@yTcyystiltivie Geitsk00 ThO Pddes S
two i ndependent single-cell nenory elenents. The first single-cell nenory
el enent conpr iCBEYedNIteat expipi diferent sieaicaimbamcipnistias dereating apen its2fde. Bord
second contactﬁéﬁ%..Tﬂg secgnd sing{e-cell menory el ement conprises first
contact 130B, © Py" FREEPPEPUS SiFie fesagienal Rikils Adiane@IRttarat resistyity le@n dhown
in the erhodi %&inﬁ?gﬁ’%\aﬁi @ Figure 1, two nenory elenents nay share a
singl e continuos volu of phase change nenory nmaterial. The insulative

| ayer 260 provi desThephakatbhdetnbtehadhd kg moRebiuRa knt bai ﬁﬁﬁ@h}&n%&ﬁﬁ@a' 250
and the horizontally di sposed section of the second contact 270. The

i nsul ati ve | ayéthe 28@malicostoned by desnamdrp esinmithobd tae Kedd fsespion gefleetigener gy

wi thin the menory material |ayer 250. The dielectric region 140

el ectrical |y iAot B subject matesials agnereferably dieatg@remvrighletshéhat iheg cacionsedct

130B. The fi r§t CO t?cts 130A, 8 ,%nd t he second cont act
o directly to one of a pluralify of resistance values without the need to be set to a

20 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 muktiple bits of binary encoded

25 information as a single resistance value in 2 single cell.



7 Repl acenent Sheet 24 Septenber 2002 270 supply an electrical signal to
the menory material. Upper dielectric region 180 is deposited on top of the
menory device 1CO Preferably, the upper dielectric |ayer 180 conprises

bor ophosphosilicate glass (BPSG. In the enbodi nent shown, the first
contacts 130A, B are conductive sidewall 5 spacers (also referred to herein
as "conductive spacers") forned al ong the sidewal |l surfacespld28s: et he
dielectric regions 128. (Sidewall surfaces 128S and surf acesepdmbdrotan a
trench extendi ng perpendicular to the plane of the illustration). In the
specific configuration depicted, the volune of nenory material is a planar
menory material |ayer 250 that is substantially horizontally di sposed and
positioned 10 above the conductive sidewall spacers 130A B so that the
bottom surface of the nmenory |ayer 250 is adjacent to the top of each of

t he conducti vesSspwaarY OFITHIANBENMTON € "top” is defined relative to the
substrate). Preferably, the nenory material is adjacent to an edge of the
conducti ve si dewal [Anspriedrof the prasentemmstipmento sregwa 4 memiqu ekt béengrenor y
| ayer 250 is 15 adjacent to the edges 132A B of the conductive spacers
130A, B, r egped'F?‘{Fé{’ PrOSRNTIAS e@?fﬁbdgﬂgﬂ?r BRFA| e REESBgBEMYDA 1B PEIVEE |33t er al

Cross-secti Onsmf%fgfQﬁ%@fﬁ?f@ﬁ@ﬁ}égﬁeﬂ%?e%rS 130A, B. The area of contact

bet ween the nmenory’ nma e cohductive spacers 130A,B is the area

of contact between thb& FRIMtNeNBQAd 3F REAnIAGorC AL Satlshéd i a? JediROfe, the
only electrical coupling between the menory material and the conductive

spacers 130A, Brogarhdasegéingé-teliomecyosiément, odmprkiage dortunie3 2 pRaseEhgnge
remai nder of the conductive spacers 130A, B is electrically isolated from

t he menory nateemey mMyendi endeafirst end e geeand cop@ctaintsuppling Eneeienatieal sgral tonent s
of the present invention mat\gh be el ectricall cougl ed to 2 5

i sol at i ontSel &8 MEREY TR EEIefiry coHact APRsEigRfoNiyrie Fepvaldescefo form a

mermory array. 8 These and other objects of the invention are satisfied by an electrically operated’
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, the first
contact comprising a contact layer having an edge adjacent to the volume of memory

15 material.

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 8F°, the method
comprising three or less masking steps in addition to the number of masking steps used
for a CMOS process flow.

20 These and other objects of the invention are satisfied by a method of fabricating
an electrically operated memory aray having a celt 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 fiow.

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

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



Repl acenent Sheet 24 Septenber 2002 The isol ati on/ addressi ng devices permt
each discrete nenory cell to be read and witten to without interfering
with information stored in adjacent or renote nenory cells of the array.
General ly, the present invention is not limted to the use of any specific
type of isolation/addressing device. Exanples of isolation/addressing
devices include 5 field-effect transistors, bipolar junctiRadfh@RShest O S,
and di odes. Exanples of field-effect transistors include J3kEhand 2043SFET.
Exanpl es of MOSFET include NMOS transi stors and PMOS transi stors.

Furt her nore NVES @@ekimVEBPady aggitan ivethe grumbdr oh makigng ateps alsep féroa IBMID
technologies. Figure 2 is a cross-sectional view of a nenory an-ay
structure 200 REH5F{¥ng 1 a the menory device 100 described above. Each of
the nenory el enent ovice, 100 is el rical |y caoupl to.a

sel ection/isol ati oﬁrh%fg%?ﬁga\%ri %ﬁecllssc?imr? "?Vﬁg ?noarrgn%% h%nb)f\l%//fﬁg'{ogéjﬁgalbgf%m The
nmenory array Z0QoRRNarkesbrigeed ] abraR lcbeRRs ) or
waf er 102 which is p-doped gahge%ﬁ%%fpgﬂf gébg-giyubr??'r ac?@eﬁgé@eﬁl%ogg%ggi tion
of the remai nimaskelgenantis adbitiérh® thenlinper dAtrhazring Istans Lsad ed.a 3ROThEodES
transi stors include n-doped source regions 110, n-doped drain regions 112,
and gate regi ol#%. 118. The source regions 110 and the drain regions 112 nmay
conprise nore than one portion of n-doped material, nanely a lightly doped
nportion and a nore heavily doped n+ portion. The n-doped source regions

110 and drain %Ekﬁﬁmgﬁé?ﬁgbﬁﬁmé¥ 2 0 channel regions 114. The

gate regions 1 ove 1 ann regions 114, control the flow of
current fromthe squgee 11 8HORSekdnl iy OF 8i Meh&Yi RSe LANRYGRbhEREhaGNE!
regions 114. The gate regions 118, preferably conprise a | ayer of

pol ysilicon. Separisitg cgpdutiee gabwalrspgtedns 118 from t he channel regions 114
are dielectric regions 116 which are preferably layers of silicon dioxide.
2 5 Associ at ed wi t IFigue2dharmrss-segighaiviewldiza memary' ataxmidhe bresert mvealivd, a
"channel 9 Repl acenment Sheet 24 Septenber 2002 width". The channel 1ength
i s the di stanc@ Pt A aRA [EBIHFPTHAHIHCINYTHiuR SdewSPEERIFinel 1 ength i s
oriented parallel t cyrrent fl e rreqions, which is
parallel to the pl ﬁr‘%}%s s{%ec:rofs%saétxtoﬁ%}’tv%vhgﬁ Q’Ef"g&r%@.“ hepﬁef’éerﬁ&vﬁmogf t he
menory array igardiBQo tHeMBBSHPRidl cdhGisRb tatuBRealde@hi {fackle channel |ength.
5 The channel width is perpendicular to the channel length and is thus

per pendi cubar to tgue asa stherhétie didgransbfraahéensry @frayofghe pregent ihbdéntiomi dt h"  of
the nenory array is the dinension of the array parallel to the channel

wi dth. Figure 3 is Figussdsthenioh §Raghowiseieregtic cinss-reayonal views 49r the semsengee 200
parallel to the channel wi dth, The view shows a@f' ural ity of conductive

si dewal | spacé¥ BOGRISHPPS Y fRpTERING; RaymeTioty aERuefdlr PIESARt BMROR: C ot her by

di el ectric regions ] | W dt t y.array. Referring
again to Figure 2, i %gen?& nggg%?e%géﬂagwgw,%ﬁugfﬂew f“"r"(;?rhrreoél |enm¥rﬂ8wrﬁr'36p°éc? drain
regions 112 Crn?@rﬁd(KQarFa?DofnﬁieQPFé@éﬁtnﬂverﬁb@%Fn'pﬁﬁrl\d YralrSW0 A IBAYER Bidkksll ONS
112 for separate ransi stors. CGenerally, the channel stop regions 113
have a contluctspaders; t ype opposite that of the source and drain regions 110,
112. In-the NMOS :5 environnent shown, the channel stop regions 113

conpri ses p-doped Sigurechis. a Tioes-sdetionabliewobp maminpdevicel & thepresentfimentnt by
the inplantation of boron ions using well known ion inplantation

t echni ques. FGP’HB‘&Fi%?E'an%d@%ﬂdéCqu&F%' P3¢ re netal regions 120 which
f bl ise a | f t il.icide, Mtal. i 120

Used o del iver t hosureschy ken 5 CARY Shhefratss Sk ooriyle v S soend.”

metal regions of 2Rceed BKk RFFARSathES MY delict %smﬁﬂmraﬁag%g@%? Shidichir €

(parallel to the channel w dth), perpendicular to the p t he
illustrati®dn gikdelalpspacerg, and farma first set of addressing lines, in this
case the x set of an x-y grid for addressing the individual nmenory el enents
of the array. Fornmed above the netal regions 120 are the dielectric regions
122 preferably 2 5 conprising a layer of silicon dioxide. The dielectric
regions 122 electrically insulates the 10 Repl acenent Sheet 24 Septenber
2002 netal regions 120 from nei ghboring regions of the nmenory device. The
stack of layers 114, 116, 118, 120 are ébllectively referred to as the gate
stacks 124. Dielectric regions 128 are formed on the sidewall surfaces of
the gate stacks 124. Metal lines 190 are fornmed on top of the upper
insulation regions 180 and 5 extend across the length of the nmenory array
structure (parallel to the channel length), parallel to the plane of Figure
2. Metal lines 190 forma second set of addressing lines, in this case the
y set of an x-y grid for addressing the individual nmenory cells of the
array. The nmetal lines 190 may be fornmed froma conductive material such as

e o A . o, .



