WO 2007/ 021913 PCT/ US2006/ 031345 REPRODUCI BLE RESI STANCE VARI ABLE | NSULATI NG
MEMORY  DEVI GBS 00 iNRAYETHODS FOR FORM NG SAME FI ELD OF THE_| NVENTI ON | 0001]
The invention reI ates to the field of random access mam)rfc(T 06/03EX47 ces
formed using a resistance variable material, and in particular to an

| mproved structure for, and a nethod of manufacturing, a resistance variable

) RO ARSIl YA AR
Vari abl e wemory ool | is a AN ML EOK PORMIENG Bante [ oi Stor “can be
programed to have high rg;iféance.or Iom/resistapcengi?ifg?éféahgngfnnry
ircuite) The different res MAPOEIFIIKERIION i ot ance vari abl o
menory cel | represent t he infornation stored in the resistance variable
il i ty of i cur RSBy ERAbAEReIEE! ARdrEHE siiayiRan
char act et s{jigicl drifed IR %&@{stanc@ggngﬁfe AR a@gﬁr%@@%ﬁg@gy st at es.

[0003] FIG owWs a cros sec onven ari abl e

d
resi stor, | oBaPHT AR A and 3 chéfol IRl aﬁ%&%‘?arﬁm shERFREE, ot on)
102 in subgﬁﬁr 15, %f net Plurality of P+ regions 104 and N+ regions 106,

wher ei n wor and P+ region 104 constitute a diode. A dielectric
| ayer 114 is fornmed over substrate 100. A plurality of menory units 107 are

set in dielectric layer 114ACKGROUND OF THE INVENTION

[0002]  Resistance variable memory is a RAM that has electrical resistance
characteﬁstics that can be changed by external inﬂuehces. The basic component of a
resistance variable memory cell is a variable 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.1showsa cross—sectlon of a conventional resistance variable
memory device. This re31stance vanable memory device is a Type GRAD (one
resistor, one diode) memory dev1ce It mcludes a word line (N type region) 102 in
substrate 100, a plurality of P+ reglons 104 and N+ reglons 106, wherein word line
102 and P+ region 104 constitute a diode. A dielectric layer 114 is formed over
substrate 100. A plurality of ﬁemory umits 107 are set in dielectric layer 114,

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



wherein each nmenory unit 107 includes a flat plate bottomelectrode 108, a
flat plate WOWRDOW 021913 PCT/ US2000/ 031345 top el ect rpgpuddsniasd a
resistive film 112, which nmay be fornmed of one or nore _|layers, between the
flat plate bottom el ectrode 108 and the flat plate top electrode 110. Word
line contact via 116 is forned in dielectric layer 114. One end of word

end i 5 el P P 1B AERUEHERY EREIRCPRAR e B N R ol of
i oxt or iy oy PeifheniRe PO pIdR OB iolifiue {0 ST % SELbiocIRaliEs!

the. momor y JREovEDsfnp SRR R Al RNEI AR MLl PO AN Eort 0™

fovi oo 111 o SorsBRiE E145 ARy Byl BP0 G kBeftin AP 1 RBL BAF1Q,, oY
Cubstrat e 00 RisreY cofptRPld Ahbnditindling i) G Gt et CERebib e, 0!
cont act vi ot Sy S8R Bne 10X Cal LR b AR SR B ot om

el ectrode ZﬁértPérnﬂJ) ;ggréisea bitRire! 198 HRAED 85%%1@1@&1& 152%‘{—?,” £6% eldctiai}0;

whi ch nay be or e one or nore naterial Tayers, menory unit is set
on the surf &stelfing willPRRFElbir6adit10 6o ekl Pusiltiget ur e 212 and N+ regi ons
202 and 204 constitute a” transistor. Contact ‘vias 214 and 216 are
electrically connected to the gate structure 212 and the comon |ine 204,

respectively, so[bhft t MesqBhe hitlk UF & codvertlthal PesistaARTALiANIB B RRAryC

an
connect with the external circuits.” Furthernore, there is a bit I|ine“218

fornmed on die¥iesis'd Typ@YRIT otk Feistdy cﬁfetﬂiéﬁsa.étbig BeRte§idediceillibtrated ih IFEG.

plate top electrode 208 of the nmenory unit 20
2. This device includes a plurality of N+ regions 202 and 204 in substrate 200. A

dielectric layer 220 is formed over substrate 200. Dielectric layer 220 includes a
plurality of memory units 207, a plurality of gate structures (word lines) 212 and a -
plurality of contact vias 214 and 216. Each memory unit includes a flat plate bottom
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 cénnect 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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[ 0005] Unfortunately, the nmetal -insulator-netal (MM structure with a

resistive fylogmegioiegul ting oxi de sandw ched between two f e
el ectrode plates as disclosed in FIGS.1 and 2 does not prdéﬂimsg&iﬁ?oéb#é and

reproduci ble sw tching and does not provide nmenory properties in a
controll ed manner, as the 2 WD 2007/021913 PCTI US2006/ 031345 conducti on
path between the el enents can occur anywhere in the resistive filmor

i nsul at i ng cordluetidrepakheretwieen theelements carvacalr eoydetsin theaesistive filmarnd
unpr edi ct abl e conduction path between the elenents is believed to be created
by randomingvdatimg oxidiedreiween the toptargd bettomreledieodespdberandem and [ 0006]

