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FI ELD [ 0001] Programrmabl e devi ces, including phase change nenory devices that
can be programmed by nodifying the state of a phase change material.
BACKGROUND [0002] Typi@#ESTUNBATERIAL IR CROAFAMMABLECPEMICH devi ces, include
physical nmenory, usually referred to as pggupnenory or random access nenory
(RAM. GCenerally, RAMis nenory that is available to conputer prograns and
read-only nmenory (ROM) is nmenory that is used, for exanple, to store prograns

that boot a conputer and_performdiagnostics, Typical [ i cations
i ncl ude dynam’fg&?]&ndom a%@%@mr%%@?;&(v iy '%5?53?%%%55‘10%@@ Gcﬁeg’t'rr%ersy
(SRAM) , er asahhgt p598EaITEBRIRmRAsk aridifyMRNbERt{ERRAMhasattthrejecttdmal | y
erasabl e programmabl e read-only nenory (EEPROM. [0003] Solid state nenory

devices typically enploy mcro-electronic mécui t elenments for each nenory
bit (e.g., one to four transistors perB’Ble)Gﬁl U'\H%rm'ry applications. Since one

or nore el ect (r)[ﬁghgjem rcu&g%igégﬁagai@rggwrEeigﬂbllm@e lfafé”d SAGL BN Y P.hg?icélhe'se

devices may c consi Al p estate” to store a bi

i nformation, wakgthli Bddslytiee:reenso by nedinanerony yr racidom adtesspnemary
"non-vol atile" nmenory el enent_ of these devices

, such as an EEPROM_typicall
enpl oy a fl oatRAYVyateeraraliv Pe’?\Méétm?fﬁ‘é’ﬁ‘éi@tb?a\ﬁ%\ﬁ%&tq HRAPPHISS Pf?gfﬁﬂ%%‘g g

re- progranmabi | it i.ch b ghs: r i fol & diopd f ect
transistor to @ﬁg&&k%&%@@f@fﬁ% hesrg%cﬁqé%sgsjéﬁé{d’g? %ééqrr@rpy devi ces are al so
relatively sl oydfarikasatboo] 064D Rbased phdoge drgnosiiceleVipies! ms@aphase
change materials, i

i.e., materials that can be electrical ,£.ch ween a
general |y anor phpligstigng ingugesyram'g rw%m%%,%w%}%@ﬂé%%%ﬁ.dg nory
appl i cation. Ope b GirnAkbls @avelnpakhyyEERRIYM),
Conver si on Devf& :%%@ﬁggrﬁorgggﬂwob%f%@%g@gbu“ lizes a phrgge charrz( e materi al
that can be, ianargeapphiicetdsable peigremmatie rgadantyonemdse(WeBRAMSt ruct ur al
state of generally anmorphous and generally crystalline |ocal order or between
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conpl etely anotP¥eds and . o
circuit elements for each memory bit (e.g., one to four transistors per bit) in

memory applications. Since one of more electronic circuit elements are
required for each memory bit, these devices may consume considerable chip
“real estate” 1o store a bit of information, which limits the density of a memory
chip. The primary "non-volatile” memory element of these devices, such as an
EEPROM, typically employ a floating gate field effect transistor device that has
limited re-programmability and which holds a charge on the gate of field effect
trans.istor to store each memory bit. These classes of memory devices are also

relatively slow o program.

[0004] Phase change memory devices use phase change materials, i.e.,
materials that can be electrically switched between a generally amorphous and
a generally crystalline state, for electronic memory application. One type of
memaory element originally developed by Energy Conversion Devices, Inc. of
Troy, Michigan utilizes a phase change material that can be, in one application,
electrically switched between a structural state of generally amorphous and
generally crystalline focal order or between different detectable states of locat

order across the entire spectrum between completely amorphous and



\\" O 2004/ 017438 PCT/ US2002/ 025997 conpletely crystalline states. Typi cal
materials suitable for such application include those utilizing various
chal cogeni de el enents. These electrical nenory devices typically do not
use field effect transistor devices as the nenory storage el enent Lubut
conprise, 'Y {"ﬂﬂmél‘%ct rical context, a nonolithic body %FTWﬁzﬂ“ZszHf

chai cogenide material. As a result, very little chip real estate is
required to store a bit of information, thereby providing for inherently
high density menory chips. The state change materials. are also truly
non-vol ati | e dompletedy cryst@hing staien diypivel matensissaltiblador sam appligstiahl i ne,

anor phous, or._seni-.anor phous st.at re ti a resistance val pe, that
value is ret dﬂﬂgg]eﬁfﬁ??? Uﬁ{i]zé%? géﬁlgﬁﬁghgggg?ﬁgﬁ %}grlnﬁg{sr eptese ?%tr‘ﬁaghysi cal
state of the HBERM dkvicesdypicaly ¥etnak LsBdieds cASBRAIRISYr deliis aphase change
menory materials represent a significant inprovenent in non-volatile
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and crystalliné sta over time the phase € eria

fail to reliragliyed epstgeandit odmfoonaiiombe @bgus ordhgaiof nretadthi Nighst at e.
Factors that contribute to these unfavorable characteristics include
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0006} Advant ages of the invent Lon will
becone appar E¥PIRPSNPEEASIHE ¥ ARSI EPIENR)? RovaicREatReliPe R #8H34iRISupon
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il lustrates asigniissnisieqirovamienpiranan-velatde wissnonf a portion of a
sem conduct or substrate having dielectric trenches forned therein defining
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memory devices is limited reprogrammable cycle life from/to an amorphous and
crystalline state. Further, over time the phase change material can fail to
reliably reprogram from/to an amorphous and a crystalline state. Factors that
coniribute to these unfavorabie characteristics inciude delamination of phiase
change materials due to stress of film depositions and heat, and intermixing of
phase change materials with adhesion materials. It would be desirable to
increase the programmable cycle life of the phase change memory material

and avoid the above-stated factors.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006} Advantages of the invention will become apparent upon reading
the following detailed description and upon reference to the drawings, in which:
Fig. 1 is a schematic diagram of an embodiment of an array of memory
elements;
Fig. 2 schematically illustrates a cross-sectional planar side view of a portion of
a semiconductor substrate having dielectric trenches formed therein defining a
z-direction thickness of a memory cell in accordance with one embodiment of

forming @ memory element on a substrate;



2 WD.2 004/0 1 7433 PCT/ US2002/ 025997 Fig. 3 depicts the structure of Fig.
2, through the sane cross-sectional view, after the introduction of
dopants to forman isolation device for a nenory elenent; Fig. 4 depicts

the structyy 3 after forming the trenches; Fid. pSpdeRinehSosy
schemati c tbﬁz\)”@ J‘%? the structure of Fig. 4, Fig. 6 dep:égts t he

structure of Fig. 4 after formng contacts; Fig. 7 depicts the structure of
Fig. 6, through the sane cross-secti onal view, after form ng a nasking

material and a dielectric materi al; g2 8 depicts the structure of Fig. 7,
t hrough t he s%\ge3csiem@5§6@t$if§ﬁ’éﬂfe\ﬂf§\m a&h&%#ghftaﬁrﬁaﬁ@e 8P SEHFEHPRR oW t he

dielectric; Fi f. i
cross-sect i o r\}ﬁg t%%‘ﬁﬁjowﬁo@rﬁaﬁ% ggn%é@ean&l:nsgiatt%r o%%)’k'l@#%g rﬁ%em e and
the diel ectrigeggp@sing the contact; Fig. 10 depicts the structure of Fig.

