REPRODUCI BLE RESI STANCE VARI ABLE | NSULATI NG MEMORY
DEVI CES AND METHODS FOR FORM NG SAME FI ELD OF THE
WO DMERTIOCN [ 0001] The invention relates to theP€T/@b206631345
random access nenory (RAM devices fornmed using a
resi stance variable material / and in particular to an

i nproved structure for, and a nethod of manufacturing,
REER ORUSTBhE R ESAISTHANEC ¥R TA Bl ERNSUL ASANKGRAENDORY DEVICES
THE | NVENTI ON E\ggOZ] Resi stance variable nenory is a

RAM t hat has ANG}METHODSEHQRAQRVIMNG SAME st i cs
that can be changed by external influences. The basic
conmponent of a resistance variable nenory cell is a

vari abl e resi st or. FIlD QF THBINVEESTEON ~can be

programed to have high resistance or | ow resistance

(in two-state nmenory circuits), Qr any internedi ate
r esi WPBHce Javredaventomniglates &9 ﬁ}eef?%%ér?:slr@n@ﬁ)wcmmemﬁéy (RAM)

di.fferent resistance val ues qf t he .resi t,ance,valri abl e
defpes iprme|using f dedsienth Ratiahle Matesi 2ul gh partisHlan o an

. resi stance, vard abl e, me circuit. The advantages of
ERVER AU PRI ABHORS B B SRR LIy tafe yrgiable

Ci rCUieﬁé | eading to smaller devices, the non-volatile
MERFY AP i c of the menory cell, and the stability

of the nenory states. [0003] FIG 1 shows-a

Cross-section B%@(@;@W@Nﬁ %@Hgmr@@mvari abl e

menory devi ce. I's resistance vari able nenory device
is a Type GRAD (one resistor, one diode) nenory

devi o]l t REISHARS vArBIdmetity (&b RAI theghadlediPidal fesistance
characteristics that can be changed by external influences. The basic component of a
resistance variable memory cell is a vatiable resistor. The variable resistor can be
programmed to have high resistance or low resistance (in two-state memory
circuits), or any intermediate resistance value (in multi-state memory circuits). The
different resistance values of the resistance variable memory cell represent the
information stored in the resistance variable memory circuit. The advantages of
resistance variable memory are the simplicity of the circuit, leading to smaller
devices, the non-volatile characteristic of the memory cell, and the stability of the

memory states.

[0003]  FIG. 1 shows a cross-section of a conventional resistance variable
memory device. This resistancé variable memory device is a Type GRAD (one
resistor, one diode) memory dévice. It includes a word line (N type region) 102 in
substrate 100, a plurality of PJ:r regic:ms 104 and N+ regions 106, wherein word line
102 and P+ region 104 constitute a diode. A dielectric layer 114 is formed over
substrate 100. A plurality of memory units 107 are set in dielectric layer 114,

wherein each memory unit 107 includes a flat plate bottom electrode 108, a flat plate
1



substrate 100, a plurality of P+ regions 104 and N+

regi ons 106, wherein word line 102 and P+ region 104
waeomsgieut e a diode. A dielectric |layer 114 i sPE¢DUR®A6/031345

over substrate 100. A plurality of menory units 107

are set in dielectric layer 114, wherein each nenory

unit 107 includes a flat plate bottom el ectrode 108, a

to;%@: a@iﬁ{)aﬁg%l I%Efgﬁeg ¢ilrhHA2, @h@c}ﬁnlays'de%tmdfdfldmeblsznore

may or me one of more |ayers, between the

la}feil‘?ﬁoeﬁb@érﬁtk@%ét%&t@%ﬂo&@ dRctO8e 208lahdiehé Hat }faxalt@t élearode
r

éctrode 110 d line contact via 116 is fornme

11@“ Wcﬁatlﬁie(‘cohee\t@ kial itk is @penedth dfcloworidldyiend 14, oﬁ]nacmdvcufa/vord
i's electrically connected to N+ region 106; the

lin@ "cBﬁfacf—‘ﬁ@ 118 iebRetridallglcbyineqied esNed-egimral (60 takiottiengnd is
line 120 on the surface of dielectric layer 114 so

eldchadalliyhennedtdd td aeohfdctianline €20 on the byrfecnofedieleatridlayer 114
external circuits. Furthernore, there is a bit line

so HH themmed lore MRalaacledtcdlyenneguwitbrexétmel cirostd. y
connecting with top electrode 110 of the mermrE/ unit |

Futthrmp6o idreAs s bitdime Eiéalophnedon dielestrielayen it or electrically
resi stance varjable nenory device is a Type IRT (one

conreidtisgorith tiep elegtrodetldp pf éﬁ@ﬁ?‘%ﬁﬂ%@ 147 | ustrated in

FIG 2. This device includes a plurality of N+ regi ons

202 and 204 in supstrate 200. A dj. el ctrlc | aye
i s 1004k égcggﬁ@gqa%p]@ o%gozonﬂa%ip ,r@gs?a&;%)(zag% e memory
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dlgllsfl%r%ge%ge? 208 AMh b5 sﬁb%t\f&ﬁ f%Ob nﬁé@ctrﬁl‘a?@r f@)’m@ﬁldes a

one or nore ayers, each nennry

lifey | mi2 anda
Py BB A 3t i g o

plﬁf’ﬂﬁif bk EBr?ca& ihSDBd SHOD16. @i&%&nﬁr?%ﬁﬂﬂicﬁf&bs%ﬁmqﬂ@m bottom
ectrically connected to the gate Structure

electrode 206, a flat plate top electrode 208 and a resistive film 210; which may be
formed of one or more material layers, each memory unit is set on the surface of a
respective N+ region. Gate structure 212 and N+ regions 202 and 204 constitute a
transistor. Contact vias 214 and 216 are electrically connected to the gate structure
212 and the common line 204, respectively, so that the gate structure 212 and the
common line 204 can connect with the external circuits. Furthermore, there is a bit

line 218 formed on dielectric layer 220 for electrically connecting with the flat plate

top electrode 208 of the memory unit 207.