There is needed, therefore, an alternative apparatus for inproving and

cont r ol | i ngnpedictabdieicondurctioatpath between theelemenisishelieved to heereatedrhye
variable nmenory device to formlarge arrays of nmenpry devices based on the
r esi st ance rardemaemdgnpredicialla siefeasriteringbrderesited il | NVENTI ON [ 0007] The
present invention relates to the use of a shaped bottom electrode in a

resi stance variabl e menory device. The shaped bottom el ectrode  ensures that
the thickness ofi0806¢ i nkhérgads needask dhergforgian pléernapveapparatphiordmpreviagt r ode
Is thinnest, therefore creatjin est electric field at the tip of the

the | ar ] )
bot t om el e@hdsgatrotieg greeﬂqndwgoammb@ eancthe elaciiogdgs in a pesistapcevariailes t he

|l ocal electric field. The ayrangenent of el ec(%ar odeg ar&j tla_g%structure of
t he nmenory MeneReAevige ke tomm lasea armay e of memqrxidevicss 98839 on theyresistaeen

stabl e, consi,stent and re(g)roduci ble switching and nenory properties in the
menory dev?lé’ét.Ci‘FEﬁ) e onal advant ages and features of the present
invention will be apparent fromthe follow ng detail ed description and

draw ngs which i11ustrat ey ciyMMARY OF THE INVENTION

[0007]  The present invention relates to the use of a shaped bottom
electrode in a resistance variable memory device. The shaped bottom electrode
ensures that the thickness of the insplating 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.



preferred enbodi nents of the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0009] FI Gyvobostoyssza cross-section of a conventional regcsghiaagosapgiom
access nmenory device. 3 WO 2007/021913 PCT/ US2006/ 031345 [0010] FIG 2

shows a cross-section of another conventional resistance random access
menory device. [0011] FIG 3 illustrates a partial cross-section of a nmenory

device in acco e wth an exempl ary enbodi nent of the sent i nvention.
[0012] FIG 4 i Qqﬁgf &@& P\fsiaafoéfr' 5‘602 %fcoa‘fﬁ%&lﬂjra% SRREe | n

accordance with an second ex n{l)l ary enbodi nent of the present invention.
[0013] FI GFaIG aGesss JRFVOLY BEYEFal cross-section of a nenory device in
accordance with a third exenplary enbodi nent of the present invention.

[0014] FIG 6 i k)d r at ross secti o Vi ew .0 sem conduct ot waf er

under goi ng t he d(ﬁia l@i‘ %d tr‘i%t ﬁa%r}frﬂwefgoﬁeg&lﬂ?mw geﬁlﬁeé‘}errpl ary

enbodi nent _of ent inventi 001 G 7 illustrates the

sem conduc?ﬁqorg?n 5163'“5\? elf"% L‘é{tbﬁ}i’é eI ULV t 5 t hat shown

in FIG 6. [0016] ' FIG 8|IIustratesthe semconductor of FIG 6 at a
FIG 9

I TSt rat b ¢ ho LAY cortiot A UGB o FRrafdro-sePiin g adaelbry frgbelt ng

com conaucrbriafte RIAY ddbohu Beeipliytithodibions b the RHBLAGRERRHAE |

shown in FIG 9.
[0013]  FIG. 5illustrates a partial cross-section of a memory device in

accordance with a third exemplary embodiment of the present invention.

[0014]  FIG. 6 illustrates a cross-sectional view of a semiconductor wafer
undergoing the process of forming a memory device according to an exemplary

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. 9illustrates 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.



[0019] FIG 11 illustrates the sem conductor wafer of FIG 6 at a stage of
processi ng subsequent to that shown in FIG 10. 4 WO 2007/021913