15 Hence, associated wth each nenory el enment of the nenory array structure
is isolation/addressing device which serves as an isol.ation/addressing
device for that nenory el enment thereby enabling that cell to be read and
witten without interfering with information stored in other adjacent or
renmote nenory elenents of the array. In the enbodi nent shown in Figure 2,
the isolation/addressing device is an NM3XS device. 2 0 Ref@pikdeRéhbReFi gure
2, the electrical coupling between the nmenory naterial 2504 sépiefusér 20602nt act
130A, B, second contact 270, isolation transistor, and addressing |ines may
be summari zed as fal T ansi st or ate regi.on 118) is
electrically conne%!fdélgg\%o'sa%%{%ﬁe éég'?a?]d'e}'vi ﬁ%g?ﬁ'ngrpé'lg ?l%ra?rﬁnc’ffg%)p,res%ﬂte
transi stor drahRnfch @mipiseghemdldfl siidwsl Setédislebyr £Qgnected to a
y-addressing line (netal |Irne 190 via conductive plug 2 5 144), the

transi stor source (Fano CeArieghreediikAdions vEweot bi @ambly €ONERCHfefle bresente
termnal 11 Repl acenment Sheet 24 Septenber 2002 of a nenory el enent
(first contactnvEBDR eMRLSOB). cuPisbarsdrarfaceewith arabpayf enchadjaenitoythel eeinoy
(second contact 270) is electrically coupled to a voltage source Va (not
shown in Ff gur®®¥ Figure 4 is a schematic diagram of the menory array

illustrating the el i cal I e f.lhe ry _elenents
110, a correspondin %H lle[ﬁggl-se ?gg?e&ﬁagﬂ%ivlsa%ﬁ%ﬁ@@lﬁ grﬁirg,of%ﬁéaregﬁg%%von
addressing | i n@mpdddy a d30sHaBad sfaBe WEPsh ddeneal aghterlotne RemBRndisad t he

i ndi vi dual menory elenents. The FET is preferably a MOSFET, and nore

preferably an NMOSFiguensistsar threbtdimersmhall wew bhe mohEdiemeyt Hagingalkbhdect 1t 1S
noted that the x and y addressing lines are connected to external circuitry
in a manner 10vhigslis a Reriew layer adireed tastke Megwni matetdd andt . As shown in the
schemati c_di agram _t he qate of the FET transistor is connected to one of

the addresSing I'i nESUH IR BIRSEPHEATA e8P BSEBRY Plemerh Bayigaf soptact
connected to .0g. i i.n an alternate enbodi nent,
source of the%@%ﬁ%?g?@gg%g%%lu ?frtetgd&ﬁ%g‘,é%wrgéct%% to the second addressing
line. 15 An enbodi nent of a method for fabricating the nenory array
structure 200 fromFigure 2 is shown in Figures 5A-50. Referring first to
Fi gure 5A, an DEVAR BD BESCRIRMIONMOFIHEINVENTIONDr ovi ded. Fi gure 5A shows a
cross-sectional view of a portion of an NMOS transistor array conprising
n- doped regi ons 116icamd 1192 €rosnsegtianal vew-ef o Eeemanh sleviea d0Q @2 theT higsent
transi st or arr_z%yni_ ncl udes gate stacks 104 which include dielectric 2 0

region 116 gd1@"18gIWRET 1B e mfonugPioAUbsYBteA AP di Bl SIEMOPY FBY1%9 22.
Dielectric regj r S| ' Ld I 1 n.the

si dewal | surf %%@E'%S% %2“’8%%”@%‘%&@%&&8%%@ S Teits. ?wgé‘lg“f SRAS TG mehory
preferably folm@énf éiprigesth fkOhiabc130R! BEhSY it @ver BEORNAXE&RG c&ithdcon
di oxide, or silicon nitride. The thickness of the dielectric regions 124 is
pref erabl y betieerThazeutndiyiaaistenoy etntni 0&priseg Sitst oortact MOOR rRerbory
preferably between about 600 and 800 angstroms, and nost preferably about
700 12  Repl SedsrahiayarZbot andisesend edfiteat 22002 s Hgwn (rothe. emiledimephehwsnbiet ween
the dielectric, regj %pi? 124 formtrenches 170, 172 extendin er pendi cul ar
to the plathe SIOUE W MESIOPLERTINS EY Ak 3 SPoleicPRINuARYTS B st 98 hown)

be f d - eqi 112 el ectric. 126 i
Cont ormal | v SRR maRal THERR R RIRP 2ed pbviate for el P Rbar S he 110 10
resul ting str afeménEma@RR 250 ahd the ORI Bispds8d sEctioBof thBQeddMabmnegs7ef the

dielectric layer 126 is preferably between 100 and 500 angstrons, nore
preferably beffheesualveudyet 360 astipratigesta Bednahbigaikeat REEbingaeadt emesdy vathiaftes abl y
about 300 angstrons. The dielectric layer 126 is preferably fornmed froma
mat eri al suchmegonETEey javer, 259i The dplednorpige 14Q eledridallyispiates theifike comagt Next |
the structure 500B is appropriately masked (i.e., deposition and patterning
of phot o@é’sisﬁ?&éﬁﬁ“%‘? g%f?‘gﬁc&é"l’q RS 'Ha?t%ﬁmfegtaﬁgnéﬁ g4eeed Feneadt ayer
126 fromthe horizontally disposed bottom surface 173 of trench 172.
Specifically, the nask is patterned so that the anisotropic etch renoves
the dielectric |ayer 126 fromthe bottom surface 173 of trench 172 but does
not renmove the dielectric layer 171 fromthe bottom 15 surface of trench
170. A cross-sectional view of the masksand the result of the anisotropic
etch is shown as structure 500C in Figure 5C. Next, the first contacts
130A, B of Figure 5 are forned. The first contacts 130A B are formed as
conductive sidewall spacers along the sidewall surfaces 126S of dielectric
| ayers 126 within trench 172. A contact layer 133 is conformally deposited
onto 2 0 structure 500C. The resulting structure 500D is shown in Figure
5D. The layer 133 is deposited on the sidewall surfaces 126S and bottom
surfaces both trenches 170 and 172 (of course, the bottom surface of trench

A Nt o o N A NS\ —— Y e .




2 5 surfaces are covered by the contact |ayer 133. 13 Repl acenent Sheet
24 Septenber 2002 The structure 500D is anisotropically etched to formthe
contuctive sidewall spacers 130A, B shown in Figure 5E (structure 500E). The
ani sotropic etch renoves the contact |layer 133 fromthe horizontally

di sposed surfaces. The contact |ayers 133 renai ning on the sidewall
surfaces 126S of trench 172 are referred to herein as 5 " Hegl@umbd: sheayers”.
These sidewal | layers formthe conductive sidewall spacers433@Ab8.2002
Conductive sidewal|l spacers 130A B are the first electrical contacts for
the menory devitesudg.arméectisghsiaeal td avyenerrl@smeémai rﬁlmpgr drlechie reg'icd'ev\%ﬂds
surfaces 126S within trench 170 will be renoved a later step in

fabrication protReseed %@Bﬁf K§ PHBER™Y R Uit crf'fel' eP’ei@Berc‘?j?iF‘EWCrﬂﬁV?’ 18ant s

the surfaces o Sk t he conductive sidewall spacers
130A, B wil |l hagc}e”?%{1 § er aqtoséﬁjs'(l:' rtl(gei 1§QSSUE§95 ntially equal to the selected

thickness of the COI'F\ttﬁ@terrh:%?zﬁﬁ\rentlé’r%wnp"trﬁf‘éc ﬁ"’s@@c&r?{actst NEACD B ESnduBNB' sidedvhil! S
deposited so that the resulting conductive sidewall contacts 130A B have
subst anti alsl y spaicémr (st héfekae &5 héreinveertoatiatiie Siacend fabrdt ald QP BeAi@gsialons,
and nore preferably between about 100 and about 500 Angstrons. 15 The
contact |ayer a98@cemtReS theediglettiaeasondddt (Sidevall devases 128heod bwfat80A6 B may
be formed from any electrically conductive material. Exanples of materials

i ncl ude titani G ﬁltﬁeP?%'@“eﬂdlnﬂéﬁPGﬁ?'gf’ﬁfﬁ? Wﬁrﬂ%ﬁ?f’”“ﬁ@”svta?‘?’ﬁm um car boni tri de,
titaniumsilicon ni IE 3’1«3? & ectd &Fﬁ? @q’ﬂpJeS%tfgf th?%lﬁr% al %eraortcylhn!i'%%{% Ke Jhdepum

carbon, tungsten, tani um o not e

ani sot ropi ¢_et @b 'rﬁbteﬁﬁ@)é?%sé hﬁatqge&@s@nnmy&rﬂz&;ﬁyfdfs%gédﬁsnobgaélm
surface of trench 172 also renoves the titaniumsilicide | ayer romt
bot t om of 1the stawe the ensduch? siibeile byacetse tion E abl tyati ﬁeltwnbngsmadwtthye
si dewal | spacer 130A from conductive sidewall spacer 130B. However, the
titani um sili cihgeontlateh@50dt adiasastitd tectopfof eaeehthe zONductiver spacerso V30A B

because it is (E)Vrotected fromthe ani SOtI‘%pIC etch by the 2 5 dielectric
layer 126. 14 “NRERIRCEFETSISHBYE 2WeSEpt8ifber 2002 Next, channel stop

region 113 is for h r 12 C t t

nei ghbori ng, el ec{nr%%caﬁ EY i sorrgﬁ‘%g’g g&hp'rse%ﬁ%c%gt 51? % Jeggeérfatﬁfyc\,%%wve

channel stop r&@iwi shdcbrhasn aheCORBHirhd i shibwh YD €igRRPPShb emdhd 18fer tBE igoUr Ce

an rain regions n the envi ronment shown, e ‘channel stop
dd 11 112. In the NMOS t sh t h | st

regi on 1135conqmacsesmphejeqtm 1S2AEcafithe oretuctivarspaderss 1 303, B egEpativel3 Inaye be
formed by the inplantation of boron ions using well known ion inplantation
techni ques. THENRRSYTAT ishgwstthe cdase 1BUOR arg Iaprglwrosssertionsr ¢ BF. coneydtve t he
structure 500F |s ap $ grl ately masked (via photoresist deposition and
patterning) antf % cally etched to renove the renmaining contact |ayer

133 fromthe 10 si 65 I 7 ond

si dewal | spacers 1%%'%;0?8#%#%%1% a?e"%rﬁ {é %]a&rj(ﬁ# (ea &sg%%)%?sc etch
by the photor emoAls FBAK arehh? BhtR tle%uee'ﬁeché?ﬁeﬁ'@wsﬂatteh@tanh tihél@gges A ATEE MOV e
the dielectric layer 126 fromtrench 170. cross sectional view of the

mask and Ehe rrwnbtmaganstmemicmr@uﬁirtgewawm the Gtiehedy Matdnialhandsths entudtise
structure 500G in Figure 5G 15 It is noted that the sanme nask and etch are
used to defi ne&sPaerss %&ﬁi%ﬁ@up@gii ot @ pdhen offthe H@%dﬁa&@tiw reingioder df thepacer s
130A, B along the wdth of the ‘éi . parallel to channel w dth
and per pendi c fPaPuLEe %ﬂ?&ef5|1a%%$el?¥r%caﬂx 'F‘%}g o ke dhe BEMEY Jiftenabry deletiur e 3
iS a cross-se f the nenory array through a conductive sidewal |
spacer (130A géég%oﬁ)sea\% 4%ar allel to the width of the nenory array. Figure
3

The memory elements of the present invention may be electrically coupled to

25 isolatiorv/selections devices and to addressing lines in order to form a memory amay.