9, through the same cross-sectional eyw, , after. cgnformally formng a
spacer wit hi rfighd Qﬁ}%ﬁﬁsﬁaeéﬁwc%et%@ dﬁ@gﬂl{?rm’w € Y§NESi cts the

structure of FFFEQ X dmfs@egn%mah@uﬁﬁ%w%ﬂﬁé s%r‘%ﬁdr@%'ﬁ%'?w af ter etching

t he spacer; epi ct e sane cross-sectional w of the structure
of Fig. 11, afigers démicts thg smmgrramffbge‘imﬁeefqrmmg aob&cid;er and a

of Fig. 12 F:a feor ¢ %&p{séﬁh%.%&%sﬁ%r% G BniBEeil) i AR Toe 4 P S LA

conduct or; t R4 RSl RAOSTT sedibOngImateew: of the structure of
Fig. 13; Fi g. gq%#@ grﬁ %rre gross sectional view of the structure of

Fig. 14, afteFig fa)dapang;’awechtejcémerwfd‘lga?eﬁr@lligl'aﬁw $8OE Gihags- $¢Cﬁ@ﬂ8F\“@W 16
depicts the structure of Fi &1 % ei}e same cross-sectional view,
after form ng2R@r @W&@“t%’ﬁ@ﬁ&’ﬁ YHEHTEISNT i ¢ exposing the contact: Fig.
17 depicts the; st 2 s 1FiGurelér Figh BOHIBLS I &S aiRe G 055 ss@ivhiaptialy, Vi ew,
after form nggai gpgéﬁ%de %n ture con?act FI%. 18 depicts the structure of

Fig. 17, throagbr {dienisqme apasssg Seotgbile adhesive aafthe dileshing ROTir@ Rt ri c
in the openi ngognac(i; renoving a horizontal portion of the

Fig. 10 depicts the structure of Fig. 9, through the same cross-sectional view,
after conformally forming a spacer within the opening and on the adhesive;

Fig. 11 depicts the structure of Fig. 10, through the same cross-sectional view,
after etching the spacer,

Fig. 12 depicts the same cross-sectional view of the structure of Fig. 11, after
forming programmabte material, a barrier and a conductor;

Fig. 13 depicts the same cross-sectional view of the structure of Fig. 12, after
patterning the programmable material, barrier and conductor;

Fig. 14 depicts another cross-sectional view of the structure of Fig. 13;

Fig. 15 depicts the same cross-sectional view of the structure of Fig. 14 after
forming a dielectric material and a signal line; '

Fig. 16 depicts the structure of Fig. 7, through the same cross-sectional view,
after forming an opening through the dielectric exposing the contact;

Fig. 17 depicts the structure of Fig. 18, through the same cross-sectional view,
after forming an electrode on the contact;

Fig. 18 depicts the structure of Fig. 17, through the same cross-sectional view,
after forming a dielectric in the opening and removing a horizontal portion of the

electrode;



el ectrode; 3 CVO 2004/017438 PCT/ US20021025997 Fig. 19A - Fig. 19E depict
the structure of Fig, 18, through the sanme cross- sectional view, show ng
the formati on and patterning of an adhesive and a  programrable material;

Fig. 20 der%.(?%@%)pﬁﬁtructure of Fig. 19E, through the sagﬁwgg%%g@gi onal

view, afte orfrati on and patterning of a barrier on the programrabl e
mat erial and a conductor on the barrier; Fig. 21 depicts the structure of
Fig. 20, through the same cross-sectional view, after the formation of a

di el ectri th t t he . f ti ia, and the f ti f
e onal T na PR AR G, Be dedfeuRE TSR AL 8 e I Al0h F Sereot BERG
nmenory devi ce sRaydd vie 5t ERiRbiHG @he Shithatain A baaérrﬁ#?a{érbgeh@ém@a%d 45;

Fig. 23 depicts another nmethod of form ng a nenory device having a
structure si progiemmoableamatisigdri bed by Fig. 21; and Fig. 24 depicts one

syst em enbodi nent, 4 ueli Vi structure simlar to that
Sreeribed by Figtag BEbutl (i SrdRlIR ¥ BRY B Al Bt S Bke Ehet
Exenpl ary enmbetiwerites tae dodesteri hed patiemingbesangeat & Resichr&mmable

configurations. Those of ordinary skill in the art will appreciate that
various changedeaadendai Ongaeiws i denbdéefinde while remaining within the

scope of the . j | L} I -known el enent Vi ces,
conponent s, ciFﬁl lﬁgsglg(rf%@éeg%r% egésggﬁ@qtiﬁ)é/tqrp@éh}rﬁ?sﬂgﬁ e S-azlaéqoon?qqry@%
detail in ordgtertie axaiadicnlscudicnscitibenitny eahdottor [tRO @S ABonr &g Viw, aind

some nmenory devices, an adhesive is not utilized between the phase change
material and thef@mationoede ggaat bne pp tpadicle¢tig; i npact that the adhesive
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in processing o dévices i1 s Since ‘tenperatur

adhesi on (e. g.simigl @thattesonodaebywEeg 151e phase change material and at
| east one of the electrode and the dielectric. Further, wthout an
adhesi ve, the Rifi ¢RFeBiCIHANEIEH ”Ff?tlhﬁldo%fg%?‘f@(ﬂm%”qw SEVEE RavVinsk? stibistg&ent

film similar to that described by Fig. 21; and
Fig. 24 depicts one system embodiment including a memary having a structure

similar to that described by one of Fig. 15 and Fig. 21.

DETAILED DESCRIPTION
[0007) Exemplary embcodiments are described with reference 1o speciiic
configurations. Those of ordinary skill in the art will appreciate that various
changes and modifications can be made while remaining within the scope of
the appended claims. Additionally, well-known elements, devices,
components, circuits, process steps and the like may not be set forth in detail in

order to avoid obscuring the invention.

[0008]) Currently, in some memory devices, an adhesive is not utilized
between the phase change material and the electrode due to, in part, the
impact that the adhesive has on the device. However, without an adhesive, the
temperatures utilized in pracessing of memory devices is limited since
temperature effects adhesion (e.g., delamination) between the phase change
material and at least one of the electrode and the dielectric. Further, without an
adhesive, the thickness of thin film deposition is limited since subsequent film
depositions add stress, potentially causing delamination between the phase

change material and at least one of the electrode and the dielectric.

I



depositions add stress, potentially causing del am nati on between the phase
change material and at | east one of the electrode and the dielectric. 4 WO
20041017438 PCT/ US2002/ 025997 [0009] Currently, in other menory devices, an

adhesive is utilized between the phase change nateri al r ode,
havi ng a deloexer(iGgé$ effect on the programm ng of the pﬁggékgﬁgﬁgﬁﬁg
material. For exanple, in the case that the adhesive is highly conductive,
t he adhesive can effectively short out the phase change material (when in
a highly resistive anorphous state) by shorting the contact to the
crystalline phase change material. In the case that the adhesive is

insulating, or_l.ow co ctiyt K6 o } ter ed,
g NAUSLAN 6 oiildien OPRAPLEEICRE OB 8B Sve BNGALBYE

nanely, the [Bfdsi ve sTadditional resistance in series wt _

crystal | i ne JuQgLaBdnpbaseachangaenat &nd tie 0020}, Faninherdeldtariousrent | y
known devices, interm xing of the adhesive, and the phase chan rial
can al so oca@ffect @ﬁdhﬁéé%gx’%é'”rﬁﬂ\geoﬁ H?‘ﬁé:i Sﬁict}'}?ngﬁ’iraﬁber”ape}goéreésﬁﬂges‘%gﬁ%h