PCT/ OSZOOG/WéfQﬁ 21810201 FIG 12 illustrates a cross-secti RN %BIHdF a
sem conduct or wafer undergoing a second process for formng a nenory device
according to an exenplary enbodi mrent of the present invention. [0021] FIG
13 illustrates the sem conductor of FIG 12 at a stage of processing

subsequent to thpg026howFIQ) 1Blifustidtes & 0fb38Isettidhal Yew lof dsefré@fdifetor wafer
cross-sectional view of a sem conductor wafer undergoing the process of

form ng a manrdesgoiry beecaud probergfdrdornirgemenadty deritosiasedingdd aa second
enbodi nent of t?}ge present i %vent ion. [0023] FI Gny15 I 1lustrat gs t he

sen conduct @xemgla'fy@mﬁdﬂiﬁtem&ﬂa@pre@éntinvmms,i ng subsequent to that shown
in FIG 14. [0024] FIG 16 illustrates the sem conductor of FIG 14 at a
stage of processing subsequent to that shown in FIG 15. [0025] FIG 17

illustrates a pr{0fedbor -Figk 4 iHystiates tiewend candmdtor yf FED.€idestta stagedd
according to the present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

[0026] | n t peodessingwiibgediairaitb tlhhtdhsom intRIGh12r ef erence is made to the
acconpanyi ng draw ngs, ich forma part hereof and show by way of
Illustration specific enbodinents in which the invention may be practiced.
These enbodi nment §002at e dEI€E rldhiBdstratesatfdssisectiordd tvaew of @ sendtdreludbmswafer
skilled in the art to practice the invention, and it is to be understood
t hat ot her entdexgoiegtle paycebeofforiniugd memdry demire atcarding @i an &egaplaty and
el ectrical changes nmay be nade w t hout departing from

embodiment of a second embodiment of the present invention.

[0023]  FIG. 15 illustrates the semiconductor of FIG. 14 at a stage 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



the spirit and scope of the present invention. The progression of processing
steps described is exenplary of enbodi nents of the invention; however, the
sequence of WG2AH0298%/ 021913 PCT/ US2006/ 031345 steps i s RET/USRHPAEAY o
that set forth herein and may be changed as is known in the art, with the
exception of steps necessarily occurring in a certain order. [0027] The term
"substrate" used in the follow ng description may include any supporting
structure i ngtepglisypt lanited b thatset fodtt hereih Mdgidyche eerp¥daas is kRAGWaARAHE!T O
or other substrate that has an exposed substrate surface. A sem conductor
substrat e shatt] withetheededticroof steps nedesieily oktn@ing i d éarain@neder. nsul at or
(SA), silicon-on-sapphire (SOS), doped and undoped sem conductors,

epitaxial |ayers of silicon supported by a base sem conductor foundati on,
and other semi cof@daZ} or Thattermdisubsiratet used in Wecfollosfing eleseriptionnde to a
sem conductor substrate or wafer in the foll ow ng description, previous
process st epindede dawsuppeeingutivdtaedntlading, ut ept tinstat tg, apdastanseramior

over the base sem conductor or foundation. [0028] The invention will now be
expl ai ned wi sdmicehduetoecort ethehsubsteate tat hasah@rpobddisibisttate sxxfaqd. aky

enbodi nents and where |ike reference nunbers indicate |ike features. [0029]
A nenory devsanicdfiduetor substnatetshoald berhndénstoud tf inthele silieot, isditonian-
schematically illustrated in FIG 3. The device 301 includes a shaped bottom

el ectrode 30Bsubatoo(SQ)ailicordendapphire (@5 doped ahdyerd djfed, searidorduasisst ance

variable insulating material 312 between the shaped bottom el ectrode 308

and the top epitedallogers3fGilidon suppoetedrbycalbaserediinenduddr foundativenand otherhe

resi stance variable insulating material 312 is forned from

r esi st ance- r semiconduictomramnaterial sirectutesadVhen reference is made to a semiconductor
substrate or wafer in the following description, previous process steps may have |
been utilized to form regions or junctions in or over the base semiconductor or

foundation.

[0028]  The invention will now be explained with reference to the figures,
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 (i.e.,

P ro;?Cao,sMn03t); oxidation films having Perovskite structure, such as, for example,
- doped or undoped BaTiOs, 5rTiOs 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 shaped bottom electrode 308 and the top electrode 310
6 .



col ossal magnet resistive thin filns, such as, for exanple a PCMO thin film
(i.e., Pro C@o.g,l\/hCB ); oxidation filnms having Perovskite structure, such
as, for exam79 V048ed” or undoped BaTi 08, SrTi O3 or Srzr GETE$2000{038385dat i on
filmsuch as, for exanple, Nb205, Ti2, TaGCs, and NNO Preferably the

resi stance variable insulating material 312 is SrTi 3. The shaped bottom

el ectrode 308 and the top electrode 310 6 WO 2007/021913 PCT/ US2006/ 031345

may be for mathyfieiormedetemn Stebal3tich e forsainple, pRltialind itaniurh dbicdld, @ gol d,
or other suitable materials such as, for exanple, SrRuGCa. [0030] Reference

i s now nadeottter lidtablé mibefialsiich =8 forleRample, BIRUOR and illustrates a nenory
devi ce 303 where the resistance variable insulating material 312 has been
pl anari zed before the top el ectrode 310 has been fornmed over the substrate