2 0 shows how the mask and etch may be used to create a plurality of
conductive sidewall spacers, having wdth W spaced al.ong the width of the
menory array. Next, a dielectric layer is deposited onto the structure
500G The resulting structure 500H is shown in Figure 5H The thickness of
the layer 140 is selected to fill trench 170 and trench 172. The thi ckness
of the layer 140 is preferably between about 2 5 500 and aREW.maf9Qe
angstrons, and it is nore preferably between about 1000 angséd®@mber 2002

Repl acenent Sheet 24 Septenber 2002 about 3000 angstrons. Exanpl es of
materials which may be used for the dielectric |ayer 140 include TECS

oxi de, silicon™§i BRPERE/AFRWSINY ICEGEESNPETIt RECh AFCERte MeEnan eeleter B¢ ceddaged 140

e G aoestHEa FHEER B SRR R RR e R e B
130A, B are expmﬁéﬂa%a %é@@kﬂh@gra&%m@ﬁ& isHol %stetcngt sd St Leke, 1S
shown as structure Ol Tn gur . xt, a layer of phase change nenory

material 250 igpdleneqitiondd@aishsadwiel Uampelor isBiakié&iarébink Uty ihaike
material 260 is deposited on top of the phase change nenory material 250,

and a | ayef offiefl-efEadicrtisies, hiptler juadtiof Fansigord epasiiddes G&marmops off fieli-éffeet
insulation nmaterial 260. The resulti ng structure 500 is shown in Figure

5J. The st ructi@&sgrojncide i§leanadEPaEREer sEsmmplesp @b MOSRETrivclude NMO
ani sotropical ly etched ' ormstructure 5 sho i1 Fiqure 5K. Layers
250, 260, 270 ‘é"é’“&ﬁi?&ﬁ"&% &%ﬂ%’%t%‘f?@ﬁ% %ﬁoﬁﬂdmé%]aﬁv%rew%%we@ﬁch

170. Next, a | avgs sa%ﬁ@cf@fo?@?@%qgéh\‘ﬁlo miterial is conformally deposited on
top of 15 structure 500K to formstruCture 500L in Figure 2L. The

conductive layer 28Qure2anh SRbs-Sdthicmdl higwediE@EmsH dratstradlny 2obeombrimaal |

| ayers 270B deposited along the sidewall surfaces of |ayers 250, 260, 270
remai n. The rekaihtemog gdvicectCOrdes&Botlabgves hBauh of théd-mgomoey Eémer@o nfl metrickye

| ayers 270A and 270B col |l ecti veIY forma second contact 290 for the nenory
devi ce. I n theexirndeh melectisiy aprPiasie ¢ salegliopisoptiorndevicravhichdeen theyfemsofEB0 of

the 2 0 tact. 290 dj t th | ay 250, Th
conduct i ve. | ay TGS 365 q ) BaMb M| 205Emes B RaTaR orie SEHREACIh AU ve
material or they, ARy, JHERE \;vﬁierﬁniﬂgd&g&g %d %M;@HS\IS \}gg.?bgﬁét@lfébyg A

Exanpl es of the materials which may used for conductive Tayers - _
and/ or 270B i nizboskniof thaRéridhing &lEimERts of thé adHfidOfafdridsiatay ni tride, titantium

carbonitride, titaniumsilicon 2 5 nitride. OQther exanples of materials
i ncl ude nbb ybdenumThe MMOH, transistgst enludeamedoped 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
20 channel regions 114. The gate regions 118, formed above the channel regions 114,
control the flow of current from the source regions to the drain regions through the
channe! 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



16 Repl acenent Sheet 24 Septenber 2002 titaniumtungsten. The remaini ng
processing steps in the formation of the nmenory structure 200 shown in

“ Figure 2 are well known in the art. An upper dielectric |layer 180 is forned
over the sem conductor device structure 500Mto form structure 500N shown
in Figure 5N. Preferably, the upper dielectric |ayer 180 conprises
borophosphosilicate glass (BPSG. The thickness of the uppgfacth&l &ediric

| ayer 180 may be between 6,000 and 10, 000 angstrons. Mor e2pspfmbabdoy t he
thi ckness of layer 300 is between 7,000 and 9,000 angstrons, and nost

preferably abowkth8, GBE ABAS NG is N%(Blstaﬁé'bebémgé{ sélired 8R4 Gifn [RWRE. JFﬁQ i's

appropriately nmasked and a sel ective 10 anisotropic contact etch may be
used to form ttrenogdamgrgs brertte@pahleld0hd arreat tondetebéry el gegiohBevtsel iect i ve
etch will etch different dielectric materials at different rates. As a
result of the rsdlecrierarent th@d@é”%'@'a@k@'gtlf@@ arg "neihéet thie cramay aray 1424
are protected urin he di eIe tric material 140 is etched

away until the %F'ﬂ 88'3”8“3@??3’( %ari' Ch?’l’f?é3 £re%ni um si licide | ayer above
the n- dOpeg sili C0n|)|.ﬁl %9%%%Fwﬂh %%{rﬁ’%‘ld%ﬂgbtmg l \eh hc%n&al

t
the opening in tre an conduct rve rla? such as

tungsten. TungsdeimdRlidg® thélarRYorite QAR YFigurblanked Wamgeft &8 n%%w' tion

and et ch-back. The conductive lines 190 can then be patterned over the
t ungst en pl ugsarteg4s tHEhemensidmodt thé afrabparaliat fodthe detrmiel widtrabbigwre deis ardres a
way of making a nmenory 2 C array structure using only three masking steps
beyond convent3e6ifaR! \voef th%meﬁTOWﬁf@YﬁiW%po@ﬁﬁf?”%@I the gharmebfidthhEhersavor y
array struct ur of t sen g nbodi ment of which is shown
in both Figuré 0‘5588 r%r?voﬁrcaff mf@wa* Paeia 'ca@a%elmew PIaPREEM EREN 8F2
and rore el ehabby olefc tdiihe 062 kit d EARAE Henl@PbLGAL ! N0 the menory
array di sc{j ose pre fy recs|w reasO hree or "hesse ma é’ﬁ%; st eps maski ng
steps 2 5 beyond c®u@nig sgad o DeasResdtEregibhs 113 are formed in the n-doped
drain regions 112 creating two neighboring, electrically isolated drain regions 112 for
separate NMOS transistors. Generally, the channel stop regions 113 have a
conductivity type opposite that of the source and drain regions 110, 112. In the NMOS
15 environment shown, the channel stop regions 113 comprises p-doped silicon. The
channe! stop regions 113 may be formed by the implantation of boron ions using well
known ion implantation techniques.
Formed above the gate regions 118 are metal regions 120 which preferabiy
comprise a layer of tungsten silicide. Metal regions 120 are used to deliver the electrical
2C signal to the gate regions 118. The metal regions 120 extend across the width of the
memory array structure (parailel to the channel width), perpendicular to the plane of the
ilustration of Figure 2 and form a first set of addressing lines, in this case the x set of an
x-y gnd for addressing the individual memory elements of the array.

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

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

10



Repl acenent Sheet 24 Septenber 2002 Hence, disclosed herein is a nethod for
fabricating an electrically operated nenory array having a cell area |ess
than 8F2, the method conprising three or | ess masking steps in addition to
t he nunber of masking steps used for a CMOS process flow Al so disclosed is
a method for fabricating an electrically operated nenory array 5 having a
cell area less than 6F2, the nethod conprising three or | esh.imakinag Steps
in addition to the nunber of masking steps used for a CMO& fpesessob | ow.
The phase change nenory el enent of the present invention is a non-charge

measur ement ety reg%\‘nb 480 6 hBBhbdriRE rdgdihs 'o?@ﬂ‘é'n@éhé?%@@éé dRRGldcRefaghove

di scl oses a nethod for fabricating a non-change-nmeasurenent, electrically
oper at ed nmenor y14,01array1 e tdlsttngy tdisre 10 las resgatditadids ng4. sDepsmc regaetdi ti on
to the nunber of nmasking steps used for a CMOS process flow. ' It is
further noted fiRaeretitranegivadie sidewabsrimeersiyhecdatgretacksd4t he present invention
I s al so non-char ge- storggee nenory device SO that the fabrication nethod

described above di s¥PEsEeEsy1ReRIAMEGOF K P! tgplquer '”ﬁb‘ﬁ“%‘h’&?"@'és é@%@ae,e
el ectrical Ly 1§x18cf § qh%gﬁﬁ%\‘ﬁr "ot r?ng A L 20,d %ﬁ?l(?othe CMP %t fes

steps in additron He "nl eps u

flow. The fol | gyngd@EdbRnt & Fﬁg&é’ﬂp%tﬁ%s%o?&ﬁ] PLASR SRR G ERMiNed F Y
of the present invention conpared to DRAM FLASH nmenory, an

Ferroel ectric methBroassmiehy s pac idyveidtfor éddressmlgltheﬁrﬁaqdualnrderﬁ&)/ celxeofnthigrber
maski ng steps needed in 2 0 addition to the nunber of masking steps used
for a CMOS progeas Theovwtal s 180 maRbe farnedEpm aSivaductigeimaenal éuivers aROORMTABLE
to (1) Cell Area DRAMBE2SRAMATA0F26T80F2FLASHS8F2FERROELECTRI C8F2PRESENT

| NVENTI ON6E2 (95 COPREK | ﬁ@gﬁeg@ygg 144 electrically connect the metal lines 190 to the drain

10 regions 110. {tis noted that in the particuiar embodiment shown in Figure 2, each of the
tungsten plugs 144 is shared by two'NMOS transistors. A layer of titanium silicide (nc?t'
shown) may be formed on the surface of the silicon substrate to improve the conductivity
between the substrate 102 and the conductive sidewall spacers 130ab as weil as
between the substrate 102 and the conductive plugs 144,

15 Hence, associated with each memory element of the memory amray structure is
isolation/addressing device which serves as an isolation/addressing device for that
memaory element thereby énabiing that cell to he read and written without interfering with
information stored in other adjacent or remote memory elements of the aray. 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 memoary 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 (metat region 120), the transistor drain (drain region
110) is electricaily connected to a y-addressing line (metal line 180 via conductive plug

25 144), the transistor source (source region 112) is electrically connected to one terminal

1]



5053 2-41n an alternate enbodi nent of the present invention, the
conductive sidewal |l spacers 130A, 8 may be nodified by.narrowing their width
(i.e. their dinension parallel toy , the channel w dth) adjacent to the
menory material. An exanple of "narrowed" sidewall spacers is shown in
Figure 6 which shows a 15 20 cross-sectional view of the conductive
sidewal | spacer 130A B parallel to the channel w dth. |In tRhglaexanpleer Shown
in Figure 6, the top surfaces of the conductive spacers 130#%pBmhaveibeen
appropriately etched to formnarrowed, protruding colums 188 adjacent to
the menory mat®eE faem(wr%erwﬂt (firstsoptedt 130d eor 1180@)r dThehehereeroingl byremeddy . The
hei ght of the columms as wel|l _as the extent of tapering nmay be controlled
so as to adj us"cev'ﬁ‘?)fsﬁc?%cwa&f%méé‘ giRstricallySOHpIRS 1o HEYIREITENE (Nt BWWBFN t he
conductive si E spacer adjacent to the nenory material. The w dth and
Cross-secti onalgarea can be made to be the smallest adjacent to the rrermry
material . The narreyeg: %@ml

be made by 25 form ng ogﬁﬂgl&gggﬁé%rc?l over tlgl-%p@%ﬁ&uc 8@“?{)‘%& @eg%étgf&gé o]
Figure 3 at thoseeqios bédtoesh SRAIE e MBMbQERnaMtdlt 10, b&oﬁ@&loﬁ@ﬂ fdlpefexi de
spacers may be used as nasks for anisotropic or isotropic et c%es which w ||
etch the exposedsigecFiEdhs!pend e X¥rddressingdingp a2k 9B tiat breaised thesetigmct | ons

of the conductive s%écer under |l ying the mask. 19 Repl acenent Sheet 24
Sept ember 200%¢b&¢ Ql“i‘f‘g'”ij'H‘S“%"@R‘"’P‘P%\eleﬂ’ﬁ@tscﬂ?ﬁj@ Is\Reefefhiy et MRSFEEead t o

th t t t hat
Goneral 1 ho- ST Pl Rk SRR P s AuBaky TBR MR ke SRSy e "
density wthi Q\oiéaeiﬁat%éﬁ%n@?%ﬁbrggsm s | 'a%ccfo%ﬁé&e&:fdrer | SR G a%ﬁﬁ?