[0005]  Unfortunately, the metal-insulator-metal (MIM) structure with a
resistive film or insulting oxide sandwiched between two flat metallic electrode
plates as disclosed in FIGS. 1 and 2 does not provide stable and reproducible

switching and does not provide memory properties in a controlled manner, as the
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212 and the conmon |ine 204, respectively, so that the

gate structure 212 and the common |ine 204 can connect
waowdao/oetees ext ernal circuits. Furthernore, therBCT/ESH06/031345

bit line 218 forned on dielectric |layer 220 for

el ectrically connecting wwth the flat plate top

el ectrode 208 of the nenory unit 207. [0005]

cort#%{cﬁi{g%ﬁ:?agﬁ ﬁe%ﬁe%e@érﬁhﬁés%#lo%ﬁ arf§RiRére (VA resiséive film or

a resistirve I'mor 1"nsulting oxid

msggaqg\&@pﬁg bg&}%&gﬁ%&p leai;bg)tf&ﬁ 2lekireded. cTHd RERloph ahas

ose 2 does not provide stable

unBredi GBI duaBlEn gw&{ Sdiv@nand cieestoRtbaieowd eebaeraityd by

roperties 1n a controlled manner, as theconduction

rarkRof ARATHGABAICHDICHERBNifsGRThOAEMGsiRNIhEr € [N he
resistive filmor insulating oxide between the top and
bottom el ectrodes. The random and unpr edi ct abl e
congieos] on Mrkdisheleded thehefosd, anmitesndtivetrrfaeated fovithproving
created by random and unpredi ctable defect sites in

and kengelagy thedohilietior] pbijetieen ¢he elentwedesdn & tesistdrmesariable
an alternative apparatus for inproving and controlljng

menfieryodmdecta fonmgatge dreayeeaimemery degicevbisedian He resistance
resi stance variable nenory device to formlarge arrays

switthingnphignogearioses based on the resistance sw tching
phenonmenon. BRI EF SUMVARYOF THE | NVENTI ON [ 0007] The

bottom el oot nEHI MM SRMOEnEE IRFERTDNnor y

device. The shaped bottom el ectrode ensures that the

bot [GRYDI ccthestiesrl TRENAETITERE) el dABIRPRY Hoplhe
ele!gﬁ‘rgg.? ?15) ai‘%sﬁ%‘ﬁé'ceg%%ﬁi%lg lﬁ]?ﬁ%ﬂ{)ﬁf%@%i?&?ﬁ%& %Fd Ct@% K r?ie%)ectrode
enfl28 nEANABD BRRALS ok ﬁ‘feaﬁlsglaﬁng material at the tip of the bottom
electrode is thinnest, therefore creating the largest electric field at the tip of the
bottom electrode. The small curvature of the electrode tip also enhances the local
electric field. The arrangement of electrodes and the structure of the memory
element makes it possible to create conduction paths with stable, consistent and

reproducible switching and memory properties in the memory device.

[0008]  Additional advantages and features of the present invention will
be apparent from the following detailed description and drawings which illustrate

preferred embodiments of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009]  FIG. 1 shows a cross-section of a conventional resistance random

access memory device.



electric field. The arrangenent of el ectrodes and the

structure of the nenory el enent nakes it possible to
w@ee@aneocdnduct i on paths with stabl e, consi st ePCT/E8)06/031345

reproduci bl e switching and nenory properties in the

menory device. [0008] Additional advantages and

features of the present invention will be apparent

fro f ol ' ' Lk pti ' .

Whi ELOtO!Tﬁ ) BHO@?E%%%%S%?)% P?na Ql#t)tgl%g ?%%tﬁ)‘ﬂapgesslstame

ustrate preferre

oA bQs o5 BESER PTI O OF THE DRAWNGS [0009)

OWs a cross-section of a conventional
resi stance random access nenory device.[0010] FIG 2

sho r o36Se i hon# ice i
o e R o S Ry devfee in

adcbt dideal B adl e&éﬁiﬁ Ay SHBSENTSE of M gfesanm%ﬁuoﬂevi ce
i n accordance with an exenpl ary enbodi nent of the

present invention. [0012] FIG 4 illustrates a parti al

Cr oS[@OsEICt | BNGO4 ilbustiiney i/ paleidl efskBe@tdDbtanten vyt devide in

second exenpl ary enbodi nent of the present invention.
adcofdaB]ceRliEh ab setdnubexamhplarpemdiotimbnicofobe - paesHnt dnveftion.

menory device in accordance with a third exenplary

enbodi ment of the present invention. [0014] FIG 6

i |1 u9Ot3t es FAGCD Bhistratestd padial viaserseftion efenireomayoteyice in

waf er undergoi ng the process of forming a nenory
acgerdance g pdhing exempharyxenpodinyens ob dag prasenbinvendon.

present invention. [0015] FIG 7 illustrates the

. t f . '
zﬁbms@gﬂ%ﬁf ! %EG? (]tJ] gﬂsgqqx&%rgaérﬁnggqg%%gafviee«fr of & semitonductor wafer
undergoing the process of forming a memory device according to an éxemplary

embodiment of the present invention.

[0015]  FIG. 7 illustrates the semiconductor of FIG. 6 at a stage of

processing subsequent to that shown in FIG. 6.

[0016]  FIG. 8 illustrates the semiconductor of FIG. 6 at a stage of

processing subsequent to that shown in FIG. 7.

[0017]  FIG. 9 illustrates the semiconductor wafer of FIG. 6 at a stage of

processing subsequent to that shown in FIG. 8.

[0018]  FIG. 10 illustrates the semiconductor wafer of FIG. 6 at a stage of

processing subsequent to that shown in FIG. 9.

[0019]  FIG. 11 illustrates the semiconductor wafer of FIG. 6 at a stage of

processing subsequent to that shown in FIG. 10.



[0016] FIG 8 illustrates the sem conductor of FIG 6

at a stage of processing subsequent to that shown in
WO-R@7/071913 0017] FIG 9 illustrates the sem conPUT/USL006/031345

wafer of FIG 6 at a stage of processing subsequent to

that shown in FIG 8. [0018] FIG 10 illustrates the

sem conductor wafer of FIG 6 at a stage of processing

SO it DA Ao d AcfSoonkORLE) o] Bryfdnducor ware
o8l SRS PR s PSR Y B
e@gnrlﬁ?@f-’é‘ﬂn%ﬁﬂﬂéﬁ%f %?@é&eﬂﬂﬁﬁk@@ﬂoﬁg a second process

mng a nmenory device according to an exenplary
enbodi nent of the present invention. [0021] FIG 13

i1 ysppgt es Fiie1 $8msGard¥Ré SsmRonduEorkt RE. & %@ﬁﬁgg]ﬁf

processing subsequent to that shown in FIG 12. [00

prokéasiddsubdedabhiothafsigvas & BRGIi2oNal view of a
sem conduct or waf er undergoing the process of formng

a nenory device according to an exenplary enbodi nent

of g0822jond Fé@BbbHilhktrhtesta drbss-qucesant viewveid seniconductor wafer

[0023] FIG 15 illustrates the sem conductor of FIG
uridergoing theggecess of fareingiangeswry epuaetactordihgto shexemplary

in FIG 14. [0024] FIG 16 illustrates the
emslkodisvnd o reecofd EmBodimentt ofghe trageend inyardioms si ng

subsequent to that shown in FIG 15. [0025] FIG 17

illustrates_a processor-based system havin

! a menory
el enB&#3lf or g Eeitlystinteg thesemicopusiot el afgnstage of

processing subsequent to that shown in FIG. 14.

[0024] FIG. 16 illustrates the semiconductor of FIG. 14 at a stage of

processing subsequent to that shown in FIG. 15.