300. [0031] Refef0880k | NRefegnv@itendw ndde toFIG-ULCFIG. 4 i siinifak 86 FIG. Frddb. 3
and 4 and illustrates a nenory device 304 according to a third enbodi nent

of the presihistratesvemeimorywteie 303ewhertettheresistan ceovkriile insuldingedtaidr a
conductive plug 322. As discussed above with FIG "3, resistance variable

i nsul ati ng 812 kad bden3dlanhrizedbefore fetopralestabdec1Ontmstbeen fommed over hde 310
has been forned over the substrate 300. It should be understood that the
resi st ance wabstehé 800.nsul ating material 312 may sinply deposited and then
have the top el ectrode 310 formed over the resistance variable insulating
material 312, as discussed above with reference to FIG 3. [0032] FIGS. 6-11
depi ct the formaf008h] of Referemeeis yowtanddetodG. 5adtGr blisaimilar smFES Boiral 4
embodi ment of the invention. No particular order is required for any of the
acti ons desend blubtradessd memesugyegevicod04 dncerding ¢o edhird enabpdiniend of thespresend t s
of prior actions. Accordingly, while the actions bel ow are described as
invention where the bottom electrode 308 is formed over a conductive plug 322. As
discussed above with FIG. 3, resistance variable insulating material 312 has been
planarized before the top electrode 310 has been formed over the substrate 300. It
should be understood that the resistance variable insulating material 312 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



being perfornmed in a general order, the order is exenplary only and can be
altered if desired. [0033] FIG 6 illustrates a dielectric |layer 314 forned

over the swWis200awE918300. The dielectric |layer 314 may be pOr/oRmhobys1sdzy known
depositi on nethods, such as sputtering by chem cal vapor deposition (CVD),
pl asma enhanced CVD (PECVD) or physical vapor deposition (PVD). The
dielectric Iayer 314 maybe 7 WO 2007/ 021913 PCT/ US2006/ 031345 forned of a

i tri de (BRI Of &oRTeR Sy ips e ah SR St e ron SRR i b0z 4) A
Zanilck)g?ﬁﬁn{? da%gﬁiwﬁlﬁwémﬁ c&@f%ﬁ%éméﬁ | ;ar{;wég fe-g'l'a', “ﬁ%&é‘b:‘?, )
could instead be any other suitable material such as, for exanple, a neta
f‘gye?pﬁﬂ”gnﬁlﬁﬁﬁﬁ?,‘iéﬂ%@ﬂ %ﬁiﬁsfﬁﬁr?%é%tveﬁa% %mfecﬁrﬁé%j%r 3Bt et hods 1 n
the art. fqfugx Y00 203k ARl SIo P RRA RURRLOS P 10GRSS
e S S AR
t he openi ngcoglié%fi?m%% ﬁ%rsﬁgﬁ € aac%@ﬁ?@%‘ 1&6\,&){3@ t%gl tric
LEZﬁI é’féi@%@@ééﬁ Blerding 0458 S 9{39@4‘505%1%35@?85%5%%5‘1%%% AhABtlgn
et oh pr ocedtedit 5BLeIeReniBE FLE PR R Rb S dpoo B SR BTG ST, Oy
hrough t he GRULe nbépggwér%%@égﬁ%%ﬁgQ%E %E"mﬁ E%%f%?a%fa con@W

shaped bot tAM;ekGHLLEF a UM B3N process to have substantially vertical sidewalls.

[0035]  Asshown in FIG. 7, a portion of the opening 313 is widened to
form an opening 315 within the dielectric layer 314. The opening 315 extends under
the mask 316, such that the opening 313 through the mask 316 is smaller than the
opening 315 through the dielectric layer 314. Preferably, the 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, SrRuQOs. 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



conductive |layer 341 over the mask 316. The shaped bottom el ectrode 308 may
conpri se an jve material, for exanple, platinum tj I.um or _gol d,
or ot her sﬁﬁ%@ﬂgﬁ%terials such as, for exanple, Srmm.ﬁélﬂﬂézg%@% ive
material is deposited by a physical vapor deposition (PVD) process, such as
evaporation or collimted sputtering, but any suitable technique may be
used. As indicated by arrow 351, the substrate 300 is rotated during

deposi ti on akith hespeontiubiitop susfaee bithe substtate 30abtilytheaonididtivatrededial canr ows
350, the conductive material is deposited in a single direction.