i ncreased Joul e heating adjacent the nmenory nateri al I's provides

I ncr eased: heatwefl koown ®ittosk BRilsEADe)artat eri al . The shape of the conductl ve
sidewal | spacers as well as their orientation with respect to the nenory
material al so decr éas6ewn hidhastemetiotiagreat the geteqyf therkETstamsisted ishmokedatt 0 t he
conductive spacer fromthe nenory material back. In the nmenory el enent

shown in Fi gul® °1® ¥Jdef agfressig f""qsst IncHR tefeiosimend Aegrriped gbave. i d@E isve

Gescr bed, ¢ ne SRR RS eelieiing ne Bayeler 9 e A AR eiehBE, 1 on

of a single' cpmbdahsitiathiy .Qaééa@e&;hd@ef%tb ek At dhslity R, by an
ani sotropic etch of the contact |ayer ternately, the conductl ve sidewal |

spacers mey be for we@rdsdimenidita méthyEioe[baRNM Ik MetobPRRY Istrldt@E200 Fremt han
one contact |ayer. Cenerally, the conductive sidewall 15 spacers of the
present i nventidgre %@SWﬂ@Ft@B&SfW@ oRefeaing rficat éo Figwie Sv antMQS trimsistoror

nor e cont act The ne )é device 300 shown in Figure 7 is an
al t er nat e enb@ﬁ%’/ ﬁQA s prpngd igure S5A shows a cross-sectional view of a portion of an

NMOS transistor array comprising n-doped regions 110 and 112 formed in a p-doped

substrate 102. The transistor amay 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 matenial
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

12



menory devi ce of the present invention wherein each of the first contacts
130a,b is a conductive sidewall spacer forned fromtwo contact |ayers. Like
the nenory device 2 0 100 shown in Figure 1, the nmenory device 300
conprises two nenory el enents. Figures BA-8G shows how the nenory device
300 may be fabricated. Referring to Figure 8A provided is a substrate 102
and dielectric layer 128 formng a trench 172 with sidewalde.,sirf.Rees 128S
and bottom surface 106. The trench 172 extends perpendi cubakeptninsopl ane
of the illustration. A first contact layer 332 is conformally 2 5 deposited

onto the top surface of layer 128 and into the trench 172, covering, Jrench
20  Repl acenﬁﬁ‘PS%eﬁ- hﬁzfpé‘éeﬁt RAPRE" g‘@odze'gﬁ‘“&e(ﬁéiPr‘S s1§?ff3'5'é§re'l 8% ﬁﬂdﬂ{zr ench

bottom surf acgexfeﬁgn? BeBRQRLM GO Medfine &ég@éltlgﬁ%’éﬁrﬁ? /%E)]a?ﬁr ?ﬁg‘;@nﬁr@hé@é (not

deposited ont Irst contact 1ayer . Ne Irst and second
contact | ayer $n83Ama}k BifdabbsOhE ARiosad legioRt etigd14.0 renmove the

hori zontal | y di sposed portions of these |layers. The renai ning portions of
the first contact lrayerecB8ayds et a&r cériemamn sepostipd onat die NMGS nehastored t o
as the first sidewall layers 342. The remaining portions of the second
contact | ayer Smurar@oﬁetpé@ﬂ"‘etﬂ'etfés'-ﬁﬁgtsﬁédgféo@ﬁg ‘gi’td%\ﬁﬁﬂ’wn Inafjgure S84 4The

Col l ectively, the first sidewall | ayer 342 and the, seco si dewal | | ayer
394 Torm s Sudionssierae Shatdere 2 Paslarry BRueer 00 Dorspsinar ne
first sidewall : ' b@ag&; %ﬁr%q j t.ace
128S has a smflr%fg')éﬁ gcl))fa Wrehgalbgﬁ 3 o?dr?%?’%@ noﬁﬁ‘e&%g?ﬂt%%t %Jra*) 3?(365%06. | t
s not ed t hat sobenhalofisal TroldheSychiros itorbierdbly BirfkanRirh alra@al 34R dss
substantially equal to the selected thickness of the first contact |ayer
342. The t hi cKiEExsSoxide, sitwwnidioxige, o eitoncitrideayer 332 is sel ected so that first
sidewal | layer 342 may have a substantially uniformthickness between about
50 and abblit 1000 Awysthecirscturgri@OB isearpropsaiely imastigd {..1 Senpsien andpass™EEat i al | y
uni form t hi ckness bet ween about 10 nd about 50% An%str.ogs. é:sgl I a{hly, t he
| ateral thi ckift88°13EsIEH@nd SREAPPRYRENTE PATEPVa NS Lo YdntPdINy "Equal
to the sel ected. shi.ck f opt layer heg .t hi gkpess of
t he second coﬁ’tgra'%:gtah‘ﬁ)é&gs@%eghbét@ﬁ‘sg eg?giggsc?) t%%? 1?E'e %é%@rﬁws?] e{/avg EI ayer

344 may have afsHsd sinabihk undbtdpRr ditH lRhkeehe dRRlcve &dyen PEB ok theaittlobout

1000 Angstrons, and 2 0 preferably it will have a substantially uniform
t hi ckness bet wedarealiowf rafh T2 dubdims inobRtoke etdieartic ldyedii &1 ot theccottaryer 3S0
is deposited onto the structure, filling the trench 172. The top of the

structurel$s tsHégreceletiencal 170, fe SFRARERAPT) iRY o6 K mask@ndshe 48s4ioofpanari ze

the top surface and expose the top _ed 346, 348 of the first and second
sidewal | 2 5 PAFRYPHEH 'ﬁﬁt&""‘é“ﬁ,“ﬁ@g@%@??%ﬁ?ﬁm?8' is noted that in the

enbodi ment shown, Ngﬁ,ﬁg?ﬁﬁs?ﬁzﬁ'ﬂat s%%R!aa&%gb;s%?&gnea%ﬁ@ﬁg@ashéasﬁ@@g%?"l&

348 are cros_s-_secti ons o I cknesses the first a secon ewal |
| ayers. Speci fakCRlirhes aslddRdRBGLSdeWHD spatefs g theadi@dwall sGifa1es 1365 bfigetief t he

first and second sidewall |ayers 342, 344, respectively. Next, the first
si dewal | | ayelaye34 Z2caméhinetenctt i V2] yA edootaed lager 013ats tdrdormajly delgpedebor@d6 are
etched bel ow the top edges 348 of the adjacent second sidewall |ayer

creat i ng 4hdeftna®irg 5906 n The eestiting; strustuse weldl is|shgwm & [Fayre SR. dine|lavet 13%is| ayer
360 may then be d sited .over the st tur o as,to fill these
odentati one. SopSsBT B e el sidsced sabS ith Bafite Sirrss bt ey ane

silicon dioxi Lo Sk Lty ' e
cher cal |y meohai Sty OB HpS orbhly 1101E AR B b7 SO ver |
that the top i126) eggesométhaPiedobiforsRaPBe dehelgNm) thetrittflapdft dedositienk @vesd.
Menory | ayer 250, insulation layer 260, and conductive | ayer 2a0 are
deposi ted as thbninidsedOtibopassible deposiidnireetsbdsunby be usdtbas long aFittgusidewail
Referring to Figure 7, it is seen that the top edge 348 of the second

si dewal | 47ayesurtress pre covgrad bntheconteridavyae@r y nateri al and nakes cont act

with the nenory 15 material. In contrast, the top edge 346 of the first
sidewal | layer 342 is renote to the nenory material and does not nake
contact with the nenory material. In fact, the top edge 346 of the first

contact |layer 342 is physically separated fromthe nmenory material by the
dielectric material 360. 13



Hence, the area of contact between the dual -l ayered conductive sidewall 2 o
spacers 330A, B and the nenory material 250 is the area of contact between
the top edge 348 of the second sidewall |ayer 344 and the nmenory nateri al
250. The first sidewall |ayers 342 are not contiguous with the nenory
material 250 and are only indirectly electrically coupled to the nenory
material 250 through the second sidewal |l layers 344. 2 5 RfadRLEEa S for
the first and second sidewal | |ayers 342, 344 are preferablyepdber 2002

Repl acenent Sheet 24 Septenber 2002 sel ected so that the electrical
resistivity of therthérsticSiedsow Is &rﬁ%%p.%e dicheh 68 ot @tk wﬁucﬁb@%hé Wﬁ
resistivity of the second sidewall |ayer 344. Exanples of materi al

may be used f agpadehe1 J0AIB thosindeRalide 5Iantﬁ.rctuBe4%0EmCh’h&i@nﬁdtrtoalﬁlewmrérhdﬂg@&r%n,
tungsten silicide, tungsten, nolybdenum and N+ doped polysilicon, 5 and
titani um nitricariactTager {88 sfrons it ierizontedy ¢rp@aQ sprgcehayEneaceridat kayess13set ween
about 50 angstrons and goo angstraons, and preferably between about 100
angstroms and "ZOY"3hGS S%de“%ﬁé“%%nhz 5si delfRich 1% é?? BA9TeSy 19F 89881 3F has a

resistivity V‘h.'!.c? h i@Jngeaﬁ'ﬁJse v\,ﬂéaﬁl %gerg FinShd é&r}% f(? C@H’e Spascgrszfsggywal |

| ayer. Exanple al's use secon

layer include doh&tﬁ:'ﬂbélmdghéif g;sia%ersusfom P2 tﬁ@rm@:éc{nicsﬁeconu&sam WE Rlekighnum
nitride, titaniumsiliconitride, carbon, N- doped polysilicon, and forms of

titani um nitriddéce T Jee apdtast id@nailil rbrayamg Joaahﬁ&wehaweu@adehmaksaﬁ@m

bet ween about 50 angstroms and 300 angstrons, and preferably between about
100 angst r ons trang ﬁ@owlhbﬁjgmombyallgteRetﬂemrtmmfgbmcenm graeass7, it is seen that
t he dual -1 ayered conductive sidewall spacers 330A B nay be thought of as

having a first seg ?Hm'rl’_glmé%f‘%ﬁﬂ'lt%'aﬁ?r e SeHeTTRAY Epai%'@etsﬂrf%‘?ﬁéémgi@ Bft first

si dewal | || ayer di 1% de0m 46 t o0 edge
348 of sec%nd ss?e q?%fé&% %8% n{:‘g? el)ébﬁ% rrgrrrt‘)gr ?%%'gf eﬁ§or
segnent L1, f'sutﬁs'ianﬁél@%bl' to 19 SdleBAPthRkRSS ot G Mm&hﬂp&ﬁs@prﬂxﬂe%@ fhe
parallel or 2 0 alternative electri,cal path for) the second sidewal |l |ayer
344. The fir stoad layectilds démbaited do thatwear @sairgy @hawitivé sidéwall dohtaptariabA Bl so
current can pass through either layer. Since the resistivity of the first

si dewal | | ayeha\r%supétssﬂaﬁhwﬁforrh@iqkegssgemﬁenyb@it Sﬂ laed abew 160G Ansivaing, Andyer
nost of the electrical curren pass throu the first sidewall |ayer.

Segnment L1 t hU?rep‘?%(‘?f@é/sbe&*’?e&\ﬁb?‘és?iogta%é@”&ﬁﬁor ry8th. 2 5 For segnent L2,
all of the electriggl GULL Glkr T35 b 385 b QU HNl BEe TWeGal E5HSLL V5048

may be formed from any electrically conductive material. Examples of materials include
titanium nitnde, titanium aluminum nitride, titanium carbonitride, titanium silicon nitride.