[0025]  FIG. 17 illustrates a processor-based system having a memory

element formed acéording to the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[0026]  In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof and show by way of illustration
specific embodiments in which the invention may be practiced. These embodiments
are described in sufficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments may be utilized, and
that structural, logical, and electrical changes may be made without departing from
the spirit and scope of the present invention. The progression of processing steps

described is exemplary of embodiments of the invention; however, the sequence of



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0026] In the

follow ng detail ed description, reference is made to
W0 b@7azenpanyi ng drawi ngs, which form a part PEr/E81006/031345

and show by way of illustration specific enbodi nents

in which the invention may be practiced. These

enbodi nents are described in sufficient detail to

| oyt ' Pt r Cli . .

sti‘éﬁé‘g fotifeREd B 86k foPthi g e Rt dﬁé‘l& ﬁlagg?et %Haa?\%gﬁi %g s known in the

vention, and 1t is to be understo

al@'aditie Bk & Siesteldd ﬁécé@ﬁriglf‘ﬁ@cdr%g Bt %gfdi'ﬁ 8lder.

| ogi cal, and electrical chandges may be nm W t hout
departing fromthe spirit and scope of the present

i nvejooRpn. Tihe tBFAJEEB 8" Qéecpirpﬁﬁﬁféilﬁﬂriﬁ% €BScription may
described is exenplary of enbodi ments of the

inichaderdriyosuppaviegstouctdre isdadigs uehst BstedstoN@blastic, ceramic,
limted to that set forth herein and may be changed as

sensicknduttor, rortdthernsubstratd that has &x eepbdcdnsudlstiatepaface. A
necessarily occurring in a certain order. [0027] The
senaicondgctbs sulxteite sbewldi be uhderswodawiingude sdidops sitinomrawn-
i ncl ude any supporting structure including, but not
insylater@Qlp silicopterssapphiteSii) cdopahind madoped semiconductors,
ot her substrate that has an exposed substrate surface.
epitaxdatileysiva oé sdicos supPeHee byiduise spariennghicsenfoyndation, and other
i ncl ude silicon, silicon-gninsulator (SA), ]
seguLpRGHCIEH MakeiH st ciies) | IHEE riaapged a semiconductor

em conductor.s,. epi.faxi al, |l ayers of sjlicon supported
s Rl AEWALeR i o FRICTR e ssiTiatio s Pre Rious G esss Steps may have
b m ongﬂptor material .structures. When.reference js
i,

O LR ERIG0E 5 USHHE MU OE 0BT ighase ppmygpaductor or

fo%ghgg%ng description, previous process steps may have
een utilized to formregions or junctions in or over

t he base sem conductor or foundation. [0028] The

i‘ NVenb2gN Wrhk iR HR Wi PhSH b ildiRel §Fieh BaFeferlcl t6 B figures,
i gures,
which illustrate exemplary embodiments and where like reference numbers indicate

like features.

[0029] A memory device 301 according to an embodiment of the invention
is schematically illustrated in FIG. 3. The device 301 includes a shaped bottom
electrode 308, a top electrode 310, a dielectric layer 314, and a resistance variable
insulating material 312 between the shaped bottom electrode 308 and the top
electrode 310. In a preferred embodiment of the invention, the resistance variable
insulating material 312 is formed from resistance-reversible materials such as
colossal magnet resistive thin films, such as, for example a PCMO thin film (ie.,
Pro7CrosMoO:s); oxidation films having Perovskite structure, such as, for example,
doped or undoped BaTiOs, SrTiOs or SrZrOs; or an oxidation film such as, for
example, Nb20s, TiOz, TaOs, and NiO. Preferably the resistance variable insulating

material 312 is S5rTiOs. The shaped bottom electrode 308 and the top electrode 310
6 .



which illustrate exenplary enbodi nents and where |ike

reference nunbers indicate |ike features. [0029] A
woreeony1ddevi ce 301 according to an enbodi ment PET/URM06/031345

invention is schematically illustrated in FIG 3. The

devi ce 301 includes a shaped bottom el ectrode 308, a

top electrode 310, a dielectric |ayer 314, and a

0 U S A BB 2Bl .o
otiier%uitaBleAmBle 88 %l?tg‘l S aRMle, #RUER. | nvention, the

resistance vari a I'hsul ating material 312 is formed
fromresi stance-reversible materials such as col ossal

MagNedz0] €Si Réfe¥shdehi Aofi thiBe tSBID 42FIGE 2%is SXAMRIS F8G. 3 and
P thin film(i.e., Pro.7Cro.3Mo33); oxidation filns

il1favdtBga RETAYEKAEHE S BIHvhEFcthe SUsiBtadBe vAREDIRMREMAENg material
doped or undoped BaTiq 3, SrTiq 3or SrZrGs; or an

312%a6lBbéroplanakized beforathe top elextaddd F10 M¥dsken foikRd over the
TaGs, and NiO Preferably the resistance variabl e

subst3ate®00Ng material 312 is SrTKX The shaped bottom
el ectrode 308 and the top el ectrode 310may be forned
froma netal such as for exanple, platinum titanium
or §a03d] orRefiebmrcessinowihadertn BIG. &l FIGub s simyilar e FIGS. 3 and 4
exanple, SrRuq 3. | 0_0303) Reference is now made to FIG
andl illpsteateq airgemony Havice 804a@ordingrig a thingsembedisnent of the present
_~menory device 303 where the resjstance variahbl e,
verfinrawhars thethatiomn eleetroa §0% isdariped wxer acangusibyapkuge’22. As
.top e|ectrode has been forned.over .the sulstrate
dl%w@se% dore Wb FerRs G B RATIARE INHAIRKCE TBACHA G D asbeen
simlar to F . 3.and 4 iJlustrat a nor
pigitied birebe dpnk Boge 2 fns hedthisiichimfer GFE piistrate 300. Tt
I nt_Lnventien ere. the bat. . . '
shggfﬁedu%g%l}s?oaodcg}?& \éﬁ(}% fl:e\%/lestca%}cs éf%%l%gfg %&%&ﬁg%&%ﬁgl 32 may
simply deposited and then have the top electrode 310 formed over the resistance

variable insulating material 312, as discussed above with reference to FIG. 3.

[0032]  FIGS. 6-11 depict the formation of the memory device 301
according to an exemplary embodiment of the invention. No particular order is
required for any of the actions described herein, except for those logically requiring
the results of prior actions. Accordingly, while the actions below are described as
being performed in a general order, the order is exemplary only and can be altered

if desired.