Preferably, ao dépositedrat Bh@nglhe diapprexanately 7 degreesifrdesired50, t he
conductive material is deposited at an angle |l ess than approximtely 75
degrees 8 WD 2007/ 021913 PCT/ US2006/ 031345 w th respect to the top surface
of the substrate [888Y] buBy fommingrthechaped battemi electvede 368 ssingedED tprdeess, an
angl e of approximtely 75 degrees if desired. [0037] By formng the shaped
bot t om el ectthedeaB9er gapsithah orvDy when en #Jectiode is famedin eponvastiomdcur when
an electrode is forned in the conventional chenm cal vapor deposition (CVD)
pl ug proces s:hemicd:ie'aponddpdsitideNiD)r;dugpro@dBcambpaybhgd. ndditioablly dNB t o
have a snoot her surface than CVD deposited material. Accordingly the shaped
bot t om el ectdepdeitadaatenjaltends to bavma kmootherfsurface Han C¥bhdepnsitedahaterial.

el ectrodes. AOOSS] The conductive |ayer 341 and the mask 316 are renoved, as
i |1 ustr at ed Aecordisglyothemhiaped hotipmn af;c@nde Behothydyaves smaptheyiserface thainque.
For exanple, a chem cal nechanical polish (CW) step can be conducted or a
sol vent | i feonwventignal elessrofes. be used according to known techni ques. [0039]
Referring to FIG 10, a resistance variable insulating material |ayer 312

is formed within the openjng 315 and surroundj ng the shaped bottom el ectrode
[0038] P The (‘:c]on uctﬁie layer 341 and thge mask 316 arl)re removed, as

illustrated in FIG. 9. This can be accomplished by any suitable technique. For
example, a chemical mechanical polish (CMP) step can be conducted or a solvent

lift-off process may be used according to known techniques.

[0039]  Referring to FIG. 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., Pro.7Cag 3MnQ;); 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, TiO2, 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



308. The resistance variable insulating material layer 312 is formed from

resi stance-woenarsiogte materi al s such as col ossal nmagnet pesiusbiodssizid N
films, such as, for exanple a PCMO thin film(i.e., Pro.7Cao. 3MX3);

oxidation filnms having Perovskite structure, such as, for exanple, doped or
undoped BaTi Gs, SrTi8 or SrZr(G3; or an oxidation fil msuch as, for

exarrpl e, Nb20s, Ti Q2, i O. Preferab t he tance, vari abl e
i nsul ating F!%FPBFIF%LPI‘X f;CF’%Can"ﬁoﬁguC&ﬁ%nraé%& % aVH’rl?' U, Sitangpmyer
material 312 for med uch as, f arrpl e, pulsed |aser
deposi tion 6 “é%btét eﬁ‘gf %’r‘f‘@? Bﬁﬁﬁleflﬁg?gﬁ;i ng to FIG 11, a
second eIectrode 310 |s f or med over the resistance variable insulating
E‘é%?ih%'zo'o‘é‘/y 0313841 o oo P Cr oL as Feps Chm R 73 SIS, for
exanpl e, tlnu t|ta m or oId her sui t.abl, terlals such as,
for ex arrpl e elegfrieq 834 gﬁfl?@ﬁﬁﬁ’og %X%‘g%‘f%ﬂrcé{lépfga TLFMPE L
carried out to electrlcally coupl e the nenDry device 301 to varlous
circuits of a ne arr Fl GS. 13|I yustr exenpl ary
embodi ment f or f@#]n @Sné%%‘ﬂeﬁ%ﬁ{w 1 eX0p Vﬁ&laqoéi'ﬁ\’?ﬁc? Fm“@
The enbodi at e r 1
Fls. 611, HEmERIOH A B v n b RS elpotRnf IRt o
[0043] As s S
appl i ed oveiraﬁﬁélznlcéﬁls Q%‘“%Vé’a“‘gﬁﬁes%ggr}%@ﬁgt ?Oeg(%eﬁt gp‘el%‘{ %ﬁogéé)%&lﬁg
extending t formed in the dielectric |ayer 314 and
mask 316. 81354@&1'2@(?%%%33%&??0% el ectrode 308 can be fornmed as descri bed
above in connectlon with FIG 8. A conductive material is deposited over
the mask 316 [0043]  Asshown in FIG. 12, a mask 316, which may be a photoresist mask,

is applied over dielectric layer 314 and substrate 300. An opening 313 extending to

the substrate 300 is formed in the dielectric layer 314 and mask 316.