i nternxing ¢ ’RMLAY diduetiee abetdidiesRBass efenigelynaicetial .
Therefore, tct%gctﬁ%lyg% %‘?%%sm_ %ti lized is limted, or restricted to
adhesi ve t hajytresiptizseichbegainéategadtwheyinefighiyrraistiveramo(ovs staehBitor y
device utilizing progranmabl e materjal tq determne S ry
el enents of shwtielieeoR@CHIRE; %a{aﬁwgtﬁ}aesﬁr% negr%mtag)et}%lf Erg%rﬁus&r}?ggnd
crystalline st - iRe hrBiEohadeuliee tRedpaBs it drotravs des

i mproved devﬁgggéoﬁﬁeqs;l—\la]%sﬂﬁtégégn I nproved ro%sarrrragpg cycle life r %I %ti ve
to previous g@cydmsped,:ulamﬁy,,thémmsmeb@id&r@&dliloﬁﬁée&féﬁa’r‘?&t‘0§ef'§s with the
manuf acturable wi th convent ié)cpa% $ro§el§§ b%qéﬁglt s and facilities. [00123 in
an enbodi menerySEHIRRIALS FETHEE GRFTT 288 " Del%e&h™t he phase change materi al
and the dielectric. In an enbodi nent, concerns of delam nation of the

phase change (ﬂﬁbf” al , rdelnet ahicoue il ieche devipengntanmixing oothetibephase
change mater{a ,~and interm xi ng of the adhesive vggh t he haSﬁk?}&%ﬂge
material is eoditthelphede shangemaeriabcal 8FPHCH gBNG OSHIRES I LR ¢

di agram of an. enbodi nent, of : O § fmemplusiadrietaf tod
menory el erreHt@%?@%ﬁf%ﬂpefhgsu{%pﬂéﬁ“‘?ﬁﬁ%&cont ext%q% t he descri ption
provi ded her %ihgseldhah@bsngtéa?a‘pl Thetdiere, the choice of adhesive utilized is limited, or

restricted to adhesive that resists intermixing at a given temperature.

[0011] A memory device utilizing nrogrammable material to determine
ihe state of memory elements of the device is described that reprograms to an
amorphous and crystalline state. The described memaory device and methad
provides improved device reliability and improved programmable cycle l?fe
relative to previous devices. Further, in an embodiment, the apparatus is

manufacturable with conventional process toolsets and facilities.

[(0012] In an embodiment, an adhesive is utilized between the phase
change material and the dielectric. !n an embodiment, concerns of |
delamination of the phase change material, deleterious effects on programming
of the phase change material. and intermixing of the adhesive with the phase

change material is controlled and minimized.

[0013]- Fig. 1 shows a schematic diagram of an embodiment of a
memory array comprised of a plurality of memory elements presented and
formed in the context of the description provided herein. In this example, the

circuit of memory array 5 includes an xy grid with memory elemer}ts 30

|
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circuit of nmenory array 5 includes an xy grid with nmenory el enents 30 5 WO
2004/ 017438 PCT/ US201) 2/ 025997 el ectrically interconnected in series with
i sol ati on devices 25 on a portion of a chip. Address lines 10 (e.qg.,

col ums) and 2 rows) are connected. in one enbod] t er nal
addr essi ng “t% F‘B’ﬁ’f’{’r‘g in a conventional manner. one pur pog(ge% B?:H@Z“g grid

array of nmenory elenents in conbination with isolation devices is to
enabl e each discrete nenory elenment to be read and witten wthout

interfering with the information stored in adLﬁcent or renote nenory

el enents of tHRCIEFSIHYINIAG6ARSRINE ST ESarHaipOien davicreRBron deertan St of
Fig. I can be é n i ortlo a
substrate. )}JI ca Peésnl rf'saetsfg? cﬁd]g@bggég(gmb & {}é%vofaseu% N E%é)such as
a silicon subnsterahéodm@mteto suﬂaesmalaacda@remogummngy ubutcdnoénﬂld;rmmwm@;,
substrates that cont ai & ﬁram mat er i al Dganlc material, or glass

material as part PofPERef RrrdsTidiel G fdrenanseemeats A binatieh@ittase of a

silicon sem Gengusd eév@@bsé tREA OIEREBEN GREFY er an
area of the substrate at the vva?er | evel and nﬁeerﬁh h%Q@gP?wl?%%ceaﬂtﬁhrough

si ngul ati on iwitterdwgbeet istetfering wihitpe infoometion sklréd of adihesntdirecorotehi ps |
havi ng a mem)ré arra forrrecg ﬁhereon Addi ti onal addreSS| ng ci rcwtry
(e.qg., decodéel mo&@ SR PANE SR as known to those of skill in 'the
art. [0015] Figs. 2- 14 illustrate an enbodi nent of the fabrication of

representati vigofmnory eA@rﬁ@rﬂbrylﬁrr@fy FUcH- asleneh d%w@@w&tﬁgaﬂeghtuém of

substrate 100 that. is, for exanplé, a sem conductor (e.g. l'i con)
substrate. | rforréd $n emmre mafmdmg/ﬁm a@tpfamors@mmfwmrrate |é tymd:aloduced in

ti 110. In ¢ f bt ;
g(r)lrt Ihgnor der %’fb HB 1(”:‘»%% %f@n}@g’ﬁlﬁﬁgfg}:&&aﬁn r I?gg valv Sé‘ﬁlgﬁﬁge?pan 'S
(at ons/ cm re@ﬁ\%?'sﬂﬁsi@@fetsluﬁé\!u&iﬂr{b U N EatS, SR eRNREERS BN K

Overlying portion 110 of substrate 100, in this exanple, is portion 120 of
P-type epit axialerial.|arganic matesiab exalesk anatefial axparhat thedntastiyaigiecars alsen

tsﬂgl IO:)\?ve': r (Ca)];]c Lmlggo iﬁtgﬁtc%é%f?f éa%r uc &Et%lcégcg&q%ro@r?%dafen%%ﬁ?&m a% porafl on
120 of subst rigd fabti@8ted’svan ant abes ofrthappiagieng at the wafer level a2nd then the
wafer reduced through singuiation into discrete die or chips, some or ali of the
die or chips having a memory array formed thereon. Additional addressing
circuitry (.g., decoders, eic.j can be formed as known to those of skill in the
art.

(0015} Figs. 2-14 illustrate an embodiment of the fabrication of
representative memory element 15 of Fig. 1. Fig. 2 depicts a portion of
substrate 100 that is, for example, a semiconductor (e.g., silicon) substfate. In
this example, a P-type dopant such as boron is introduced in portion 110. In
one example, a suitable concentration of P-type dopant is on the order of about
5x10'® to 1x10%° atoms per cubic centimeter (atoms/cm’) rendering portion 110
of substrate 100 representatively P™*. Overlying portion 110 of substrate 100,
in this example, is portion 120 of P-type epitaxial silicon. In one example, the
dopant concentratian is on the order of about 10 to 10" atoms/cm’,

(0016] Fig. 2 also depicts shallow trench isolation (STI) structures 130
formed in epitaxial portion 120 of substrate 100. As will become apparent in
the subsequent discussian, ST structures 130 serve, in one aspect, to define

the z-direction thickness of a memory celi, with at this point only the z-direction

o




t he subsequent discussion, STl structures 130 serve, in one aspec~ to
define the z-direction thickness of a nenory cell, with at this point only
the z-direction 6 Wc) 2004/017438 PCT/ US2002/ 025997 t hi ckness of a nenory

cell defined.. In one enbodiment, nenory cell z- directig}p;egh@nss®b35A and
135B are pHQ ¥PHBU4S strips with the x-direction dinension greater than

the z-direction dinension. In another aspect, ST1 structures 130 serve to
i sol ate individual nmenory el enents fromone another as well as associ ated
circuit elenments (e.g., transistor devices) forned in and on the

substrate. O:Iifnf’c?ﬁés§ﬁf"5%c9rfnofr@@eﬁ*ﬁbﬂ@é@.t.Q'l srdegiRile he ehwhayessiiug-i | | zed
S

to pattern S ructures define the z-direction thickness of neno cel |l

regi ons 135Ajiantioh36Biarant Iioande HoEazeraatieroes ap sl with Fl'éﬁlx‘tdﬁieé%réss) as
[ 0.18 mcr 17] . Flg. 3. i Fig. 2
:ntr?er ?Ert herdiﬂ%@{%ﬁéﬁ%xgp@ﬁb&gﬁ%ﬂ' éclgrr?n dl%%%%ns EFE%O%&%%% a

menory céll T éegions A and 1358.