Other examples of materials include molybdenum, carbon, tungsten, and titanium-
tungsten.

20 It is noted that the anisotropic etch which removes the contact layer 133 from the
bottom surface of trench 172 aiso removes the titanium silicide layer from the bottom of
the same trench 172 thereby electrically isolating conductive sidewall spacer 130A from
conductive sidewalt 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.



Repl acenent Sheet 24 Septenber 2002 second sidewal |l |ayer. Segment L2 thus
provides a high resistance current path. (It is noted that the resistivity
of segment L2 is higher than that of L1 when the resistivities of the two
sidewal | layers are not the sane.) Since the resistance of the segnment L2
is greater than that of L1 nost of the 5 Joule heating within the dual

| ayered conductive sidewall spacer will occur in section lRyadi.asent: to the
menory material. This provides for nore efficient heating 2@%eptehﬁermry
material. In the enbodinents of the nmenory device described above, the
first electrical contacts of each of the nenory el enents are conductive

si dewal | spacers fdieechizyneldonlepiosiil3 mdoroed inothe nppeccwran segion By erestingt o
the sidewall surfaces of a trench. Alternately, the conductive sidewall
spacers may betWPd?eﬂﬁé'GOW @Gﬁmeﬁﬂmowedd%ra@srempﬂﬁ16%%9% éh‘%:g?ﬁ”a@ftsm’%yers
onto the sidewall ace or ces 0 e via hole

round, square, “P8Ct gé}@ﬁf 8y°° ?“&Y'VZESI%PPVE tﬂ%f oé ﬁqui'écec%}?a‘aiﬁ”ﬂir%c"?rgévval I
spacers my al I ct 1
S Tayers onto e ol GONATY  ofBL AR E“‘épﬁ“?f“*%?b%é e R N
t hr ee- di mepsi odi@bn.vrea\cinng stapragiyn $13 Waj be reeapy kel |ﬁ1@laataf1¢rf StookNbRLt
400, a layer of nmenory material 250, and a second contact 410. The first
contact 400 i sustngoesidaown e ispiduaitnitechpgoes. Trermedingystrodure GOARIS| shown in
depositing a contact layer into a round via and then anisotropically

et ching the cdn®4ef| ayer to remove the 2 0 hori zont all'y disposed surfaces.
The remai ning porti oly the si || surface o ubul
shaped conducti ve sr?edCté ﬁﬁmgﬁéec%r%% praf’ﬁatelﬁénnasllﬁé Gé p\sﬁﬁg%eé"sf ﬂeFPﬁ‘@,%?
filled with a divgltel BhEisERLREHicHRE % Fe%v@%e‘%tn‘éfn%g'cﬁné&%}e? er&ﬁ
mechani cal |y pollshed to expose the conductive sidewal |l spacer ayer of
menory materi adiddwaitslearibd agsomt Genche 70 0prref cdnaectisé sidedwvall Spazerst 1533k B e
bottom2 5 surface of the nmenory material nakes contact with the annular
top edge of t Heengd 172 Regiretecta® fiom Srpigetrdpt Sepbye HisephoRGBRt tesidutitd eteh is
sidewal | spacer. A |layer of conductive material is_deposited on top of the
nmenory materi a® eﬁ;dfserthqtét dogs FRITEPBYR thedielectric layer 126 from trench 170. A cross-

sectional view of the mask and the resulting structure after the isotropic etch is shown as
structure 500G in Figure 5G.
i5 It is noted that the same mask and etch are used to define the width and
positioning of the conductive sidewall spacers 130A,B along the width of the memory
amray (i.e., parallei to channel 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 parailei 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 sidewalt
spacers, having width W, spaced along the width of the memory aray.
Next, a dielectric layer is deposited onto the structure 500G. The resuiting
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

25 500 and about 5000 angstroms, and it is more preferably between about 1000 and

15



The conductive sidewall spacer 400 has a annul ar 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
deposited contact layer. In the enbodi nent 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 R¥pRRfyn BREET | al
250 is the area of contact between the nmenory | ayer 250 andsékambanml ar
edge 10 402. If the entire edge 402 nakes contact with the nenory |ayer,
then the area agbu@o0d ABhsticthsaNEdplsast hatBihis Whgh #a§3e0lise8BE Reluidisttric
proportional to the thickness of the edge which is substantially equal to

t he thi ckness layér Hiencep dECtSeckideosi@atdiokay end sildenedridet he area of cont act
can thus be reduced by controlling the deposition process of the contact

| ayer and the sizeAB hRediglequisciayee14] ctensaitedainieastpicture SCREne ropemisstlyce

of phot ol i £ nofERBRy 2 RIPEGTER T ChY orEr SRR A e 00 SROTENoF ur o
9 is formed as; ' ' 4 | I
W th two open SRiG, SRRPRT Hopdh e BBbteds PTATvesllify WYL, Bk Y SN0 oo

shel | 450 havicagpiéthas shivetasdiriB0® 5008h Py shown in Figure 10a and the
cross-sectional view shown in Figure 10b. As noted 2 0 the contact 450 has

edge 460 which i s Heljtaxapr of phadeechaege mgmogtresteral 250Tie elepssitad obtocondtaret
bet ween the contact 450 and the nmenory material 250 is the area of contact
bet ween the edg@ 4602vanaf inselaiemmaienanes is4eroged orhiepiphe ifkesss hlednge 450

may be formed by depositi a contact layer into a via, filling the

remai nder of f’I‘?é“OIVi rgaﬁ‘?' I?I::Igr P%e B¥E 9 @ C%HEF“&%EI‘?IEEQIIQI@ ‘?@E?Péﬁ?cg?ﬂ fap of
pol i shing i he,?2 . - I I t 7 . e. the top edge
460 of th‘é] cortIIt% é%tu %II@I)I%&%II%QE@; g%@ggﬁﬁ?%h@@? s@ﬁ@ﬁg@%i%séjr 2002 | ayers
250 and 410 may t hede dRcdePD) ik Afhsked ¥haddyea 28b, RN ACde BEEMRBRAlEHeaNt act
450 and the nmenory material is the.region of contact between thé edge 460
and t he nenor Yo foat etmickire SDOk sevreintAiguee 6K Qe apek @50,C200F ATX awd sritsotrbgicaignor y

material then the area of contact is in the formof an annular ring. 5 Al so
di scl osed her &fched avayiroal tee tapiof K1e| tenph &k ammabl e nmenory el enent conpri si ng

I f ph h terial, first electrjcal t act d
Second ol ect rical (Bt SAYST aHb PREHS BRCE seromaby cPERed BoRR abt
I havi ' | h . .
ot ori al - GangRE T oPReS a8 shfeqrdledth; Hiade A8 GRANIS PRt i

orientation Okniddogesll; RIHBY E&that IiMPIHE AREASH Iayedy E0BR YR BI6RS trRNidedkl Y
vertically disposed. The contact |layer may be substantially vertically

di sposed, f or swleasgifdgyets\250 @G0 200 rehmainf Thesresuttg tstadtiire 800 iscahiodhnl Bt Higlee
si dewal | spacer on a substantially vertically disposed sidewall surface. |,
Alternately, #Me CoBdHcHYR 'avery@7Oinald BEOR pallsetinply iferml 4 serend zomtaet|299 fefiteposed.
The 5 contact | ayer, may be substantially horizontally disposed_b
depositing t h&<¢ 'thﬁﬁ'fzé/'l Ié)ﬂé"’r e@ﬁ?%“ﬁ”?ﬂﬁ%’f' SR iaoryen SIIIezsﬂﬂﬁ'anri/zQII/%fﬁ%%ed
subst r at Fi . ' ' i.ew of an alternate

20 i bRy dohfact Aie BabOrR Rt ITAGE Wer Sk

enbodi ment of “a nenory pres Invention formed on a single
crystal silicon seffeCesHiuetvar 1a§erSIToAl 8ndales M2 an THE [dRIERT ¥ ekt 600
conpri ses the volune of nenory material 250, a first electrical

conductive matenal or they may be formed from different conductive materials.

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

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

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



2 C contact 610 which is electrically coupled to the nmenory material 250,
and a second el ectrical contact which is electrically.coupled to the nenory
mat erial and which is spacedly disposed fromthe first contact 610. Figure
11 Bis a cross-sectional view of the same nenory device 600. In the

enbodi nent shown in Figures 11A B the first contact is a contact layer 2 5
610 which is substantially horizontally di sposed onto the rephshtdbgc102.
The contact 26 Repl acenent Sheet 24 Septenber 2002 | ayer4basnmba 2eatge 612
which is adjacent to the volunme of nmenory material 250. The area of contact
bet ween the mepory. fal 250 and the contact |ayer 610 is the area of
contact bet vvenginmw%mnéﬁ%é'y material 250 and edge 612. (As shown, in this
embodi nent the edgeaneirSmainkl Prseshitt iohah vfd ifBaRArAlthemelnt fiRiclh sdeness) .
The area of contact between the contact |ayer 610 and the nmenory materi al
250 i s propor tshowaln Riguré Berd viickoes & ted art. hien gupet dielecthaiesr 180 Gs fotredicwemot ed
that electrical coupling between the nenory material and the contact |ayer
610 is by way tof senipongiuctar peyaei ctofe I0p tadee gnptureThON shpxtrnid drigued Siihe

vol ume of pe erial 250 is electrically isolated fromthe fjrst

Cont act 610 by "HREDH, 5P Sees SR ER] SOBPTRS TrREPBSP A FEbsdEESC 612
encircles a cr - L | ce. ] 0 erj.a 0. As
used, herein, ﬂ%ﬁ@?@%#.ég?%rreeg%eqt 'eg{cm:cﬂ%e}elgégr@?}%gg@e%x&%ﬁgl ger{de7Oygo(?l)round
a cross-secti Ghgltrodds CRoRS prbfdfibiOthl MRcikbssBNBYef 3MBLEbbtNeer Thoo HPMeY®ID, t he
menory el ement nmay be structured so that the edge only partially encircles
a Cross-secti @ang$tropisi ered mbst pleterainy atomt 000angtrgmsat eri al 250. In the 15
enbodi nent shown, the cross-sectional slice is substantially parallel to
the plane of the sii§sk i errEDZielqsgipadner 180t @prropiateit masknrsang e wlestye
possi bl e. . The second cont act nmay be | ayer of conduct | mat eri al and
s prof or kbl y FBPREF GOSN FaY PF 304y B e PReRias EHIRST 1Eh or € i

Figures 11A B, her c t . i 0. th rs
deposited on tp_(l) 'ofh%ﬁ(;ee @n%%%ﬁf%%r%%ﬁ%ﬁ#%ﬁa% ererﬁ?)ﬁg?%mﬂgsarface
of the conductéa df MecteidAlle bhaghtacs@Ms 102 dedibiBRrid Higlohs €29 fard BRI

mat eri al 250. Al so disclosed herein is an electrically programmbl e,

si ngl e-cel | neinomg/the leehemit thecdiaipetismatgrial 140 isletehedfawal astl -tehsiicge susratey
material; and a first and a second contact for supplying an electrical
signal to the TR2M5ME taniun Filgidelper abqye thegndared siicammis reAchetie cont acts i s
adapted to maxim z he current density adjacent to th nor .
Rep! acenehi  Sheet - ST B BRrCo G ek e SRS HiR 1D 28" DA DIEEHEP o
energy flow ng éJngH&uw?nal?&%P, IsYicHTBL ‘ﬁIn'?é}Ln.t Gruhcﬁh‘??rFPMé@?M _nlagcﬂeef%ﬁhébg@} he
current density adjacent to'the nenory materta ncr easi ng the anount of
Joul e heat i ng biahkdthatgsteeObdpdsiaoh bh@letcABES. NTAE BRQICHL (ritd fdooini REMbEhe 5
menory material. Current density (and hence Joul e heating) nay be increased
by decr easi ngpetermer ossthedsigsenaluganetn of the contact adjacent to the
menory material. Generally, the phase-change nenory material used in the

menory el ements andN@rEeHoy offabrgation fetpiled abpyasdgscrnes\Aavay ¢finaking ayeeraey
phase-ch e nenor terial own in the art. ecific ials are
ecri bt rn BFS) Hoses, fgcon ey fussha seneyonstBrvanyora THTE 4.