[0044]  The shaped bottom electrode 308 can be formed 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.
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and through the opening 313 onto the substrate 300 to formthe shaped bottom
el ect rode 3@ momh2a916onducti ve | ayer 341 over the mask 3l@casusbdousimat ed 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.

merial s EZpiim 2 (FIgE. %Sfefqpé%&?ﬁqﬁw o %ﬁﬁ’é’rﬁtﬁ%ﬂé@%séﬁ es vi th
mat or | al ;ﬁa%c%vrg%io‘ségé‘foe e%apﬁ:%ﬁaﬁ 0 gq‘haﬁgm ; g‘i@d?@ lipbigteses.
0045] T 301,

Fof erence.t SnPRGEY T5VicE iR fnsfraeoar a5 sccotd e it eR TR b baen
out to el e;l rjfgally coupl e the nmenory device 301 to various circuits of a

menory arra WO 2007/ 021913 PCT/ US2006/ 031345 [0046] FIGS. 14-16 depict
the formati on of the nenory device 303 according to a second exenpl ary

o1 ocessed as set PUPN aboateh s Gridbickiel (O ERnlF B e RRHEHANE", o5,
material | 'ylﬁe%lﬁ%%é‘@a"fg PP TR SRR (ESLRERRE Bt RR e MG, 18 Bk
ayer 8‘33 aeqds P30 R b AR RIS IR Rl R L%
el ectrode 3} ustifted X GSf6. AB¥etd tdio'o%' sEQIHH CleL¥6aE B  F il COIIIl ise
]tcaxarrpl e, }ol atrnum ahi umor go ﬁf\ er SU|€ Eﬁf mat er| s@{:?'nd
o efect i clVy s ’59?‘??"“6“3’%%& SO R g e i 5
other suitable materials such as, for example, SrRuOs. Conventional processing
steps can then be carried out to electrically couple the memory device 301 to various

circuits of a memory 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



circuits of a nenory array. [0048] The enbodi nents descri bed above refer to
t he format mop2mbopwky a few possible resistance vari abl epaeszoge/aiiessent
structures (e.g., resistance variable nenory devices) in accordance with
the invention, which nay be part of a nmenory array. It nust be understood,
however, that the invention contenplates the formati on of other nenory

rerory ar raj BT R (48 FmbiA bR cHUL LR SR RIa AT T °
R L AT
e.g., elements and/ or : :

tgggﬁggat syst eW’gQLZ??\ﬁ@égi%%éﬁé%O@éﬂt@ﬁﬁ?%fﬁ%@ e %"%ﬁp%%%y”“m e
argitar 1 ogRieiEbPAERER! et ke SLAREY JREEE et o SR Tt RGO, cc
115 2o R MRS S oD e
ik okl e e e A S T S
the bus 7o RERGISFA PRRe ignoly LRI B TEHERBRED alald A0 DG
I e e e A A
g???h?ted W s ERGIPHRESSI cirb@f. exanple CPU 744, in a single integrated

[0051]  While the invention has been described in detail in connection with
exemplary embodiments known at the time, it should be readily understood that |
the invention is not limited to such disclosed embodiments. Rather, the invention
can be modified 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.
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[ 0051] While the invention has been described in detail in connection with
exenpl ary enbodi nents known at the tinme, it should be readily understood
that the invention is not Iimted to such disclosed enbodi nents. Rather,
the invention can be nodified to incorporate any nunber of variations,
alterations, substitutions or equivalent arrangenents not heretofore

descri bed, but which are cormmensurate wth the spirit and scope of the

i nvention. Accordingly, the invention is not to be seen as |imted by the
foregoi ng description, but is only limted by the scope of the appended
claims. 12 CLAIMS 1. A nenory el enenCIcAiMi®i si ng: a substrate; a dielectric
| ayer over and in direct contact with the substrate; a first el ectrode
formed over said substrate and substantially within an opening in said
dielectric |ayer, ' first electrode being larger than a
second end of y‘t he gix{xésx{xﬁlee%tq?ng %@Bgmé cond el ectrode; and a resistance

vari abl e i nsul ati ngsubayeate; bet ween said first and second electrodes and in
sai d openi ng, wherein sajd resistance variable insulating |ayer is an oxide
layer. 2. The menot ficlcBirdayerayenan ingireet @P@FW@M@?@%‘??S& d first

el ectrode has a c i I : ' to claim
1, wherein said fi?gfﬂgeg@(t@%@gﬁﬂgvegg?g& esgagér/%rﬁiqsﬁﬁ%t%agﬁgﬁ@g%g?sti ng of
plati num titafning ingailddieladtlc Syt @irstdend D chenfirsnelyctride einlg largeothan ag t o

claim3, wherein said first electrode is
second end of the first electrode;

a second electrode; and
a resistance variable insulating layer between said first and second
electrodes and in said opening, wherein said resistance variable insulating layer is

an oxide layer.

2. The memory element according to claim 1, wherein said first electrode has

a cone-like shape.

3. The memory element according to claim 1, wherein said first electrode is

selected from the group consisting of platinum, titanium, gold, and SrRuOs.

4. The memory element according to claim 3, wherein said first electrode is
SrRuOs.
5. The memory element according to claim 1, wherein said second electrode

is selected from the group consisting of platinum, titanium, gold, and SrRuOs.
6. The memory element according to claim 1, wherein said resistance

variable insulating layer is selected from the group consisting of PCMO thin films,

Perovskite structures and oxidation films.