[0033]  FIG. 6 illustrates a dielectric layer 314 formed over the substrate
300. The dielectric layer 314 may be formed by any known deposition methods,
such as sputtering by chemical vapor deposition (CVD), plasma enhanced CVD
(PECVD) or physical vapor deposition (PVD). The dielectric layer 314 may. be



di scussed above with FIG 3, resistance variable
insulating material 312 has been pl anarized before the
wo op7ekwes r ode 310 has been forned over the subPGI/D81086/031345

300. It should be understood that the resistance
vari able insulating material 312 may sinply deposited
and then have the top el ectrode 310 formed over the

fogﬁlseidsdf%rkgﬁgéﬂﬁ&ﬁﬁ!iﬁ%dlrﬂg#g At 0 B 8L éiﬁk%r?’é%iggggi@h acgicon

' Scusse ove W t rencé to FI G

nifridd sﬁlﬁﬁ%ﬁ& 10vWP8iI QAR bR R mbbi&idIRiRbNg B8:ge 301

acco to an exenplary enbodi nent of the invention.
No particular order is required for any of the actions

descipphgd her @bk 384 EeRkmiedlovieh Bsediet@ti@laly¥r Beg Ui thag
the results of prior actions. Accordingly, while the

illaetrbeidseriBO dimenit ethdefgdld rdlisaplgoregispardsky thednask 316, however,
general order, the order is exenplary only and can be

conlld engtead be arp btied.suitdbR3haterial stich hd, fot e>ameslepa metal. An
dielectric |ayer 314 fornmed over the substrate 300.

opdrang B33 extendmgl taythe sBhdtrate\30Dés farmeddnhitie digledtniownyer 314 and
deposi ti on nmet hods, such as sputtering by chemni cal

maslpdt6.dBpoepering L&D, befarsresl en knowedneliods pEdvD)rtofor
physi cal vapor deposition (PVD). The dielectric |ayer _

examplaaybea tonvardioskl patering endeithing puecess-nfressially, the opening
such as sjilicon oxide (Siqg 2), a siJicon nitride, |,

31845 touned By polty @td) Bamosessndiexn subsipatially verticghgjdewalls.
others. [0034] A mask 316 is forned over the

the RIS 31435BoW RIS 27 ortipit Rl BB RIURSBAE Widened to
foglgmgfggée,mgg 8RR IR GRS 30 ;gyf&g %%%.;m g,ggﬁ@%%@x%e'nds under
R0k ¢ APl 21 300k QL RSl Bpger hon he
optnih @ BIB thiBY gk oA TEHL ek B14NPrééfably, Yhe opening 315 is formed

using a wet etch process.

[0036]  FIG. 8 depicts the formation of the shaped bottom electrode 308. A
conductive material is deposited on the mask 316 and through the openings 313, 315
onto the substrate 300 to form a cone-like shaped bottom electrode 308 and a
conductive layer 341 over the mask 316. The shaped bottom electrode 308 may
comprise any conductive material, for example, platinum, titanium or gold, or other
suitable materials such as, for example, StRuQOs. The conductive material is
deposited by a physical vapor deposition (PVD) process, such as evaporation or
collimated sputtering, but any suitable technique may be used. As indicated by
arrow 351, the substrate 300 is rotated during deppsition of the conductive material.
Additionally, as indicated by arrows 350, the conductive material is deposited in a
single direction. Preferably, as shown in FIG. 8 by the angle of the arrows 350, the

conductive material is deposited at an angle less than approximately 75 degrees
8



exanpl e, by a conventional patterning and etching
process. Preferably, the opening 313 is forned by a
wa@lrgo7m21Om3 vi a process to have substantially verP€T/T81006/031345
sidewal I s. [0035] As shown in FIG 7, a portion of the
opening 313 is widened to forman opening 315 within
“the dielectric |ayer 314. The opening 315 extends

iRt o, fR b Yehtec UF g ARpRBaRE AL B% R R erial can

E T e L

depicts the formati on of the shaped bottom el ectrode

308. ondpelih Mg haped ROglet2dd o808 i D :
316 [gﬁsﬁthrgggﬂhﬁtﬁﬁ?%%g#?hgg%gﬁg 315 onto thgngﬁﬁkV process

theWBSink ¥ ga 9 hdt@cb@F Whan GangedttdeR is Hepred BOtHOMnventional
el ectrod 08 and a conductive |ayer 341 over the mask

chdhbicalRigos ldepesitibat(CVDBhlestrotes 288 berwotdumr Additiially, PVD
conductive material, for exanple, platinum titanium

deposttedl dnateriabichds t6 hbavahlsemovth@rsuaiate shahCa) deposited material.
exanple, SrRug 3. The conductive material is deposited

Abgordingly sheshapedimttate phertiode308 BvVD) havoe eswotlsercrfse than
evaporation or collimated sputtering, but any suitable

cargehtipnalelediyodss. used. As indicated by arrow 351, the
substrate 300 is rotated during deposition of the

conductive material . Additional lci/ as i ndicated by
ar r dW838I50, Threordwetine fayer #h and the maskdiparatemqyedaas
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desired. [0037] By forming the shaped bottom el ectrode
308 1453919 aRBMLREA6FEE: 10, a resistance variable insulating material layer

312 is formed within the opening 315 and surrounding the shaped bottom electrode
308. The resistance variable insulating material layer 312 is formed from resistance-
reversible materials such as colossal magnet resistive thin films, such as, for
example a PCMO thin film (i.e., ProsCrosMoQs); oxidation films having Perovskite
structure, such as, for example, doped or undoped BaTiOs, StTiOs or SrZrOs; or an
oxidation film such as, for example, Nb20s, TiOz, TaOs, and NiO. Preferably the
resistance variable insulating material 312 is SrTiOs. The resistance variable
insulating material 312 is formed by known methods, such as, for example, pulsed

laser deposition (PLD), PVD, sputtering, or CVD.

[0040]  Referring to FIG. 11, a second electrode 310 is formed over the

resistance variable insulating material layer 312. The second electrode 310 may



the seans or gaps that occur when an electrode is

formed in the conventional chem cal vapor deposition
W@ a2 pPhzig process can be avoi ded. Additi onal PgT/URPMDG/031345

deposited material tends to have a snoother surface

than CVD deposited material. Accordingly the shaped

bott om el ectrode 308 nay have a snpot her surface than

' I t ; T, j y .
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technique. For exanple, a chem ca ¢hani cal polish

(CWP) step can be conducted or a solvent lift-off

pr ocg)jaaggg\é r@?&ﬁﬁ@nﬁ%@&é’és’ﬁ%aétr@gi‘ BRVMhehQS Va8 Dut to

[ 003 ng to FI'G 10 si stance vari abl e

ele@tgichBY cHEPIBHE dholyad@ficd3P fosv ¥Rttt bf B thé@ory array.
openi ng 315 and surroundi ng the shaped bottom

el ectrode 308. The resistance variable insulating
mat efi0042] | ay@GS 31213 Blubtateahdtherexespliposdodveacst fordorming
materi als such as col ossal nagnet resistive thin
thieithemoryg elemed 301 accord argploetha iPGMBidrhi Thd embodiment illustrated in
Pro. 7Cro. 3Mo(B); oxidation filnms having Perovskite
FI§315. 12+13rie singilattodbat describgd i FEGS.dopb @xoeptithaoibedecond opening
BaTig 3, SrTiCe or SrZrGs; or an oxidation film such
31&5(,131&07) reedripitde fapneds, Tigq 2 TaGs, and N O