Wthin each npmnry«zeld0 séQ@iNsdIsts inR)viden endmbngelepidnaxiram poz ehotinet20 of
substrate 100 1s first conductor _or signal line nateri a|

| 140. in.
exampl e, fir sas eeHdscasgocstedicyrait el“?"ﬁémsr{rﬁtge-r‘ir%ff‘s‘ﬁ@édP%'CF’@l} @ﬂ@gadﬁg‘ﬁd
lysili f d by .t i I ,
P sani ¢ toa GonzontslrrEn Qi ERESGIEE RepripiotoRiRTR oy BURTRIGE Sum e o

(e.9., Nt silicomernlgTldthsctermpiime fhierstiranidubiciness obmgnadry deilriegions
mat eri al 140 serves as an address line, a rowli

. ne &’E‘tg rovB/Iine ﬁosOf
Fig. 1). OvenB§hrmgd 1358 capmiogves fRAtue Y (3-FRectiva Bk arsYay 7024 R
i sol ation dev'bc ie. lq , }rﬁol ation device 25 of Fig. 1). In one exanple,
the isol ati onPd&/ME° §(%1 PN di ode forned of N-type silicon portion 150

(e.g., dopant concentration on the order of about 10t4 to 1018 atonsl cnB)

and P-type si '[6(%98 por t img. 6@ p{@s dhe strdatpentf Eign@eftarduitier fhrieateror der of
about 1019 to 102

atons/cm 3). Althou PN di qde .i.s.sh it 1s. 10 be
appreci at ed t loaeraidnsrinirsemary 5ﬁ“§@9*96§39§% aﬁ}lﬁeﬂﬁj‘ny\f'gw ?g%ﬂéﬁ?@.ce@!mh
devi ces include, byt ace nat .| imited .t foriBRU2h SPELSel zRLME RIS UCMIS)
devi ces. [oomﬁg'ﬁﬂg.st” )d%\g%)r t'éétghgsgtar e of Fi g. 3 froman xy
perspective afd@igndi Grgimgietinenebesn bae dxampbe. izl cIndusHQNi BrHiad Be

substrate 100'm;-tré$igic ?ES islgd(-)type doped polysilicon formed by the introduction of, for
example, phospharous or arsenic to a concentration on the order of about 10'®
to 10" atoms/cm® (e.g., N* silicon). In this example, first conductor ar signal
line material 140 serves as an address line, a row line (e.g., row iine 20 of Fig.
1). Overlying first conductor or signal line material 140 is an isolation device
(e.g., isolation device 25 of Fig. 1). In one example, the isolation device is a
PN diode formed of N-type silicon portion 150 (e.g., dopant concentration on
the order of about 10™ 1o 10°® atoms/em®) and P-type silicon portion 160 (e.g.,
dopént concentration on the order of about 10™ to 10%° atoms/cm®). Although a
PN diode is shown, it is to be appreciated that ather isolation structures are
similarly suitable. Such devices include, but are not limited to, metal oxide

semiconductor (MOS) devices.

(00181 Fig. 4 depicts the structure of Fig. 3 from an xy perspective after
forming trenches 190 in epitaxial portion 120 of substrate 100. Trenches 190
are formed, in this example, orthogonal to STI structures 130. Trenches 190
define the x-direction thickness of a memory cell. According to current
photolithographic techniques, a suitable feature size for the x-direction |
thickness is as small as 0.25 pm. Fig. 4 also depicts memory cells 145A and
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are forned, in this exanple, orthogonal to STl structures 130. Trenches 190
define the x-direction thickness of a nenory cell. According to current
phot ol i t hographi ¢ techniques, a suitable feature size for the x-directi on
thickness is as small as 0.25 p.m Fig. 4 also depicts msrmr cel Is_9]7

and 7 WO 20038 1HIS g pCT1US2002/ 02-5997 1458 separ at ed"‘EK/ t1eHEhES
having a z-direction thickness defined by STI structures 130 and an
x-direction thickness defined by trenches 190. The definition of the
x-direction thickness involves, in one enbodinent, an etch to the
conduct or or $igBakphiated byQrayicheisel $kraving Bae:iisetcacrkmiokm@sidm’rrminw BTl

190,

cells 145A and 1458 o ry cell ion 135A e of a etch, the
etch proceedsSY¥ifsh %ﬁ%’f?”ﬁ {5% &t Q&estsode'lﬂﬁ &Rp Neorti on
of conduct Ofdé’ﬂ‘m%r%@khé k@ﬁ%e?eﬂ@n thﬁckh@?ﬁnn%ﬁ&@sc@%n@%ﬂbbé h?é?ﬁ' 5|‘i’e§éﬁ)§3

etch at this point. Follow ng atterning, N-type opant I's introduced

at the base ofhee@lfwucﬁcpfe@fcﬁgll@id“‘t%1 fbpfrih:ﬁj@ﬁélmmestmknngi%]ndapamry

egi on) ' bet vestmengs S EalE et Rt SR b bET; BR G e he
i ntroduction efchRaekesds %Qau Bt %@ﬁbg Gnametaekitd)in ti%é”é'iaﬁﬁalé'é beRARMbPOXI de
is introduced in trenches 19 to form STl structures 132. he superi or

surface (as vp@m@mtomysrgﬁéhhnfe%@aﬁahm@é@tw £an beomheat‘atmmp & etch at this
chem cal - mechani

a .perspectiv

structure of PEE”& %Rﬁgwﬂg % a(;herce iu f’}é?% @pgn%ﬁ%lpgroglé‘f?i ﬁtﬂ% aasr?dOfﬁ%%}
separated by t&hth SQOM@UUH@@OLQ&S&Z@D &aﬁlng[é)@@@émlﬁoﬁcer@trﬂftm 61 $hd b-ler of
structure of Fig. 4 (i an xy perspective) following the formation of a
Taterial of, PRONIG éaé@p‘i AlOMRYEFRdEETy NMEREPN P EMERAaTEBABNCHS tHpAINT
silicide (Co&%é in a portion of p-type silicon portion 160 to define
contact 170 ﬁt act 170, in one aspect, serves as a |l ow resistance
material in the fabrication of peripheral circuitry (e.g., addressing
circuitry) of [#018]ci r cuiRollosimatteuinéroaiuictibre of hopkelf Q0213 diilectrid nddpiiet s t he
structure of Fig. 6 after the introductipn of  maski mat ecd, al  180.
w11 become. mHEh BedicanAierOe RSk oRRd BifanchEag Sodg oRe ST fhurtres vz
as an etch stofdfQhefior $RFEEEERS vRIGIH)OPEY #idiPBe PldhaPBEd with, for example, a

chemical-mechanical polish. Fig. 5 depicts an xz perspective of the structure

of Fig. 4 with memory cells (e.g., memory cells 145A and 145B) separated by

STl structures 130 and 132.