5, 359, 205, 5, 341,3 o 947, trubttfe - 6 t he
di scl osures of whi ?:'ﬁe rghrﬁ%ﬁpﬁﬁlcaé%p%iﬁie{nﬁé%%vépgfgr enceoﬁggg'i%ﬁégiggn ggcri bed
above, the phascerfibiafigst BRWAIEH B shodh th BtE FRURRIYard 1) @edrbadbip as Wicki aBke so
that they can be set directly to one of a plurality of resistance val ues
wi t hout the nesithisdedseharedF tand enospmrefifably lest #1aniafg Tite eethskidr fabsdatingthe e

val ue, regardl ess of 15 the previous resistance value of the material in
response to aMeEIBCIERY difclosed prefaratlygavires ities br lefumaskénantiers, mashiag sisas e
change teri gl S gref erabl?/ h@ve a | arge dynam c range which provide for
gray scale st 8P¥RY8 Bivenitnal PMESHesHi9 bi nary information in a single cell
by m m cking the binary encoded information in analog form and thereby
storing nultiple bits of binary encoded information as a single resistance
value in a single cell. 2 0 Furthernore, the phase change nmaterial s may
have a dynam c range of electrical resistance values wth the ability to be
set directly to one of a plurality of resistance values within the dynamc
range without the need to be set to a specific starting or erased

resi stance val ue, regardl ess of the previous resistance value of the
material in response to a selected electrical input signal. 2 5 In one
enbodi nent of the present invention, the volune of nenory naterial 28




Repl acenent Sheet 24 Septenber 2002 defining a single-cell menory el enent
may have a dynam c range of resistance which provides for two distinct
detectabl e I evels of electrical resistance val ues, thereby providing for
single-bit data storage capabilities. In another enbodi nent of the present
i nvention, the volunme of nenory material 5 defining a single-cell nmenory
el ement may have at |east three distinct detectable |evel RephcembRShetd cal
resi stance val'ues and thus be capabl e of storing nore than4sgpembirtonf

bi nary information, thereby providing the nmenory elenment with nultibit

storage capabilities, Preferab t he val f .memory material defining a
singl e-cell nenory %F'é‘??erﬁscﬁﬁ?ﬁ ﬁgr\% 3t2 I"Tbeg%‘té fgbﬁﬁb”g%%@%iﬁ?c?'eﬁt%?aé%togﬁrlaged

| evel s of el ect.l i v t m nd
the mil {1 b1t CABMETl T ee Boovr A st st L feder e iR e e i iary
information i nmasiEhdIgteps PEddditoR @ He Rinee bt maskidgnstrat usa abhe Cverdbpdtsgnt  of
the present invention, the dynam c range of resistance provides for at

| east sixteen fowt Alsotdidieset tsabinethbe Yur|fabrobtingl anceledtrcaly sresatsd enecerwatayes so
that the dynam c range and the nmultibit capabilities provide storage for at

| east 15 fdur BPnS dECkAERISyS FanEFmine BRTPH camaisigitares of [eswaweng #PesENt |
Th h h . ials.. be f f | it f atom
el enbnts. eachITIRHAT % TETHF EEURD HPBL U A HROSRTPE B ume. of monory
material . Preferably,g E%erﬁﬁpdeym%&?réié%erﬁ REIHARSs oAt m!zééﬁ?ttn isogﬁﬂr?!}?zlr%@gen

el ement. Preferably, the chal cogen el'enents are 'selecte romthe group
consi sting of WeasubEmeMErbrX tislic@SsoZhdl R faBlidafisméthed eacribdvdpvdtiedigseabl v,
the nenory material includes a mxture of Te and Se. The nenory materi al
may further i nalmebodfor| febstatimne minernenge-wedseicinet, f eleancalhe operetap rcemseryst i ng
of Ge, Sh, Bi, Pb, Sn, As, S, Si, P, O and m xtures or alloys thereof. The
nmenory natlér i aPTHEEPTIPABNQ HEReAr 958 Fasking eps in 3EPHNdA tgtugbesp g StERE term
"transition netah" as &é d herein inc]Judes elenents 21 to 30, 39 to 48, 57
and 72 to 80. Bt I%??cefﬂ o“‘br;e or nore transition netal elements are
selected fromthe g HEiHa t kSting
of Cr, Fe, N, Nb,lég?mgﬁggﬁggﬁpt?ﬁﬁks o?§g?%§§§4?ﬁg§é§gﬁﬁﬁﬁgﬁgé @%gﬁh
det er mi ned t hainvertioP os ialsb a1e8-chargb-Borddie Ohbyiory vzt isy anstt Ak Gaicatidnemelhags of
TeGeSb materials which neet the criteria of the present invention are

gener al | y char ggscaradzamve discobsst amethad| fpr fabdeatiegl acencbargeatorapes eieftridedy
relative to that present in 5 prior art electrically erasable nmenory

mat eri al s2°I n BRFEAMED BRI i3FAY tRIP§ND YT S™ B5HITABNTY HerF Pnjdiigedo the
electrical swichin erf ormance char istic t he average concentration
of “Te | n-the. aesh gL AR S PR BB asEMom Tov typical Iy bel ow
about 60% and rang J {gﬁ§g i ; 9 ty 28% Te
and nost preferablsﬂgagtt %?%déé896 éﬁbgﬁmgéﬁﬁgg%?gﬁgéiﬁgh aeréHég%ve
about 5% |0 angtesedge@niidrodbiparedy tofDRAMUBRAM FRABROMEM3AY0aAY eF er@Biettic t he
material, remaining generally bel ow 50% The renai nder of the principal
constituent el ®apoywiinrespectve todbinged sirdal end (@ sheStumbEh eapleng: stapsgessiediiven
are atom ¢ percentages which total 100% of the atons of the constituent

el ement s. 2Fhus2994iRn © B8 pPHRERaf B1Fskirg sters usad fos 8 (MASrrgcass W, GecSh100- (a+b) .
These ternary Te-Ge-Sb all oys are useful starting materials for the i 5
devel opnent of additional nenory materials having even better electrical
characteristics. As discussed above, the nenory material of the present

i nvention includes at | east one chal cogen and may i nclude at |east one
transition netal elenent. The nenory materials which include transition
netals are elenentally nodified fortes of the 2 0 nenory naterials in the
Te-Ge-Sb ternary system That is, the elenentally nodified nenory material s
constitute nodified fornms of the Te-Ge-Sb nmenory alloys. This el enental
nodi fi cat?on i s achieved by the incorporation of transition netals into the
basic Te-Ge-Sb ternary system wth or without an additional chal cogen

el enent, such as Se. Generally the elenentally nodified nenory materials
fall into two categories. 2 5 The first category is a phase-change nenory
material which includes Te, Ge, 30 Repl acenent Sheet 24 Septenber 2002 Sb
and a transition netal, in the ratio (Tg3GenSb100-(a+b))cTML00-c where the
subscripts are in atom c percentages which total 100% of the constituent

el ements, wherein TMis one or nore transition nmetals, a and b are as set
forth herein above for the basic Te-Ge-Sb ternary systemand c i s between
about 90% and about 99.99% The transition netal



5 preferably include Cr, Fe, N, Nb, Pd, Pt and m xtures or alloys thereof.
The second category is a phase-change nenory material which includes Te,

Ge, Sb, Se and a transition netal, in the ratio
(TeaGenSbh100- (a+b)) cTMISel100- (c+d) where the subscripts are in atomc

per cent ages which total 100% of the constituent elenents, TMis one or nore
transition nmetals, a and b are as set forth herei nabove f ®eptdeddamic Te 10
Ge-Sb ternary.system c is between about 90% and 99. 5% and4 Septemb&rebazeen
about 0.01 % and 100. The transition netal can preferably include Cr, Fe,
Ni, Pd, Pt, Nb, and, m xtures or alloys thefA%p; The menory el enents of the
i nstant patent application possess substanti %/ non-vol atil e set

resi stance val ues. However, ¥ Qehdreaxsistance vdRibaskingsStepsder sone 15

ci rcunst ances,prlsiaft fromits origgnal set val ue, "conposetd onal

nodi fication", Fﬂg@cri bed hereinafter, may be used to conpensate for this
drift. As usedS ein, the term"noqvol atile” wll refer to the condition
in which the set redistance val ue4¢®nmai ns substantially cénstant for
archival tinme periggs. O course, ggdftware (including thegfeedback system
di scussed hereég%ré_} er) can be enployed to insure that absgl utely no "drift"
occurs 2 0 out'st of a selected rgin of error. Because~drift of the

resi stance valRERRPELERTRW@nory el 8ffents can, if |eft uni mBeded, hinder grey
scal e storage mécdENPONVRENTRIN It B desirable to mnimzesdrift

"Conposi tional nodification” is defined herein to include any neans of
conposi ti gpal |y nodifying the volune of nenory material to yield
substantiafly stable 2 5 val ues of resistance, including the addition of
band gap w dening &h @ABINEMatcCehBiiRGR f He prefERIReAIBRN e RRBL1i94 sBRbETDET
2002 the inherent resistance of the material. One exanple of conpositional
modi ficati on ispaters i 30, Bday ge adafied BymERwiigaRad witth liTe@R dkndnsies paalidd to
respect to thickness. For exanple, the volunme of nmenory material may be
graded from a thé erannglevidin) Biacedtitoyetmemprswelenal. Te- Ge- Sb al | oy of diff.ering
conposi tion. The conpositional grading nay take any form which reduces set
resi stance val ue diAT¥2ERE oh@Foned” Srevarl praces it Prounin Figure Sniceeomg 2al | oy

of the sa al | oy system. Al th radi ng,can (o] i.sh ' re
Chan tuo. a1 oyt b inhy " Be coRes Farth SRtk oaR RIS CR e el oo
be non-uni for Mg, M0 eCORMpRWPHEN i\ FRREY, e 1op ARMeS PinecQmBosie ispals

gradi ng which results in reduced resistance value drift includes a uniform
and conti nuousizga@nag bédenCedhidgnailedtcheadt tooldam hafowed, frattiuding dorShPBTe56
at the opposite surface. Another manner of enploying conpositional

modi fi cati on tasiacediie therreenay matesaldinefcolumes ipgotiuds tomiarththe Imement awer 250)- menor y
material. That_is, the volune of nenory material may be fornmed of a

plurality of difedisanbof the Falpmisps wellhdsing SPemof HPeang fay PRGORUGHILES 8 Bn.  For