Preferably the resistance variable insulating materi al

et P41 3125 oG 100Gy 2 it bl T R ad hotgpesist mask,
s GRTRR Fiveh iR B S AbEBRd aub Ptk Arrqioining 313 extending to
o 3PalnE RRLL ARSI bR AR U R e g

el ectrode 310 mayconprise any electrically conductive

mat gobad] | The KPR BottBAILAM e 3dd @ BEMoPhned as described above
in connection with FIG. 8. A conductive material is deposited over the mask 316
and through the opening 313 onto the substrate 300 to form the shaped bottom
electrode 308 and a conductive layer 341 over the mask 316 as illustrated in FIG. 13.
As indicated by arrow 351, the substrate 300 is rotated during deposition of the
conductive material. Additionally, as indicated by arrows 350, the conductive
material is deposited in a single direction. Preferably, as shown in FIG. 13 by the
angle of arrows 50, the conductive material is deposited at an angle less than
approximately 75 degrees with respect to the top surface of the substrate 300, but
the conductive material can also deposited at an angle less of approximately 75

degrees.

[0045]  The memory device 301 is then processed as discussed above with
reference to FIGS. 9-11. Conventional processing steps can then be carried out to

electrically couple the memory device 301 to various circuits of a memory array.
10



gold, or other suitable materials such as, for

exanpl e, SrRuU3. [0041] Conventional processing steps
w@a0070kmwm3 be carried out to electrically couplBCT/82006/031345

menory device 301 to various circuits of a nmenory

array. [0042] FIGS. 12-13 illustrate another exenplary

enbodi nent for formng the nenory el enent 301

o B TS0 Bl the SRR i Blorhony i 5
<oy SRt R R SRR b ELE ) e
LR O ARGHAERLs Rt LR RERBUELe o G5 oo o
12Xx8ending to the substrate 300 is fornmed in the

dielectric layer 314 and nask 316. [0044] The shaped
bottom el ectrode 308 can be forned as descri bed above

i n coagct i ¢ COMIP btepliScofduded e Plifiarive th@t@idtahcd wariable
deposi ted over the mask 316 and through the opening

in3tihting! matdrial fayles Bl 2tcadidvd thefsoruttiideshobap@dFIhtibOM second
el ectrode 308 and a conductive |ayer 341 over the mask

elddiBods 310 Isfermad eder theffe@stahde vAsabledhsulhtng hyatarialhayer 312 as
351, the substrate 300 is rotated during deposition of

illustratashio G 6. dwtset foath abadw themeabhg elentrodadil amadedopprise
arrows 350, the conductive material is deposited in a

ary plgrieically sendlvetivernatesiadifpy examspleh platinum Hitgniurg asygold, or

he angl e of arrows 50, the conductive material is .

0@‘@56%%9%1 mateHals sHgl as/ fesexamale, afpi@xi werwmfiopgl processing
degrees wi.th respect taq the top surface of the | .

StERDE THeb DR ER 00t e leSRUALY FoRPldRe Franowaevire 301 to various

at _an %ngl e |l ess of approximtely 75

cidg,g Zoiétsa?rglemory array

[0048]  The embodiments described above refer to the formation of only a
few possible resistance variable memory element structures (e.g., resistance variable
memory devices) in accordance with the invention, which may be part of a memory
array. It must be understood, however, that the invention contemplates the
formation of other memory structures within the spirit of the invention, which can

be fabricated as a memory array and operated with memory element access circuits.

[0049]  FIG. 17 illustrates a processor system 700 which includes a memory
circuit 748, e.g., a memory device, which employs resistance variable memory
elements (e.g., elements 301 and/or 303 (FIGS. 3 and 4, respectively)) according to
the invention. The processor system 700, which can be, for example, a computer
system, generally comprises a central processing unit (CPU) 744, such as a
microprocessor, a digital signal processor, or other programmable digital logic

devices, which communicates with an input/output (I/O) device 746 over a bus 752.

11



[ 0045] The nmenory device 301 is then processed as

di scussed above with reference to FIGS. 9-11.
w@rweeidnal processi ng steps can then be carPCHUSIOG/031345

to electrically couple the nmenory device 301 to

various circuits of a nenory array.[0046] FIGS. 14-16

depict the formation of the nenory device 303

TRESRHbACCIt QP7 EEGAM UGB Rk BEO) FRILy b0 typically

I nvent 14 1 TTustrates nmenory device
ﬂ&bﬁgﬁ%ﬁﬁénﬁﬁ s8hubpet h above with reference to FIGS.
6-10 or 12- 1%. [0047] A CWP step is conducted to
pl anari ze the resistance variable insulating materi al
| ayefo0BAR t anaRb e eoftah@nipiites bit8ms RRVWBrd st 7
secoﬁh el ectrode 310 is g%éned %%er t he fgg%g%a ce (blnay
incardepérepharalitiaticegsuthtard fdpp ik &ive 25t drld Asdmpheddisc (CD)
in FIG 16. As set forth above, the second el ectrode
ROM drive Seppitiidealsoyosineahicateal it CRNALCbivethedie 762 Memory
for exanple, platinum titaniumor gold, or other
cismiit 6 s prafezrablyl onstrabtedsas ahdnteprated| drcusly WiichBincludes one or
Conventi onal processing steps can then be carried out
moge e¢sixtan¢ecvariable mgpheryt dlemeniepeg. ebamerts 200 ahd/or 600. If desired,
various circuits of a menory array. [0048] The
thermemions sirsuid €48 mayde edpbimedesydh the prdvessosr foatexampts CPU 744,
.only a few possible resistance vari able nenory el ement
mséwlagfedin%rete.dgcu:wﬁ%si stance vari abl e nenory devi ces)
in accordance with the invention, which may be part of
nmust .be. under st ood Qwever

o e Y S a0 At i ko it
o S AEIEEE At DR S S ot
oD RO FER DR e 988 s o vnton
cafi®BPhbdified to incorporate any number of variations, alterations, substitutions
or equivalent arrangements not heretofore described, but which are commensurate
with the spirit and scope of the invention. Accordingly, the invention is not to be

seen as limited by the foregoing description, but is only limited by the scope of the

appended claims.