7. The memory element according to claim 6, wherein said resistance

13



SrRuG3. 5. The nenory el enent according to claim1l1l, wherein said second
electrode is selected fromthe group consisting of platinum titanium
gold, and SrRu03. 6. The nenory el enent according to claim1l1, wherein said
resi stance variable insulating |layer is selected fromthe group consisting
of PCMO thin films, Perovskite structures and oxidation filns. 7. The
menory el ement according to claim6, wherein said resistance 13 variable
insulating layer is selected fromthe group consisting of Pro.7Cao. 3Mh(C3,

Nb206, Ti 2, Ta and Ni 8.. The ry, el ement accordi o.,Glaimi1l,
wherei n sai d 7egRls Bdabhetay s Ao RE HPtS s MR ep G A B G B ped

BaTi O3, SrTi Cﬁlbﬁbs,sﬁ@{,%@?andmi@.”emry el ement according to claim1,
wherein said nenory el'ement 1is a resistance variable nenory device. 10. The

menory el ement according to claim1, wherein the resistance variable

i nsul ating Iaéer b;%éween saile fi{:St ﬁfd second, el ect.rodgs i.%%rr)l anarized. 11.
The menory el 8ment |48 BEFATAh§lemsnEoqPiing foglaimet, Wvherein sad sesSaiCE et r ode i s
formed on thevéﬁﬁn‘léh@ﬁlﬁﬁn%’&%ﬁ%@ éc{b’%_‘ﬂnﬁ&f)é&l%éﬁ&)?!&ﬂ@; or'figr@EnOry el ement
according to claim1, furtheér COTT%I‘I sing a conductive plug fornmed between
said substrate and said first electrode. 13. A processor system

conprising: a_processor; and a nmenory device for conmunicatin ith said
processor, safd ne ?glen}fé}&p@glegb?ﬁgpfl@pgn@ %‘M}Vreéf‘é%mﬁm%gﬁgmeﬂ ng: a

substrate; is a resistance variable memory device.

10.  The memory element according to claim 1, wherein the resistance variable

insulating layer between said first and second electrodes is planarized.

11.  The memory element according to claim 1, wherein the second electrode is

formed on the resistance variable insulating layer.

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

conductive plug formed between said substrate and said first electrode.

13. A processor system, comprising:
a processor; and
a memory device for communicating with said processor, said memory
device comprising a memory element, comprising:
a substrate;
a dielectric layer in direct contact with said substrate;
a first electrode formed over said substrate and within an opening
in said dielectric layer, a first end of the first electrode being larger than a
second end of the first electrode;
a second electrode; and
a resistance variable insulating layer between said first and second

electrodes and in said opening, wherein said resistance variable insulating

14



a dielectric layer in direct contact wwth said substrate; a first electrode
formed over said substrate and within an opening in said dielectric |ayer,
a first end of the first electrode being |larger than a second end of the
first electrode; a second el ectrode; and a resistance variable insulating

| ayer between said first and second electrodes and in said opening, wherein
said resistance variable insulating 14 layer is an oxide |ayer, and wherein
sai d second end of the first electrode is oriented closer to said second

el ectrode than is ga@.h]disfahro%%d,eqéﬁrpindt\ﬂ?eréihrs?ih se€In@&hl {F 6y ﬂrﬂ%el@%d@’isocessor

system according to"claim ereln sal Irst electrode as a cone-like
shape. 15. The proodssed cloystteidcemnd ickgtrode thhmisnsaldfirstvrel efithe St d fir st

el ectrode is selected fromthe group consisting of platinum titanium

gol d, and SrRuC3. glsctradse processor system according to claim15, wherein
said first electrode is SrRuG3, 17. The processor systemaccording to claim
13, wherein said second electrode is selected fromthe group consisting of
pl ati num tit auhi unlhgptadessanglysteni ReoBlind & cldibel Rwieeds edid Siysttebiztradeor di ng to
claim 13, wherein said resistance variable insulating |layer is doped or
undoped BaTi OBas apopedikeshaps: zr 03.  19. The processor system according to
claim 13, wherein said resistance variable insulating |ayer is selected
fromthe group consisting of Pro.7Cao, 3VnG3, Nb2Ch, Ti 2, TaGs, and N O

15.  The processor system according to claim 13, wherein said first electrode is

selected from the group consisting of platinum, titanium, gold, and SrRuOs.

16.  The processor system according to claim 15, wherein said first electrode is

SrRuOs.

17.  The processor system according to claim 13, wherein said second
electrode is selected from the group consisting of platinum, titanium, gold, and

SrRuO;.

18.  The processor system according to claim 13, wherein said resistance

variable insulating layer is doped or undoped BaTiO;, StTiOs or SrZrO;.

19.  The processor system according to claim 13, wherein said resistance
variable insulating layer is selected from the group consisting of Pry7Cag3MnOs,

Nb,0s, TiO;, TaOs, and NiO.