[0020] Fig. 6 depicts the structure of Fig. 4 (i.e., an xy perspective)
following the formation of a material of, in this example, refractory metal silicide
such as cobalt silicide (CoSiy) in a portion of p-type silicon portion 160 to define
contact 170. Contact 170, in one aspect, serves as a low resistance material in
the fabrication of peripheral circuitry (e.g., addressing circuitry) of the circutt

structure on the chip.

(0021} Fig. 7 depicts the structure of Fig. 6 after the introduction of
masking material 180. As will become more clear later, masking material 180
serves, in one sense, as an etch stop for é‘subsequent etch operation. In cne
embodiment, a suitahle material for masking material 180 is a dielectric

material such as silicon nitride (SizNa).

(0022] Fig. 7 also depicts dielectric material 210 introduced over the
structure to a thickness on the order of 100A to 50,000A sufficient to blanket
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enbodi nent, a suitable material for masking nmaterial 180 is a dielectric
material such as silicon nitride (Si3N4). [0022] Fig. 7 also depicts
dielectric material 210 introduced over the structure to a thickness on

t he order of ,?égg@”%% 50, 0O00A sufficient to blanket 8 WO 2004/ &1fid382997
PCT/ US2002/ ¥ r§Dry cells 145A and 145B. In one enbodi nent, dielectric

material 210 is Si02. In another enbodi ment, dielectric naterial 210 is a

material selected for its reduced thermal conductivity, K, preferably a
thermal conductivity |es

s than , . ore preferably.three t X | ATES
s kS 09 AGegENERi Teemebt e 11508 << aRl HisohTR DaelE2 R he
order of 1.0. JhUs, i idH98diFRn? GRlectddliradd# 2MBtieni mherfpseldcridelri
material 210 i HeRud a{aﬁg‘gﬁ énr%t?gcrhi al's tha‘:‘:tC have K val Jeg | ess than 1.0.
Certain high tignpeiatsdtiesmpod omedsctiaiy, ng prefeeablies thessal aordnctiviy, lepnélaite

bi d terials, A |, Xe I th d f 0.1 d Y|
S T o e e D AR, BB AR
a es| ve | € CILrli . \/ e ; can
adhesive 214, o] S5(1 10,210, ML IR Bevatueiyn f mlheslYesmai o b

| east one of Qﬂﬂf—%ﬁé h%&@ﬂﬂa@rﬂéira@émh@matéﬂﬂm@ iRtlededndepiredtsrialbénat ravet ur e
of Fig. 8, through the sane cross- sectional view, after form ng openi ngs

220 t hrough ad@geeyeRLAandi @l Exrtdic higoterapriatlits pohgnenrsthaving Kigbles les

exposi ng contact 170. In one enbodi nent openjngs 220 are.fo

patterning of ttiarnchDamcm%%afét%%@‘?rﬁ‘&@ﬁ%gﬁhﬁ%é?%é‘ B g %ﬂgg?f%)fﬁ
and maski ng mat er.i%j%r. cl??o usi ng photolithography and dry etching

t echni ques. | nte FE G VERate of the art phot ol i t hography techni ques,
circul ar openings as small as 0.18 min dianeter can be patterned. It is
to be appreci atggsyhat; iFigasidipictmiiteostcicton af Figp@nafigsioringerdnasiens iys

Son nas 350, s Rerki (e 3 vihe G APHRYSE R P Sha B

cuch  that cur PERESS 2 TR e P et 1 i roduced

programmabl e  pelysilicon and titanium. .
10024} Fig. 8 depicts the structure of Fig. 8, through the same cross-
sectional view, afier forming openings 220 through adhesive 214, dielectric 210
and masking material 180, exposing contact 170. In one embediment,
openings 220 are formed by patterning of circular holes etched through |
adhesive 214, dielectric 210 and masking material 180, using photolithography
and dry etching techniques. lh terms of state of the art photolithography
techniques, circular openings as small as 0.18 pm in diameter can be
patterned. ltis to be appreciated that, in addition to circular openings, other
openings such as rectangular openings could alternatively be employed. By
forming openings 220 in this manner (i.e., after introducing adhesive 214) in an
embodiment, the result is an absence of an adhesive layer on contact 170 such

that current is not shunted from the subsequently introduced programmable

material (see Fig. 12}.

[0025] Fig. 10 depicts the structure of Fig.9 , through the same cross-
sectional view, after forming optional spacer material 402 within openings 220,
on adhesive 214, and on dielectric 210. Incne embodiment, spacer material

402 is conformally formed, for example by chemical vapor deposition of tetra-
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material (see Fig. 12). [00251 Fig. 10 depicts the structure of Fig.9 ,
t hrough the sane cross- sectional view, after form ng optional spacer
material 402 within openings 220, on adhesive 214, and on dielectric 210.

| n one enbgdhRmNini7sSpacer material 402 is conformally fopaedsaen2exanpl e
by chem cal vapor deposition of tetra 9 WD 2004/017438 PCTJUS2002/ 025997

ethyl-ortho-silicate (TEOCS) on the substrate. As shown in Fig. 10, spacer
mat eri al covers contact 170 within openings 220. [00261 Fig.11 depicts the

structure of Fhgkodalikele pRASS JFAEAARZ e onBRh IEENRdG GoloE

di el ectric spac spacer 4 I nsi open gs 220. In

one enbodi mentatspheevengpdatact 1 ZDithe apesioys @@lcal |y etched u3| ng an
etching agent that is selective such that the etching agent stops at, or

preserves, contact 170. et chi n operation 6%xposes

adhesi ve 214 80&%! the sfﬁ\@e??9?‘3%‘:{3%@%59@8@”@%&&)1Ooqﬂetﬂ ereet MR G0Z ipn
one aspect, tphateMb ko REGPORISRIIE HRBFs |HREr nfa‘?@r%@gomli}zrs%ron @gdgerves

to reduce the quantity of programmable material (Fi ontact 170.
Spacer mat erd@Enipgs E%nén 402/&rabedopenioapicemmetsai| 402 isamosdterpieatyodi nent
pr ogr ammabl e eri al or med n nin out_spgcer .
mtor i 402 Do veing SheeareRn sk erBETUs 855 669 e HegPeas il o1 s
the structure r [ 1 e I

adnest ve_ 21, SoPE L F eSB! ShRl e s e P g1 t“e?%ﬁ"é‘hgs"%éié“@""‘
progr ammabl e exeesadMdiva %MQVED’E@@!EEP@”@rSUf‘Fa@ﬁE{EﬂVIGW%‘BQ@dI%GtUQ 240t h

dh 400. | | 4.
change mater | B S AEPRe Rt NEDBEF B S GErE CHEt 'FEL PpguTeReLind s8N
crystalline, ?éﬂ?fcehﬁéﬁbaﬁﬁﬂz @tepr%@(damneﬁbzwmﬁtehae(ﬁzzm) 'o@addr@ébtqf?oarsﬁéwnt

of energy (e.g., electrical energy, thernal energy Chal cogeni de
mat eri al s havmagema‘i@ogwﬁﬁJ%(ﬁfﬁlﬂFﬁlO@ﬁéirkW@Mﬂtaﬁo remibogdbnentior  this

purpose. In an enbo I nmabl e
materi al 404 PW@%’E‘E’%%S%@%‘%B% erren g&hﬁc E%waefﬂ@ﬁupé Eiﬁodl Cc
Table O The Flfem4tan2 béingrinte@dnmbdmnhm €e25h33eg0i s utilized as
programmabl e material 404. O her chal cogenide alloys utilized as