12



circuit 748, e.g., a nenory device, which enploys
resi stance variable nmenory el enents (e.g., elenents
w@m7aeddr 303 (FIGS. 3 and 4, respectively))PCT/US2006/031345

according to the invention. The processor system 700,

whi ch can be, for exanple, a conputer system

generally conprises a central processing unit (CPU)

744, such as a m croproceggy@ digital signa

processor, or other programmble digital |ogic

devi ces, which comunicates with an input/output (1/0

devi YehA46 cRYRld@sRidsr ARZ AL IRIBY Yrétbéted 'b‘ty Lieters Patent of the

communi cates with the CPU 744 over bus 752 typically
Unitdd$tatghs:a menory controller. [0050] In the case of a

conmput er system the processor system 700 may i ncl ude

peri pheral devices such as a floppy disk drive 754 and

a cdupactA ananofyCelpmieabtainpyisingd6, which al so

conmuni cate with CPU 744 over the bus 752. Menory

circuit 748 is preferably constructed as an integrated

c@ﬁ@ﬁ???ﬁhhich i ncl udes one or nore resistance

vari able nmenory el enents, e.g., elenents 200 and/ or

MM T i
bein@gggégﬁhgﬂg%g[ﬂ&gg%g ;0% &Egeiiimt %lgggghevw le the invention

een descri al I'n ¢dnnection with
exenpl ary enbodi nents known at the tinme, it should be

r gadidnd slRgebatopgl that the invention is not limted
to such di scl osed enbodi nents. Rather, the invention

can be nodified to incorporate any nunber of

varresitianos vadhblenadilotse l5ebbbivwedn Qngd fist fildecah&rlectrodes.
arrangenents not heretofore described, but which are

comensurate with the spirit and scope of the
i nent i ofheAvenody ripnyenttakeoridirvett clamn ils wheteih Gahikresistance
seen as |limted by the foregoing description, but is

variaﬁ’l%li}{sﬁliam% (féjyelMs LR %xiscf:qu?er?f the

3. The memory element according to claim 1, wherein said first
electrode has a cone-like shape.

4. The memory element according to claim 1, wherein said first
electrode is selected from the group consisting of platinum, titanium, gold, and
SrRuQs.

5. The memory element according to claim 3; wherein said first

electrode is SrRuQs.

13



appended cl ai ns. CLAI M5 What is clainmed as new and

desired to be protected by Letters Patent of the
woioreehoss ates is: 1. A menory el ement conpri SPOYUSA06/031345

substrate; a first electrode fornmed over said

substrate, a first end of the first el ectrode being

| arger than a second end of the first el ectrode; a

secgnd erRetiQlGry délgli%eﬁ% aé;cga'gafggggecma{ 1,3Phéreif) §é&gas‘e'gcﬁgd

| ayer between sal rs nd el ectrodes.

menory el ement according to claim1, wherein said
electrodeisselantes] fram thislgroirpsohsisiing of aleginung, tianitxhgeld, and

| ayer. 3. The nenory el enent according to claiml,
SrRuC%er ein said first electrode has a cone-like shape. 4.

e nmenory el enent according to claim1l, wherein said

first electrode is selected fromthe group consisting

of Pl at i Themdmomnelemegohctording BrdRifesl, WwherEire sardmesigtance

el ement according to claim3, wherein said first

varialfl FoHIAg S pEls veral<at GRRLAE BPEPRpARtNg oL EF SHOHAh fifins,

fromthe group consisting of platinum titanium gold,
Perovakide StirifttRes ahd dki€afiBA®Bllmse! enent according to claim

1, wherein said resistance
8. The memory element according to claim 6, wherein said resistance
variable insulating layer is selected from the group consisting of ProsCresMoQs,
Nb20s, TiO2, TaOs, and NiO.
9. The memory element according to claim 1, wherein said resistance
variable insulating layer is doped or undoped BaTiOs, SrTiOs or SrZrQOs.

10. The memory element according to claim 1, wherein said memory
element is a resistance variable memory device.

11. The memory element according to claim 1, wherein the resistance
variable insulating layer between said first and second electrodes is planarized
before the second electrode is formed.

12. The memory element according to claim 1, wherein the second
electrode is formed over the as deposited resistance variable insulating layer.

13. The memory element according to claim 1, further comprising a

conductive plug formed between said substrate and said first electrode.

14



vari able insulating layer is selected fromthe group
consisting of PCMO thin filmnms, Perovskite structures
wapa7oxiddnt i on filnms. 8. The menory el ement ackOF/UB2996/031345

to claim®6, wherein said resistance variable

insulating layer is selected fromthe group consisting

of Pro.7Cro.3M(3, Nb Gs, TiO2 TaGs, and NNO. 9. The

mengy y elg%ogpﬁgﬁ{gn@g ﬁn?r.@ . m1, wherein said

resi stance variable |nsu?a Ing1ayer is doped or

undoped BaTiq 3, SrTiq 3or SrzZr q 3. 10. The nenory

elaggubstrategccording to claim 1, wherein said nenory

el enent is a resistance variable nmenory device. 11.

The nmenory el ement according to claiml, wherein the

r esdigleatrisdayerr foanied avies ghish subgtrptey saidiskielgetic lagipghaving an

first and second el ectrodes js planarized before the
opening-tsined) therein fom anfuppes gurfage o ticdpyardapsaid

according to claim1, wherein the second electrode is
subsiraieired over the as deposited resistance variabl e

insulating layer. 13. The nenory el enent according to

E'@?ﬂ;%téél i EEr P SiBaT FhEH SR ghalg it S itectri
i.Sing:. ; di el [
layer, SR o s R R B RE & el et i
| ayer having an opening forned therein from an upper

?!ﬁrlfegﬁﬁln% vﬁﬁéﬁleqhﬁhlﬁg}\ggéé/ér %ﬁéed ByeRddid ?Hg’tsé&é&}&ie iR dsaid

irst electrode forne r sald substrate and 1 n sal

openttQ) B dalid SRi1eLAL BAyR%! &1l
a second electrode formed over said resistance variable insulating layer.

15. The memory element according to claim 14, wherein said first

electrode is selected from the group consisting of platinum, titanium, gold, and

SrRuQes.

16. The memory element according to claim 15, wherein said first
electrode is StRuQOs.

17. The memory element according to claim 15, wherein said second

electrode is selected from the group consisting of platinum, titanium gold, and
StRuQs.

18. The memory element according to claim 15, wherein said resistance
variable insulating layer is selected from the grbup consisting of PCMO thin films,

Perovskite structures and oxidation films.

15



| ayer, said first electrode having a cone-|ike
structure; a resistance variable insulating |ayer
wo ooomeeidever said first electrode in said openP@mUSIV06/031345
said dielectric layer; and a second el ectrode forned
over said resistance variable insulating |ayer. 15.
The nmenory el enent according to claim 14, wherein said

fingt el ggby | i DS9S bS8 irBdst
11 ) SRR B LR Lt S cegpialidstance

menory el enent according to claim15, wherein said
varialfle istulating tayed s depet futndoped Bahi©udriOy or Pk

according to claim15, wherein said second el ectrode

i 2t urmi oot G LA 15 PhAHI resitance

according to claim 15, wherein said resistance
variaM@fihgfheng DSter & sdigetbdyi@in tise grelupatopdistingrof Phe (graddnOs,
consisting of PCMO thin films, Perovskite structures

and oxjdation filns.19. The menory el enment according
Nb2of/£@FréE32;?515r}g®ﬁ1‘Q"ei n said resistance variable
insulating |ayer is doped or undoped BaTiqg 3, SrTiCe

or o%r Zr fhegembi@ e[ERREH YucErdifeto @8ieR118] Whetetn 6didirddistance
15, wherein said Tesistance variable insulating |ayer

_is selected fromthe group consisting of
varialplednsudpdng iayes is feynwst overeaid diglsstrighyeni o 21. The
menory el ement according to claim15, wherein said

; :?g.s E:l ?2 @g}iﬁ%ﬂg@?&%ﬁrﬂéﬂla‘?@&ﬂﬂllﬁ fY&hirh 34] WhEREh B¥EFesistance
variable insulatinLg layer between said first and second electrodes is planarized
before the second electrode is formed.