exanpl e, the vl f,_memmr: eri.gal i ncl 0 r r . i,f s of
| ayers, eg‘éh oa%‘é“ggs"‘ﬁh“ﬂ% F\"‘%g? gwr% Elreaa .0 cé%%%]s??'é?%gfe%gfeg-qggg %ﬁ%\’%g'? g&%‘ai n,
as was the casga¥iriddjagERqs heGREMAT Mdidal . TREXWER BRY BRkS-SdtiSial laAkedan pahi ch
results in substantially reduced resistance value drift can be enpl oyed.
The | ayers maymdue tobe Hersmaidst hijacdonedise membienatenay be of differing

t hi ckness. Any nunber of layers may be used and nultiple | ayers of the sane
al l oy may be preserfheinamewas cpptiuntive siflewalsoacer1 DA oTiguse 6 meytheanade by
contiguous or renote fromone another. Al so, |ayers_ of any nunber of

di ffering al | S§™WShBYEE tSPBIErHRYeHBE BEUCtive SPRE™ X AMhPeClofiawEnp i heSnal

| ayering is a vl of nory material. i.ch i.ncl ter i yer
pairs of %‘214%’%%9 e Bar@@%g%éﬁ'fe‘%g.m\&gﬁe %'g? F%%éﬁ%bgfﬂgéﬁ%%sa%’%i onal
i nhormogenei ty goadfRfdsEor i &tbait 8RASs \gﬁi&f b thee@65RMERGAE BB YosdERieni Ng
conpositional grading and conpositional [ayering. Mre 32 Repl acenent
Sheet 24 Sept epbedr b0 ettdst isdtibag dfthe ddngual@srrBNIndenatd teomassi ti onal
gradi ng may be conbined with any of the above descri bed conpositional

| ayering to forma stable volunme of nmenory material. Exenplary vol unes of
menory material which enploy this conbination are: (1) a volunme of nenory
mat eri al which includes a discrete |ayer of Ge22Sh22Te56 followed by 5 a
graded conposition of Gel4Sh29Te57 and (22Sb22Te56 and (2) a vol une of
nenory material which includes a discret® |ayer of Gel14Sb29Te57 and a
graded conposition of Gel4Sb29Te57 and Ge22Sh22Te56. It is to be understood
that the disclosure set forth herein is presented in the formof detailed
enbodi nents described for the purpose of making a full and conplete 10

di scl osure of the present invention, and that such details are not to be
interpreted as



limting the true scope of this invention as set forth and defined in the
appended clains. . 33 Repl acenment Sheet 24 Septenber 2003 AVMENDED CLAI M5
1. Anenory elenent, conprising: a first dielectric |ayer; a conductive
| ayer fornmed over said first dielectric layer; a second dielectric |ayer
formed over said conductive |ayer; a progranmabl e resistance material in
el ectrically communication with said conductive |ayer, suhgpaRibfbhy all of
sai d communi cation occurring through an edge of said condugbipeantayer. 2.
The menory el enent of claim1, wherein said first dielectric |layer has a
sidewal | surface, SpédledsMddneividdeofl 18y E5nd0EivEBpdRF BBELAVRIhS Aafhos) Hanad |
surface, said edge being a top edge of said conductive layer. 3. The nenory
el enent of cl afeargseswheresnsartomhl ecrdodiat vagidnayegenesl, shec emallec thevares btlewal |
spacer. 4. The nenory elenent of claim2, wherein said conductive |ayer is
a conductive | FREYSECHON. Mfehigheioh§ cureedensiyfwitingiha grossppfstien. n Thgjingrease
conductive layer is . cup-shaped, said e bei ng, a rimof said cup-shaped
| ayer. 6. The %f?erg et Sér?crec?ls‘éﬁ?r‘ll?‘ﬂ??\m@ge °§%fitgéé%?§%°rY§"aéer§|'d29\'gll
surface of -sai groG?tS&C#HFiEérwseE%Etrﬂow?rgom%&m&@&%zeﬁée”e”t of claim1, wherein
Ing to athic

sai d edge has a dinmension correspon ness of said conductive

llayer. 34  Repl aceTmnnhaf @fthe2dbnSedil€ BlaNalCHRgrS as TRk JEBAGY Mictla86% Rith Of
claim7, wherein said dinmension is between 50 and 1000 Angstrons. 9. The

menory el enent regpect tcathenrzmonhmatenial aidvedegreaaesothe @owtiktaif Heet everyy teamisred
programmabl e resistance material and said conductive |ayer is at |east a
portion of an BFKNYU%erONdurke spacRs fpMdhememeysateriaiask 1, wherein said

ducti I [ t | t at er.i al d f
Consi ating of titanh ST GETeD i VB AL TETTRESERE S S
carboni trhde. Lddsalldashid SOReMrdifelronf &' Hle iler SABGHBRIY ALlehGOas
titani um tungsten, tungsten silicide, tungsten, | ydenum oped

pol ysi li con. 1descdeq, tAe BBHdY ctRleQPBdRl maf bE kinBd By thekerkenal Saiddiied o angi@bl e
resi stance material includes a phase change material. 12. The nmenory .

el ement of cl atantaty layen enteiarsidesmiat syrfacg faliowedb yeary amsiosdneten ofethecarddct ape] udes
a Altemately, the conductive sidewall spacers may he formed as a multi-layered
conductive spacer from more than one contact layer. Generally, the conductive sidewal
15 spacers of the present invention may be forrmed from one or more, two or mare, three or
more contact layers.
The memory device 300 shown in Figure 7 is an altemate embodiment of the
memory device of the present invention wherein each of the first contacts 130ab is a
conductive sidewall spacer formed from two contact layers. Like the memory device
20 100 shown in Figure 1, the memory device 300 comprises two memory elements.
Figures 8A-8G shows how the memory device 300 may be fabricated. Refermring
to Figure 8A, provided is a substrate 102 and dielectric layer 128 forming a trench 172
with sidewall surfaces 1288 and bottom surface 106. The trench 172 extends

perpendicular to the plane of the iliustration. A first contact layer 332 is conformally

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

20



chal cogen elenent. 13. The nenory elenent of claim2, wherein said top edge
i ncl udes one or nore raised portions. 14. The nenory elenent of claiml,
wherein said first and said second dielectric |ayers are fornmed of the sane
dielectric material. 15. A nenory elenent, conprising: a first dielectric
| ayer; an electrical contact forned over said first dielectric layer; a
second dielectric layer forned over said electrical conta®epla@iedis@et a
portion of said electrical contact bei ng sandwi ched betweenSsantlerf2do2st and
second dielectrics, said electrical contact having an exposed surface
between said first and saj.d.secqond diel ectri ers, r bl e
wall sugfx%eéﬁzlg§ aﬁnﬁ(l)regch b(ﬁtgﬁﬂ e}urf%nge Jlt%y A §eco%§%oﬁta$ é%gF @:%@

resi stance maf'g?l al y coup 0 Sai d exposSed sur

Repl acement Shegt Rt RADGE: 2AR3h Girst EaRaERER 538! BN too® thel mdtBnd S,
wherein said first dieléctric layer has a sidewall surface, said conductive

| ayer bei ng f esdued comact Isyirsl 382 diBaadre asidbtfapealy stanal exposned treurdianealei ng a

top surface of said electrical contact. 17. The nenory el enent of claim 16,

wherei n sai d dkpased ipodibneefitesetiayess. alhegpTating pertaisdewes lrstea@etrlaye1 832, The

menory el ement of claim 16, wherein said electrical cont g%:% .S a conductive
ctieR

liner. 19.5 ThaMmiRAVsodrRfaitt: Jp L 88 et senaliayys FME8Nt act
liner. 10.° Thattdifo P 28" EFHAL AV efoct
s _cup- shaped, . sal. Gxposed: SULAGEEPEL G ekl B 2SRk oLl RRP L, or

el ectrical co e Imenory ‘€l enen rein sa

exposed surfaegs i SoiRciefCwd! kst SHELACSy P R4S ahdIing! Bedd fdthwall MYEATd4 forkla The
menory el ement of claim1l5, wherein said electrical contact conprises a

conducti ve natedHagbred 223nduie: sieewmdlyspateneing noted chatithe fist sivdveaiieayer, Setiile
programuabl e resi stance material includes a phase change material. 23. The
menory el emensutisfantaligifermes onwiesidawsll skifate 289 hasraretlal "feels regioarida fermeer i al

i ncl udes a chal co% n el enent . Repl acentot Sheet 24 Septenber 2002 at

36
| east oné% r af3 e gﬁmﬁét"?‘ﬂceépg-nent .

It is noted that the lateral Ehickness of the first sidewall iayer 342 is substantiallxl
equal to the selected thickness of the first contact layer 342. The thickness of the first
contact layer 332 is selected so that first sidewall layer 342 may have a substantiaily
uniform thickness between about 50 and about 1000 Angstroms, and preferably it will

15 have a substantially uniform thickness between about 100 and about 500 Angstroms.
Simiiany, the lateral thickness of the second sidewall layer 344 is substantially equal to
the selected thickness of the second contact layer 334. The thickness of the 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 fayer 350 is deposited onto the structure, filing 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. An electrically operated nenory el enent, conprising: a volune of
phase-change nenory material; and 5 a first and a second contact for
supplying an electrical signal to said nenory material, said first contact
conprising a contact |ayer having an edge adjacent to said volunme of nenory
material. 25. The nenory el enent of claim 24, wherein said contact |ayer is
athin-filmlayer. 10 26. The nmenory el ement of claim 24, mpelatissai d
contact layer is substantially vertically disposed. 27. Thes&mamergo@ enment
of claim 24, wherein said contact |ayer is planar. 15 28. The nenory

el enent of cl abHe Bhe AMELE-fbchdHs br GRNThRGlest V& tnd §rst5%sste%m0‘vﬁééu)éll layers.
horizontal |y di sposed. 29. The menory el ement of cialm?2 erel n said
contact |ayer BSpedifasiedn®rdges?346 sisdenal btesliicfReeectidfs of bR FRMBKY setgaent
of claim29, wherein said sidewall surface is chosen fromthe group

consi sting of siﬂe«@lﬁamw saspéciedly. via sidewal |l surface, and pillar

si dewal I surface. Repl acenent Sheet 24 Septenber 2002 31. The
menory el ement of cNﬁ’F‘rﬁhEZﬁm\ﬁH@‘f@i 'ﬁ\@%u:’ﬁz Fﬁer%aﬂecé\tﬁ’i‘t genedi 9 hatchader efars

si dewal | spaceg,; 32. eté[‘gggg@rrqhé/m n%‘g l]aadém ﬁﬁ%ﬁ%\t@erqe Hiﬂlrﬁd@fgaot’%am

| ayer is cup-I|ike sur hav

material. 33. [HAEnBRMRIYinEl ﬁf@c@waﬁ’fay@ﬂs alggn gérele%@ Liseh %H%eqﬁaoeqjepgﬂt% act

between said contact layer and said menory material is annular The

menory el ement o ted ainmord soVdzep il thésai ifdRRFIOn£ NThe GleRBtrid 1£/eP 360,506} benal
slice of said nmenory material. 35. The nenory el enment of claim24, wherein
sai d vol une of foreedel TREBexidgl siioat|dicddle, et silceasitideneNettathe sgesture s agsin The
menory el ement of claim35, wherein said at | east one chal cogen is sel ected

fromthe gr oupcwﬁ%z‘l"éf’ieﬁ@a'l‘ﬂa"yl'éc"'s’é%’dm%”a%zﬁ theiep Rtdee 9”%?%”%\‘“%?& m
35, wher ei, n sa cggeemr&( t rga%g{:rgcf ? %e a@?a@%; 4&% elil;%?%%dé mgw lay ai%%q}’l]%la%orgnenot

sel ected from group co

and m Xtures Ofyd! epysnk ighdefve 3 %earwésséﬁeela%r@a&m% bl 8 fom tHer el n
said nenory mat erl al further 1 ncludes at | east one transition
el ement. 25 38structure shown in Figure 7.
Refeming to Figure 7, it is seen that the top edge 348 of the second sidewall
layer 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 materal. In fact, the top
edge 346 of the first contact layer 342 is physically separated from the memory material
by the dielectnc material 360.
Hence, the area of coniact between the duallayered conductive sidewall
290 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 materiais for the first and second sidewall layers 342, 344 are preferably