[0027] Fig. 12 depicts the structure of Fig. 11 after introducing
programmable material 404 on adhesive 214, within openings 220, and on
contact 170. In one aspect, programmahle material 404 tends to adhere or
remain in association with adhesive 400. In one embodiment, programmabie
material 404 is a phase change material that has a property such that its
physical state (e.g., crystalline, amorphous) can be modified with the
application of an amount of energy (e.g., electrical energy, thermal energy).
Chalcogenide materials having the general formula are Known to be su_itable for
this purpose. In an embodiment, chalcogenide materials suitable as
programmable material 404 include at least one element from column Vi of the
Periodic Table Of The Elements. In an embodiment, Ge;Sh,Tes is utilized as
programmable material 404. Other chalcogenide alloys utilized as
programmable materiai 404 include GaSb, InSb, InSe, SbyTes, GeTe, InSbTe,
GaSeTe, SnSbyTes, INSbGe, AginSbTe, (GeSn)SbTe, GeSb(SeTe), and
Tes1GeisSb2S,. Chalcogenide materials can be introduced on the substrate

and on contact 170 by conventional deposition techniques.

[0028] As further illustrated in Fig. 12, following the introduction of

programmable material 404, barrier material 408 is formed on programmable
| 10



programrabl e material 404 include GaSh, 1nSb, InSe, Sb2Te3, GeTe, |nSbTe,
GaSeTe, SnSb2Te4, 1nSbGe, AglnSbTe, (GeSn)SbTe, GeSb(SeTe), and
Te81Gel5Sh2S2. Chal cogenide nmaterials can be introduced on the substrate

and on contact 170 by conventional deposition techniques. Sy Lur t her
i | lustrated?H'EPY*¥2 following the introduction of pr%(%ﬂgégnﬁ%‘éﬁg)%

material 404, barrier material 408 is formed on progranmable 10 WO
20041017438 PCT/ US2002/ 02-5997 nmaterial 404 and conductor 410 is formed on

barrier material 408. Barrier, nateri.al 408 serves, in an aspect, . to
prevent any SHeRIRA04 BRE GOBHUBRY dBHS (GRSt ARaFTSr MRieaR] 475404 !iRld

conduct or 41%at%n ;%g;@gg%isvﬁngm asBé&%E@B}"@%h?aH?kﬁéHﬁ’éai (8 MionHRageEN402,
barrier matelriar 208 and cohductor 410 are forned usi ng conventi onal
patterning teedyraeueable matatiaiddnteaendudiard1®r iman emtalkime@d. i ncl udes at

| east one of titaniu nd titani-umnitri Ti.t ani_um or. . Titani um
nitride coat ipﬁ%ag};[ﬂgb @@E}%@Eﬂ?’g 'ﬁ%%%%gr%ﬁ'y aérﬁéramag%@z?ﬁgta&d Csohg\ﬁcﬁ)é good
adhesi on i n yhatabhieymEgSistig tbakdmignabpasdriid@chaljuerl ng anambqtgldnng.
00291 In the structure illustrated in Fig. 12, the contact area of

pr ogr anmabl e beatermaterisl 4 08nacldas & leastonpofmtanivimzary Bigniuve nfié8ence of
spacer material portions 402A. In.a ect, t Lmensi on . | ngs 220
expose a firstiag ?&&%rrﬁ’ ML c?g%f@ts ﬁaﬁhi%gggﬁgietd,u%fogﬁ‘g‘g%ﬁhécont act
area, |ess thapsihg, ldHoWing 9Bbadidrakr ini thabkryTedsbiakingasistarnge Chigird)2
and/ or spacer material porti-ons 402A. By mnim zing the quantity of

progr anmabl e armbpeziing. 404, the quantity of programmuable material 404 that
undergoes, for exanple, a phase change fromto anorphous and crystalline

17 h ' 4 | ' ' 6, sh
bet woen Spaceh29lar or o et Sherhdarslain FREHE KRG eotRl Mt Toed

progranmmi ng r&ghpimefabl@egeansbl endrbatdcali 740e miniddzegby the presence of
programabl e reliability from and t.o

an anor phous,k and crys allape e of
bt 0Qr arabl o SRECe TRAteIBLRO AT BANZAI I b g R A TSRS 45 RS
area, |ess cULlent, § frdRitd@diblipUahtackh 0! HHRRspeBR adidcahd 4Bfiadtr | ng
programm ng a eadi ng, and | ess power
area, less than the first contact area, is exposed by spacer material 402 and/or
spacer material portions 402A. By minimizing the quantity of programmable
material 404, the quantity of programmable material 404 that undergoes, for
example, a phase change from/to amorphous and crystaiiine on contact 170
(as shown by region 4086) is localized. Region 406, shown between spacer
material portions 402A, defines a limited and localized programming region of
programmable material 404, adding to the programmable reliability from and to
an amorphous and crystalline state of programmable material 404. In general,
by localizing the phase change area, less current is required through
programmable material 404 during programming and reading, and less power

consumption results.

{60301 Fig. 13 depicts the structure of Fig. 12, from an xy perspective,
after forming openings 416. Openings 416 serve, in one aspect, to define the
x-direction thickness of programmable material 404, barrier material 408 and
conductor 410. Openings 416 serve, in another aspect, 10 isolate individual
memory elements from one anather as well as associated circuit elements
(e.g., transistor devices) formed on the substrate. in one embodiment,
openings 416 are formed by simultaneously patterning of openings through
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consunption results. [00301 Fig. 13 depicts the structure of Fig. 12, from
an xy perspective, after form ng openings 416. Openings 416 serve, in one
aspect, to define the x-direction thickness of progranmmble material 404,

barrier trrgt“:;églfbg/tl)gﬁ% and conductor 410. Openings 416 sery(g{/Héﬂﬂg&%J}er

aspect, P'hdi vidual nenory el enents from one an ras well as
associated circuit elenents (e.g., transistor devices) forned on the
substrate. In one enbodi ment, openings 416 are forned by sinultaneously

patterning of opening hrough 11 ) 04/017438 PCT/ US2002/ 025997
Donduct or 41O er QBT SRS <O BN At a Ao b S8iHEs ve

214. The pattefi nge caAmd aehedpiHd0us |3 i i
phot ol i t hogr aﬁ?cmggﬁgﬂg?ﬂgﬂ@t echni ques. pI nt hLiJ sﬁgggﬁr}}pﬁr@',aﬁ%h%hoet?%tﬁio%aphlc
proceeds t hr amphewbridabnioues 410thipgxeimmie nheeatthing $68;ceds doroaghetoineuctor

mat eri al 404 adhesive 2 to th xclusion of.dielectric 0.

recor g to Sl PSS hngre s, BdtEm A8 R RaRRe 05580 ERhEH Ee 20 te thai 2
for the x-dir@alifonbhurhagss 200, opesdraBg t61hiriene bHeRIidSgratt lecdmidudd M
As shown in Fig. 13, openings 416 form conductor 410 linés generally

ort hogonal t ca fiitalledeaigue sie for tha yiiectipn dhickuess| @@Eningisgt 16linclels a3 s

Flo. 15, A hednotra. Tt Pl st P et 37 BPERES eu art st A B R nes
500 may be i nt&odutedrRaL8sAND fritecRNIcER StdigFAIRe 1400 mintain a nore

stabl e tenperature and cooler interface betweén programmable material 404
and contact 170. [0032] Fig. 15 shows the structure of Fig. 14 after
form ng diel @0l mat Eig.dl4 dagiclswaiotbendigsssectianal vivwe| fegothe yaat eri al