23. The memory element according to claim 14, wherein the second
electrode is formed over the as deposited resistance variable insulating layer.

24. The memory element according to claim 14, wherein said memory
element is a resistance variable memory element.

25. The memory element according to claim 14, further comprising a
conductive plug formed between said subétrate and said first electrode.

26. A processor system, comprising:

a processor; and
a substrate;

a first electrode formed over said substre{te, a first end of the first electrode

being larger than a second end of the first electrode;
16



22. The nenory el enent according to claim 14, wherein
the resistance variable insulating | ayer between said
wo poogt2eamsl second el ectrodes is planarized bef PCBUS1006/031345

second el ectrode is fornmed. 23. The nenory el enent
according to claim14, wherein the second el ectrode is
formed over the as deposited resistance variable
| RSdbAd PR clrBYE and?4. The menory el enent according to
claim 14, erein said nmenory elenent is a resistance
vari abl e nmenory el enent. 25. The nenory el enent
aGGRsigtande LaAriGbRI iﬂkdléﬁn% Ustel DetwesPEdidiffigt and Sérdudtdid@rodes.
pl ug formed between said substrate and said first
el ectrode. 26. A processor system conprising: a
pr @7essorTh c8ssdi psteat icordihf 6 tladined, indt@einvaite irst
over said substrate, a first end of the first

e rger than a second end of the first

el ectrode being_ | a
elec“’é’ldéjlansé‘c?@?‘ﬁ'lkl@‘c%‘@di’eel ectrode: and a resistance

vari able insulating | ayer between said first and
secgnd el fR[8ssor Syster RcBFRAL IS ClaiYH, YRAEEVatH Akt
to claim 26, wherein”said first el ectrode has a
cone-li ke shape. 28. The processor system according to

electrordgiinpelectedieamaithe group eansinting ofqlpdaan, sitaniney gedl, and
fromthe group consisting of platinum titanium gold,

SﬁRuéFd SrRuGCs. 29. The processor system according to
claim28, wherein said first

29. The processor system according to claim 28, wherein said first
electrode is StRuQs.
30. The processor system according to claim 26, wherein said second

electrode is selected from the group consisting of platinum, titanium gold, and
SrRuQs.

31 The processor system according to claim 26, wherein said resistance
variable insulating layer is doped or undoped BaTiOs, SrTiOs or SrZrQOes.

32. The processor system according to claim 26, wherein said resistance
variable insulating layer is selected from the group consisting of ProsCrosMoQs,
Nb20s, TiOz, TaOs, and NiO.

33. The processor system according to claim 26, wherein said memory
element is a resistance variable memory element.

34. A method of forming a memory element, the method comprising:

17



electrode is SrRug 3. 30. The processor system
according to claim26, wherein said second el ectrode

WO g003mbmwes ed fromthe group consisting of platPOrm$2006/031345
titaniumgold, and SrRuO 3. 31. The processor system
according to claim 26, wherein said resistance
vari able insulating |ayer is doped or undoped BaTi Qe,

Srfgfrﬁr%ﬁx %&"e\llﬁ:tr'éde 3ch Ii‘flgbe( Pt end of tl?eyﬁfsg Qeg%ae W AYger

to clai ereln sa resi stance vari

than hRS&ERE &M of AVEHirst Slei@bget €d from the group consisting
of Pro. 7Cro. 3Mb(G3, Nb2Gs, Ti 2, TaGs, and NNO 33. The

processor system according to claim 26, wherein said

NESRhihged REBANdeSyaRiabRSinstiRIEE; 14 Péd AR @altPfiRdt ¥lectrode; and
el ement. 34. A nethod of formng a nmenory el enment, the

nmet hod conprising:formng a first el ectrode such that
a fbimiitg ®setont] eldrerddel stheedinshidomtsistandeatagiabld ingtlating layer
second end of the first electrode; formng a
is forresi Isétareen sual fib had isacarida¢lectgodlesyer over said first
el ectrode; and form ng a second el ectrode, wherein
sai d resistance variable insulating |ayer is formed
bet3heen sihenfathed agerrdingiondaion 8étwherein f@mingithe first
met hod according to claim 34, wherein formng the

B i e S e g oL S

claim 34, wherein formng the first el ectrode

corfigx i sesTHepuoshod ageosdrgnidudaiiny 84, mehereiraforavidg the first

rotating the substrate while depositing the conductive
electh’)%lteec%lmaﬁris%g d%gggi%nlg%scsontdrﬁ%ﬁvg nAI8H5EER f{(\gtgtri]né B Hstrate
while depositing the conductive material an angle less than 75 degrees with respect
to the top surface of the substrate.

37. The method according to claim 36, wherein the conductive material
is deposited in a single direction, such that the conductive material forms a cone-like
structure on the substrate.

38. The method according to claim 34, wherein said first electrode is
formed from a material selected from the group consisting of platinum, titanium,
gold, and SrRuQs.

39. The method according to claim 34, wherein said resistance variable

insulating layer is formed from doped or undoped BaTiOs, SrTiOs or SrZrOs.
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to the top surface of the substrate. 37. The net hod
according to claim 36, wherein the conductive nateri al

w0 g00depsi ted in a single direction, such thatP€es2006/031345
conductive material forns a cone-like structure on the
substrate. 38. The nmethod according to claim 34,
wherein said first electrode is forned froma materi al

sel ggted *f . RSy At . .