20.  The processor system according to claim 13, wherein said memory

element is a resistance variable memory element.

21.  The memory element according to claim 1, wherein said second end of the
first electrode is oriented closer to said second electrode than is said first end of

the first electrode.
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20. The processor system according to claim 13, wherein said nmenory el enent
is a resistance variable nenory elenent. 21. The nenory el enent according to
claim1l1l, wherein said second end of the first electrode is oriented cl oser
to said second electrode than is said first end of the first electrode. 15
22. A nenory el enent conprising: a substrate; a dielectric |ayer over and
in direct contact wwth the substrate; a first physical vapor deposition
formed el ectrode fornmed over said substrate and substantially within an
opening in said dielectric layer, a first end of the first electrode being
| arger than a second end of the first electrode; a second el ectrode; and a
resi stance V2.i abAendémeylekimang cormpBsingget ween said first and second

el ectrodes and in s%}d opening. 23. The nenory el enent of claim 22, wherein
sai d resistance VAMPSB#& insulating layer is an oxide |ayer. 24. The menory

el ement of clai mg&iele\éﬂﬁ:rl%e{i‘ oS8t %12dfihrd ct%oﬁfﬁ%f@gﬁ%ﬂps%bﬁrsﬁ@ne' | i ke shape.

25. The nenory el enent of tclaim 22, erein said first el éctrode is selected
fromthe group comfitss physjcabfamulrdtposition formedelactrodgdbanedondr StiRUC3. 26. The

menory el ement of claim22,. erej n said second el ectrode i selected from
the group cof&sisds ﬁ’@‘? %TSBPQ?]X\{?\W D3N ORRNIGEHIN @%3 dielegifar aygs st eéé; of The
menory ele I 1 J i i .e insulating
| ayer is Srenla@% tﬁg% e?é ¢ gh}g% ﬁén%}’%g%ﬂé%n%fyg ??Jngﬁfo@%t ?%F% rlms,

a second electrode; and

a resistance variable insulating layer between said first and second

electrodes and in said opening.

23.  The memory element of claim 22, wherein said resistance variable

insulating layer is an oxide layer.

24.  The memory element of claim 22, wherein said first electrode has a cone-

like shape.

25.  The memory element of claim 22, wherein said first electrode is selected

from the group consisting of platinum, titanium, gold, and SrRuOs.

26.  The memory element of claim 22, wherein said second electrode is

selected from the group consisting of platinum, titanium, gold, and SrRuOs.

27.  The memory element of claim 22, wherein said resistance variable
insulating layer is selected from the group consisting of PCMO thin films,

Perovskite structures and oxidation films.

28.  The memory element of claim 27, wherein said resistance variable
insulating layer is selected from the group consisting of Pry;Cag3MnQOs, NbyOs,
TiOz, TaOS, and NiO.
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Perovskite structures and oxidation filnms. 28. The nenory el enment of claim
27, wherein said resistance variable insulating |ayer is selected fromthe
group consisting of Pro.7Cao. 3MhG33, Nb205, Ti02, TaGs, and NN O 16 29. The
menory el ement of claim 22, wherein said resistance variable insulating

| ayer i s doped or undoped BaTi G383, SrTiO3 or SrZr(Q3. 30. The nenory el enent
of claim?22, wherein said nenory elenent is a resistance variable nenory
device. 31. A nenory elenent conprising: a substrate; a first el ectrode
formed over said substrate; a second electrode; and a resistance variable
insul ating | ayer between said first and second electrodes, wherein said
resi stance vat9.abl €h¢ meuloay bhglehaoyfarlai'rrsZZ,@\rhnmdh srfid Bisita@Be varbde ei n sai d

first el ectrode has con ape wh in irst end of the first
el ectrode is gﬁﬁaP%$ﬁW' %8 Ogﬁﬁggﬂﬁbﬁgﬁﬁb?gﬁﬁéﬁéétrode and wherein
said first end of the first electrode is oriented closer to said second
electrode than is said second end of the first electrode, and wherein said

resi st ance vaB0.abl &ht¢ mearory slehmentiofrdaitn 22 mthacstin said mentoey eletrientis asur f ace of

the sides and the first ?nd of sgld first el ectrode. 17
resistance variable memory device.

31. A memory element comprising:

a substrate;

a first electrode formed over said substrate;

a second electrode; and

a resistance variable insulating layer between said first and second
electrodes, wherein said resistance variable insulating layer is formed of SrTiO;,

wherein said first electrode has a cone-like shape and wherein a first end
of the first electrode is smaller than a second end of the first electrode and wherein
said first end of the first electrode is oriented closer to said second electrode than
is said second end of the first electrode, and

wherein said resistance variable layer is in direct contact with the entire

surface of the sides and the first end of said first electrode.
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