412 is, f e, Si h | | i al | S, f d
conduct or 4105 GOBFBE A SRS B PP Ec iR G 1o Bk el R s
formation, digkestllyeelBéeblyained B0 Maypcindiodzesd addcanitha devideostfsuid a

portion of the structure throql.ﬁh dielectric material 412, dielectric
material 210, lcaR@iniRiel 2E1G7F Stakie deMRRralgre BpdCoRleAMeraee betwRenyi a i s

filled wth c&rzgjg]lﬂg%inyaﬁ%g%%\t:éhgi 4?&'?%%}1@&%” (W) and a barrier

mat eri al such a conbrnatron o I tant um and titaniumnitride (TiN).
Techni ques for introducing dielectric material 412, formng and filling
[0032] Fig. 15 shows the structure of Fig. 14 after forming dielectric

material 412 over conductor 410. Dielectric material 412 is, for example, SiO:z
or other suitable material that is formed on conductor 410 to electronically
isolate conductor 410. Following the formation, dielectric material 412 is
planarized and a via is formed in a portion of the structure through dielectric
material 412, dielectric material 210, and dielectric material 180 to contact 170.
The via is filled with conductive material such as tungsten (W) and a barrier
material such as a combination of titanium (Ti) and titanium nitride (TiN).
Techniques for introducing dielectric material 412, forming and filling
conductive vias, and planarizing are known to those skilled in the art. The
structure shown in Fig. 15 also shows additional conductor or signai line
materiat 414 formed and patterned to mirror that of conductor or signal line
material 140 (e.g., row line).formed on substrate 100. Mirror conductor line
material 414 mirrors conductor or signat line material 140 and is coupled to
conductor or signal line material 140 through the conductive via (not shown).
By mirroring a doped semiconductor such as N-type silicon, mirror conductor
line material 414 serves, in one aspect, to reduce the resistance of conductor

or signal line material 140 in a memory array, such as memory array 5
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conductive vias, and planarizing are known to those skilled in the art. The
structure shown in Fig. 15 al so shows additional conductor or signal |ine
material 414 formed and patterned to mrror that of conductor or signa

line material 140 (e.g., row line),formed on substrate S04
conduct or PY%%”“WHF&?igI 414 nirrozs conduct or or si gnal ﬁ?gg&ﬁ%%@{ﬁg 140
and is coupled to conductor or signal line material 140 through the
conductive via (not shown). By mirroring a doped sem conductor such as
N-type silicon, mrror conductor line material 414 serves, in one aspect,
to reduce theilussiastdcEiGHA. o%ﬁdﬁ@bi@rmatﬂﬂabfcgrmlrrqrrcnedn@tpehnamaiarmah%4a

nmenory array, such as 17438 PCT/ US2002/ 025997
il lustrated i M3HYES i“nﬁ\“@ﬁ%ﬁ%@ F%\? %% YR 2US%duct or 1 ne
material 414 i ncI udes an al umi num nat er | al, such as an al um num al | oy.

[0033] Fig. 16pg331F 0. %gdeel Q’ngam)tde@i‘cteﬁbmbrrmrﬁﬁodsﬂ?@ﬂlttl-fmitthS%Grlm%@h by
Fig. 8 - Fig. 15 'Fig icts the structure of Fig t hrough the sane

cross-sect i ondly R/‘ige\ﬁ/ %*Bt é5 deQrﬁ‘ﬁ&eﬁﬁé%i%%tr%ér@c%fr%'ﬁgﬁ dreveliia $aM20 and
K o s S0 VR b AL A g I e S OB 1y LB 2RI 220

may be accorrplcr% using etch pattern ective for

et chi ng di el eghiskingrhgterial 1&%)@1&1&11‘@6@1taq 17a. eﬁ"haﬁorﬂ:ﬁlldmufuf apehiresd ATt
170 (e.g., contact 170 serves as an ch stop).. [ 0034] Fl 17 d‘bé%(:ts t he
structure of PFngy beccgoenlishRe Usdd 8 aﬁﬁifﬁipsd@i ?ﬂ&ﬁd@fnt SEEeFY

mierial 230. | ancyEiRm fordloibode ABLER %ﬁ@iwéaaﬁhdmﬁ%@tlwme

sem conduct or eﬁ%@ as po ycrystal I con sui tabl e

material s i ncleds, eantzen1@dddesars asrenaich shopbl as transition nmetal s
including, but not limted to, titanium titani umtungsten (T|V\) titani um

nitride (TiN) andtltanlum mnu ntr ion is

conformal in ©A34kense Fihtl’e Sﬁ&?gv?ﬁ‘f@%'c\ﬁﬁé ‘?ﬁhP @Oe(ﬁj il ong the
side valls ande,baaes) BQ%QHB% ragt@n@ugmthasn@leﬁsﬁqr@eeaémﬁc@e:mbtez@ozae in
contact with con 70. e conf or nal |ntroduct|on of el ectrode terl aI

230 that is, flerpce\;(@rgpiaéine spafhywnsis@?@r mai@n%hsuc@oaﬁ pelycrysialisg Yinare

cherm cal  vapor SUERS A GHARCVE) Op ar R nane St o g T 3o ralgndf bpls

structure of FigiudidgWhart arlitedaaetiehidrhetitaamim-tungsten (TIW), titanium nitride
(TiN) and titanium aluminum nitride (TIAIN). The introduction is conformal in
the sense that electrode material 230 is introduced along the side walls and
base of openings 220 such that electrode materiai 230 is in contact with contact
170. The conformal introduction of electrode material 230 that is, for example,
polycrystalline silicon may follow conventional introduction techniques known to
those skilled in the art including chemical vapor deposition (CVD) technigues.

[0035]' - Fig. 18 depicts the structure of Fig. 47 where only one of the leg
portions of electrode material 230 serves as a conductive path between signal
line material 140 and a subsequently introduced programmable material. n
this example, electrode material 230 is a generally non-conductive intrinsic
polycrystalline silicon. After the introduction of a dopant into a portion of
electrode material 230, two portions are defined, electrode material 230A and
electrode material 2308B. Electrode material 230A is doped about its length
from reducer material 170 and will act as a conductive path between signai line
material 140 and subsequently introduced programmabte material. Electrode
materiat 2308 is generally non-conductive (e.g., predominantly intrinsic

polycrystalline silicon) and thus will generaily not serve as a conductive path.
| 13



portions of electrode material 230 serves as a conductive path between
signal line material 140 and a subsequently introduced programmabl e
material. In this exanple, electrode material 230 is a generally

non- conducjy sl Mfnisic polycrystalline silicon. After fhguiihfedystion
of a dopant 1nto a portion of electrode material 230, two portions are

defined, electrode material 230A and electrode naterial 2308. El ectrode
mat erial 230A is doped about its length fromreducer material 170 and wil |

act as a condyctiyv ath between signal i terjal 140 and s equent |y
i nt roduced p?thﬁ Eﬁf?ég’lne‘%r?eé'@ﬂ Syon g{g@%ﬁ%ﬁ&}a@@ ctrgég@qtgnaﬁ%] TRY
non- conduct i iIHROBR Bhardadd ifeddiictiBalay ar, ilan i and
thus wll ge\rger gﬁﬁﬂﬁ{g{w ser\'/emggg a cgnducti ve Cplatek?\f{g%%%\%{ ggd%/r%%%%g@y