L8 o TG TGRS G, R B varial
to claim34, wherein said resistance variable

insulatsg) layémig sélayted fremfthe geolup comistorgeal n Cnadoel, NaQsqTiO:,
3, SrTiq 3or SrzZrq 3.40. The method according to claim

34 ein said resistance variable insulating |ayer
TaOf,ghglgﬁ@:t ed fromthe group consisting of Pro.7Cro. 3Moq

3, Nb Gs, @2, TaGs, and N O 41. The nethod according

to giai m 3%he mbgiogl dhcéﬁ:'liﬂglt@&1aﬁh@9§ﬁ7h‘é@éih%ai&resistance variable
insulating layer is fornmed by pul sed | aser deposition,

. hysi cal vapor deposition, sputtering r chem cal .
1113“&5%1&%&6%@@ by palseflasertapogition. Eh&?lﬁals‘@pqr&%maﬁon/
conprising: formng a first material |ayer over a

sput%é%ﬁ%,"o%ﬁémfc%[% deSS6@d material |ayer over the
substrate; formng a first opening wwthin the first

and second material |ayers, wherein formng the first
el ed2r ode Themethodofddziosd4 ifugher ewnprisingve mat eri al
through the first opening, and rotating the substrate

Wb £, 400NN £ORJUEL LGupRLer i al | the

con Ve nma ng deposited in a single
direction, such that the

forming a second material layer over the substrate;

forming a first opening within the first and second material layers, wherein
forming the first electrode comprises depositing a conductive material through the
first opening, and rotating the substrate while depositing the conductive material,
the conductive material being deposited in a single direction, such that the
conductive material forms a cone-like structure on the substrate, wherein the
conductive material is deposited at an angle less than 75 degrees with respect to the

top surface of the substrate.

43, A method of forming a memory element, the method comprising:

forming a dielectric layer over a substrate;
forming an opening within said dielectric layer;

depositing a conductive material in said opening by rotating the substrate

while depositing the conductive material, the conductive material being deposited in
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conductive material forns a cone-like structure on the
substrate, wherein the conductive material is

waleposeoesl at an angle | ess than 75 degrees w PET/US2006/031345
respect to the top surface of the substrate. 43. A
met hod of formng a nenory el enent, the nethod
conprising: formng a dielectric |ayer over a

a sin&%gg@g{eagagfech%mm @t ﬁ%ﬁ%ﬁ“@‘ém Ridles ifgﬁﬁiggcg)ﬁkrﬂ@

positing a co materra
| tyd ] j i{4.ng t he
strucie B e MbsiBhE hERohP e UARHALDAMY & A RRidden

deposited ina single angled direction, such that the

CRnduabi @ s IR HRE ivﬁfiaf)lféri%ulﬁtiﬁg'P@yériih%hébpé&ﬁhg! ghon the
substrate, the cone-like structure being a frrst
el ectrode; formng a resistance variable insulating

| ﬁjﬁ'ﬁmﬁm delen@pRRirode orBfltHealeRistighca vféﬁﬁblédnﬂhl@ﬁh%@ r.
over the resistance variable insulating |ayer. 44. The

nmet hod according to claim43, wherein the conductive

matdr i al Tlse thefus] dedrdingao chigl 48, vassseinhdie cobddetjvematerial
with respect to the top surface of the substrate. 45.

i depiP e Ab a8 Fo Yl Y PRy B e b e edfb Rtk Ehg e

group consisting of platinum titanium gold, and
subst@t®Ruq 3. 46. The nethod according to claim43, wherein
sai d resistance variable insulating |ayer is forned

I S A CR L A T L

resi stance variable insulating layer is fornmed by
formdthreffla hafefialdeRREId fr6fh tHRHELIH Rbn¥i8AAE of BRARIN Atanium,
goid, and SrRuQ:s.

46. The method according to claim 43, wherein said resistance variable
insulating layer is formed from doped or undoped BaTiOs, SrTiOs or SrZrOs.

47. The method according to claim 46, wherein said resistance variable
insulating layer is formed by pulsed laser deposition, physical vapor deposition,
sputtering, or chemical vapor deposition.

48. The method according to claim 43, wherein said resistance variable
insulating layer is selected from the group consisting of ProsCrosMoQOs Nb20Os, TiO;,
TaOs, and NiO.

49. The method according to claim 43, further comprising planarizing

said resistance variable insulating layer prior to forming said second electrode.
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sputtering, or chem cal vapor deposition. 48. The
nmet hod according to claim43, wherein said resistance

wo a007api9e3 | nsul ati ng |ayer is selected from t heRCHUS2006/031345
consi sting of Pro.7Cro.3Mqg 3,Nb Gs, TiO, TaGCs, and
Ni O 49. The nethod according to claim43, further
conprising planarizing said resistance variabl e
in atin feh Gk ' 0 = T<Toto fait o
el zacﬁf r odegé%)&hﬁar?gtf?lg%mg% Igr%?ﬂnqrg%l%ﬁ%lgtﬁm y gﬁéor%%c%@pnsmg.
the nmethod conmprising: formng a dielectric |ayer over
a feubitg adieledide tiyey oserf a sylpstegdeni ng within said
dielectric layer; widening a portion of said first
opening within said dielectric |layer to forma second
operming a g epeninggwithivsaid cieleetriedares al t hr ough t he
first and second openings; rotating the substrate
whi | e depositing {he conductive nmaterial, the,
C GHAGEE A DREHQT P35 HTEiRE PRGN P dligleaicdagpigiodgrm a
dj rect.ion, such that the conductive material forns a

SECONHAREMPRe structure on the substrate, the cone-like

structure being a first electrode; formng a

BRI O Bl Bt vl Sy RS

resi stance variable insulating |layer. 51. The nethod

oG e P SR T (YRGS MO CrRREE M AEATR IR | @
condfi&$REMatdral Rthd QepSsitelaR & RhglkRBgRdOSké @R, such that the

conductive material forms a cone-like structure on the substrate, the cone-like

structure being a first electrode;

forming a resistance variable insulating layer in the first and second

openings; and
forming a second electrode over resistance variable insulating layer.

51. The method according to claim 50, wherein the conductive material
is deposited at an angle less than 75 degrees with respect to the top surface of the -
substrate.

52. The method according to claim 50, wherein said first electrode is
formed from a material selected from the group consisting of platinum, titanium,
gold, and SrRuQs.

53. The method according to claim 50, wherein said resistance variable

insulating layer is formed from doped or undoped BaTiOs, SrTiOs or SrZrQs.
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52. The nethod according to claim50, wherein said
first electrode is forned froma material sel ected

WO e@miotee3 gr oup consi sting of platinum titani POT/US0E031345
and SrRug 3. 53. The net hod according to clai m50,
wherein said resistance variable insulating |ayer is
forned fron1doped or undoped BaTiq 3, SrTiq 3or Srqu

oot ancuhetiiod 6K iEl dat &y Srei Bk SaGRcE variable

pulsed | aser deposition, physical vapor deposition,
insula@n l er RforMledBieptilcad lasapdepetion, physical ¥apor Heposition,
nmet according to cl ai m 50, V\,her ein said resistance
varlable |nsulat|n%k@ayer is selected fromthe group
sputtegngi &t fhegugl apsr MBOOND- Os, Tiq 2, TaGs, and N Q
56. The method according to claim50, further
COMgayf i Si n@h?hﬁ‘e@%d éb&ﬂdﬁg & A& 56, %H&eﬁ?édﬁ%hﬁstance variable
insulating layer prror t& formng said secon

el ectrode.
insulating layer is selected from the group consisting of ProsCrosMoQs, Nb20s, TiOz,

TaOs, and NiO.
56. The method according to claim 50, further comprising planarizing

said resistance variable insulating layer prior to forming said second electrode.
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