22



Repl acenent Sheet 24 Septenber 2002 39. An electrically programmble,
single-cell nenory el enent, conprising: a volunme of phase-change nenory
material; and a first and a second contact for supplying an el ectrical
signal to said nenory material, at |east one of said contacts adapted to
maxi m ze the current density adjacent said nenory material, and to mnim ze
the thernmal energy flowng fromsaid nenory naterial to S®eglacaierk 8t2s&t one
contact. 40. A nethod of fabricating an electrically oper at&gptenbar@d02 arr ay
having a cell area |l ess than 8F2, the nethod conprising three or |ess

maski ng steps in addition to the 10 nunber of masking steps used for a CMOS
process flow. sfiecteR seethRole Gleckiad resdyivng tom el edewdldaier P42 freileat B@nriesror y
array having a s than 6F2, t hod conprising three or |ess

maski ng st eps ?I%?%HP%T%SW‘%(SB“%W@O%W”% k| ng steps used for a CMOS
process flow 15 4@3&@9@%‘%?9&&& Jrﬁé%rdw%gﬁé D&cdolt é‘h‘éhﬁé&f‘a 2%% %’FEEU&

electrically operate nory array r|S|ngt ree or I'ng Steps
in addition toiiden UHGBRR, tofgsiarsiiciRe, Sheddsn, WeRBdéim anMSdeaGRESiiddnow. 2
0 43. A nethod of fabricating a non-charge-storage, electrically operated
menory array, adnpanien ngridehiee fict sitess! lapes BAD nag heyesa ithickadgh tianeeent abolihe
nunber of maski ng steps used for a CMOS process flow. 39
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Since the resistance of the segment L2 is greater than that of L1 most of the
5 Joule heating within the dual layered conductive 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 electricai

contacts of each of the memory elements are conductive sidewall spacers formed by
10 depositing one or more contact layers onto the sidewall surfaces of a trench.

Altemately, the conductive sidewall spacers may be formed by conformally!
depositing one or more contact fayers onto the sidewall surface or surfaces of a via hole.
The via hole may be round, square, rectangular or iregulary shaped. The conductive
sidewall spacers may also be formed by conformally depositing one or mere contact

1% layers onto the sidewalt surfaces of a pillar or mesa.

Figure 9 shows a three-dimensional view of a memory structure comprising a
first contact 400, a layer of memory material 250, and a second contad 41Q. The first
contact 400 is a conductive sidewali 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
iayer of memory materiat is deposited onto the top of the structure sc that the bottom

28 surface of the memory material makes contact with the annular top edge of the
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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

n

substantially equal to the thickness of the conformaily depcsited contact layer. 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 annuiar edge
10 402. If the entire edge 402 makes contact with the memory layer, then the area of

contact is an annutar ring. The zjreé of contact is proportional to the thickness of thg'

edge which is substantially equal to the thickness of the deposited contact layer. Hence,
the area of contact can thus be reduced by controliing the deposition process of the
contact layer and the size of the effective electrode area of the memory device shown in
15 Figure 9 may be reducad beyond that permitted by the resolution of photolithography.
it is noted that the first contact 400 shown in Figure 9 is formed as the
conductive sidewali spacer 400 having a tubular shape with two open ends. Aitemately,
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 matenal 250.

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

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

25 surface to planarize the surface and expose the top edge 460 of the contact 450. The
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layers 250 and 410 may then be deposited. The area of contact between the contact

450 and the memory materiai is the region of contact between the edge 460 and the
memory materal. 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 layer 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’

1

as a conductive sidewall spacer on a substantially verticaily 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 horizontally disposed substrate. Figure 11A shows a three-
dimensional view of an aitemate embodiment of a memory element of the present
invention formed on a_single crystal silicon semiconductor substrate wafer 102. The
memory element 800 comprises the volume of memory material 250, a first electrical
20C 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 11B is 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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layer 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 812, (As shown, in this

embodiment the edge, is a cross-sectiona! slice paralle! to the thickness). The area of

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

on

the thickness of the contact layer 610. It is noted that electrical coupling between the
memory material and the contact layer 610 is by way of all or a portion of the edge 812
The remainder of the volume of memory material 250 is electrically isolated from the first
contact 610 by the dielectric matenal 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 passe;'
completely around a cross-sectionai 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 slice of the volume of memory matenal 250. In the

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

Aiso disclosed herein is an electrically pregrammable, singie-cell memory
element, comprising a volume of phase-change memory material; and a first and a
second contact for supplying an electrical signai to the memory material where at least

25 one of the contacts is adapted to maximize the current density adjacent to the memory
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Generally, the phase-change memory material used in the memory elements
and memory arrays of the present invention may be any phase-change memory material
known in the art.  Specific matenals are described in U.S. Patent Nos. 5,166,758,

10 5,296,716, 5414271, 5359205, 5,341,328, 5,536,947, 5534712, 5687,112, and
5,825,046 the disclosures of which ate all incorporated by reference herein.

As described above, th.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

15 the previous resistance value of the material in response to a selected electricat input
signal. Furthermore, the phase change materials preferably have a large dynamic range
which provide for gray scaie 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,

20 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, regardiess of the previous resistance vaiue of the material in
response to a selected electrical input signal.

25 In one embodiment of the present invention, the volume of memory material
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defining a single-cell memory element may have a dynamic range of resistance which
provides for two distinct detectable levels of electrical resistance values, thereby
providing for single-bit data storage capakilities.
In another embodiment of the prasent invention, the volume of memory material
5 defining a single-celi memory element may have at least three distinct detectable levels
of electricail resistance values and thus be capable of storing more than one bit of binary
information, thereby providing the memory element with multibit sterage capabilities.
Preferably, the volume of memory material defining a single-cell memaory eiement may
have at least four distinct detectable levels of electrical resistance values so that the
16 dynamic range and the multibit capabilities provide storage for at least two bits of binary

]

information in 2 single-celt memory element. ,
in vet 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

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

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

20 or alloys 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 8G.

25 Preferably, the one or more transition metal elements are selected from the group
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It has been determined that compositions in the highly resistive state of the class
of TeGeSb materials which meet the critenia of the present invention are generally
charactenized 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 materials was well below 70%, typically below
about 60% and ranged in general from as low as about 23% up to about 58% Te and
maost 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 matenal, remaining
generally below 50%. The remainder of the pnncipal constituent elements in this '
composition was Sb, The percen:tages given are atomic percentages which total 100%
of the atoms of the constituent elements. Thus, this composition may be characterized
as Te,GewSbime. These temary Te-Ge-Sb alloys are useful starting materials for the

15 development of additional memory materals having even better electrical
characteristics.

As discussed above, the memory materiai of the present invention includes at
least one chalcogen and may include at least one transition metal element. The
memory materials which inciude 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 maodification 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.

Generaily 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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Sb and a transition metal, in the ratio (Te.GesSbio@+t))c [Miooe where the subscripts are
in atomic percentages which total 100% of the constituent elements, wherein TM is one
or more transition rrietals, a and b are as set forth herein above for the basic Te—-Ge—-Sb

temary system and ¢ is between about 90% and about 89.899%. The transition metal

N

preferably include Cr, Fe, Ni, Nb, Pd, Pt and mixtures or alloys thereof.
The second category is a phase-change memory matenal which includes Te,
Ge, Sb, Se and a transition metal, in the ratio (Te.GesSbio(an)e TMaSe1001+q) Where the
subscripts are in atomic percentages which total 100% of the constituent elements, TM
is one or more fransition metals, a and b are as set forth hereinabove for the basic Te-
10 Ge-Sb temary system, c is between about 90% and 99.5% and d is between about
0.01% and 10%. The transition n‘!eta\ can preferably inciude 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 vaiues. 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 value remains substantially
constant for archival time periods. Of course, software (inciuding the feedback system
discussed hereinafter) can be employed to insure that absolutely no "drift* occurs
20 outside of a selected margin of error. Because drift of the resistance value 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

25 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 compaositional modification is o
include graded compositional inhomogeneities with respect to thickness. For example,
the volume of memory material may be graded from a first Te-Ge-Sb alloy to a second
Te-Ge-Sb alloy of differing composition. The compositional grading may take any form

which reduces set resistance value drft and need not be limited to a first and second

o

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 compositionat grading which results in reduced

resistance value drift includes a uniform and continuous grading of Ge14SbzsTes; at one
10 surface to GexShxTess at the opposite surface.

Another manner of employing compositional modification to reduce resistance
drift is by layering the volume o’f memory material. That is, the volume of memory;
material may be formed of a plurality of discrete, relatively thin layers of differing
composition. For example, the volume of memory matenal 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 empioyed. The layers may be of
simitar thickness or they may be of differing thickness. Any number of layers may be
used and muitiple layers of the same alloy may be present in the volume of memory

20 material, 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 alternating layer pairs of Ge.SbxeTes and
GenSbznTess.

Yet another form of compositional inhomogeneity to reduce resistance drift is

25 accomplished by combining compositional grading and compositional layering. More
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particularly, the aforementioned compositionat gracing may be combined witn any of the
above described compositicnal tayering to form a staole volume of memory material,
Exemplary volumes of memory material which employ this combination are: (1} a
volume of memory material which includes a discrete layer of Ge»Sbx=Tess followed by
5 a graded composition of GeSbaTesr and GexSbaTess and (2) a volume of memory
material which includes a discrete tayer of Ge1.SbeTes; and a graded composition of
GesSbhagTesy and GEnszzTese.
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

id disclosure of the present invention, and that such details are not to be interpreted as

limiting the true scope of this invention as set forth and defined in the appended claims. ' '
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1. A memory element, 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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9. The memory element of claim 2, wherein the area of contact between said programmable

resistance material and said conductive layer is at least a portion of an annulus.

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, titanium tungsten,

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

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

phase change matenal.

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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said electrical contact.
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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26. The memaory element ofsclafm 24, wherein said contact layer is substantiaﬂy

vertically disposed.

27. The memory eiement of claim 24, wherein said contact layer is planar.
15
28. The memory element of claim 27, wherein said contact iayer 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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sidewall spacer.

32 The memery element of claim 24, wherein said contact layer is cup-iike surface

5 having a open end adjacent said memory material.

33. The memory element of claim 24, wherein the area of contact 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

3

slice of said memory material.

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

15
38. The memory element of claim 35, wherein said at least one chaicogen 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 teast one transition metal element.
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a volume of phase-cnange memory material; and
a first and a second contact for suppiying an electrical signal to said memory

material, at least one of said contacts adapted to maximize the cumrent density adjacent

o

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

10 number of masking steps used for a CMOS process fiow.

*

E)

41, A method of fabricating an electrically cperated 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.

15
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.
20 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.
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