PCT/ US2002/ 02599 2iattendessmiaterial @38B)a si ngl e conductive path (such as
el ectrode material 230A) may be acconplished through an angl ed

i ntroduction dopang: (i ' fro lL.ectrode paterial 2308).
0036] Fi g 18030 Ehows: (BEse BB s e b GRB £ bt
dielectric raafriadRS525%0i opemingedR0gdn 22@. erhbodinterdieicithatefiaebeotisi ¢
material 250 i s silicon dioxide (Si02). In another enbodi ment, dielectric
materi al 250 SKCQD HaKEE (@IOUndD anpinar embofimesb sirlestiovmajeria 250nat@ i s | ess
than the ther : Y I - X r 10 tines
| oas than Kei B3 erifPtafs & ekl sl actit 1 oBitdt Bt LBBrbdt ca o

pl anari zat i oncdrdictivitBPSRS,, k., peEieraiy ahrcRomPTN Biks @ssethgﬁtadg@ge materi al
230. Suitable planarization techniques include those known to Those of

skill in the Boltqwisgdtireduativentieastrotiuch ensdgkctesdhanplardrizadionshai CVP)
techni ques. [00371 Fi 19A

) - Fig. 19E.depict the I e_of Fig. 18,
through the —SAHVes BENEENIAAATTRANAR! S HUkHFRS el Gl fb: SHIZhla"
patterning of p@pari%’t&ﬁﬂe\éﬁn@nugsanauagrtﬁa@@uhgvﬁ%%@é of dHiifin tAOAM Suéh as

isolated view of a portion of electrode material 2301A adj acent the

superior surfduemishl chehenicaémeaahanisal\padiah d GMP Fieghnigges. 0038) Referring
to Fig. 198, adhesive 215 is forned on dielectric 210, dielectric 250, and

el ectrode mat gr.i 230A.. €54 i . f rode
mat eri al 230Aﬁ’P§%. 198:‘.5{\"%{% eﬁ’*’ﬁnﬁ%‘%’eﬁ?‘g&’?%%ﬁ“ﬁé BFFig. 98 trfbudh
same cross-sectional view, showing the formation and patterning of an
adhesive and a programmable material. Fig. 19A is an isolated view of a
portion of elecirode materiai 230A adjacent the superior surface of the structure

as viewed in Fig. 18.

[0038] Referring to Fig. 198, adhesive 215 is formed on dielectric 210,
dielectric 250, and electrode material 230A. Next, adhesive 215 is patterned
off of electrode material 230A (Fig. 19C). Subsequently, programmable
material 404 is formed on adhesive 215, a portion of dielectric 210, dielectric
250, and electrode materiat 230A (Fig. 19D). In an embodiment, adhesive 215
and programmable material 404 are simultaneously patterned over an area
adjacent electrode material 230A (Fig. 19E). The patterning can be
accomplished using conventional photolithographic and etch techniques. in
this example, the etching proceeds through a portion of adhesive 215 and
programmable material 404, to the exclusion of dielectric 210 and dielectric

250.

[0039] Fig. 20 depicts the structure of Fig. 19E, through the same cross-
sectional view, after the formation and patterning of conductor 410, barrier 408,
| 14




Jraterial 404 is fornmed on adhesive 215, a portion of dielectric 210,
dielectric 250, and electrode material 230A (Fig. 19D). In an enbodi nent,
adhesive 215 and programmable material 404 are sinultaneously patterned

over an area _adjacent electrode material 230A (Fig. 19E)_. .T L&Lni ng
can be acé\bchﬁ‘l"i‘) Hé# usi ng conventional photolithographi c"%@ﬁg&?‘? 59,

techniques. In this exanple, the etching proceeds through a portion of
adhesive 215 and programable material 404, to the exclusion of dielectric

(i ough ¢ he SAIASIEMEGRS e dBERY BhAPY vPRhSSFELF 2R T5TREE DONHAF ST B g
of conductor AlQmRankAQLLAGS) and‘ﬂité?@u%qgt‘}fo‘%jﬁ'ﬁ)s_@g{ep§5§%%/lr\%§g§9§ﬂ% of

programmabl e material 404, and adhesive 215. Barrier 408 inc
for exanpl e, aspéctata inmitdiffugaion ketwesnuheniolunelef prigimnBarle imstedgidiOd

serves, in on , Lnhi bi Iy . Lon . ween the vol une .of

pr ogr ammabl e %ﬁ?%}?aﬁbﬂj’hﬂugﬁg Olspés’ﬁr%'ﬂ%I'E%Zﬁ%tgflgfévoqﬁﬁggﬁgl Vq?‘i”ﬁg %t eri al
overlying thepugjrurenable makgiadtalbe. reéindadledddd 210). , OSERONE betegtatede
410). Overlying barrier 408 is conductor or signal |ine material 410. In

this exanpl e, 'SceMulA@r olo¥aaalgiNg Materal 448 dpithis exapplercansdugtor o sigidl ess

line, a colu [ ; ' Eigure 1). Condugtor or '
signal |ine m?%.“?%‘feg‘ﬁﬁ%“? gg'g)ae'lté':gegr %g%%{i(%gsosei?ﬁq,ﬁ cga;l: m”i@?ﬁéﬁi%@?%‘éwgﬂﬁ |y
ort hogonal tof FighirecoNdostdictor ossgnal line reatemderioal ph#@rnddel Bemn lbhaes
are orthogonal to row lines). Conductor or  signal line material 410 is,

for exanple, &mbadimentiaansraliy anthogernd tadirgroarusion ersianablne matedalsl 4or
t he introducti ch: pat ' ' C : ' |44
mterial 410 (AR S b Rl Aol SheSL R ARCRARA IR 168 mpkfdadd e

Fig. 21 shows ig Her stamptalnme abimfmgn ittt esuchasmmgludiietecd!ioyc Mathbes fa
412 on conductor 410, Dielectric mater for exanp 02 or

jal 412 |s, le, S
ot her suitabl dherfttegquetiop pad F?%ﬁqrﬁmﬂe‘a{ Qﬁfr‘gbﬁgéJ@FG_rCC’@%Ctt% OéFQE'?ﬂ'_HPﬁ cally
| sol ate Cond%@igfgg%sfcg&c;%dm@m iRt MRsedikplBChih& arBt erial 412 s

pl anari zed and ormed In a portion of the structure through
dielectric material 412, dielectric material 210, and dielectric materi al
180 to contact{0040). Vi a Bgo21ishioid thedstiatvrecfidgc?d wentravingficlardic as
tungsten (Vy anqgtel?i%milfronr{:ac}n%ruic?clar c’?ﬁ? Dielectric material 412 is, for example, Si0O. or
other suitable material that is formed on conductor 410 to electronically isolate
conductor 410. Following the formation, dielectric material 412 is planarized
and Via 340 is formed in a portion of the structure through dielectric material
412, dielectric material 210, and dielectric material 180 to contact 170. Via 340
is filled with conductive material such as tunésten (W) and barrier material 350
such as a combination of titanium (Ti) and titanium nitride (TiN). Techniques
for introducing dielectric material 412, forming and filling conductive. vias, and
planarizing are known to those skilled in the art. The structure shown in Fig. 21
also shows additional conductor or signal line material 414 formed and
patterned to mirror that of conductor or signal line material 140 (e.g., row line)
formed on substrate 100. Mirror conductor line material 414 mirrors conductor
or signal line material 140 and is coupled to conductor or signal line material
140 through the conductive via. By mirroring a doped semiconductor such as
N-type silicon, mirror conductor line material 414 serves, in one aspect, to
reduce the resistance of conductor or signal line material 140 in a memory

array, such as memory array 5 illustrated in Fig. 1. A suitable material for
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such.as a conbination of titanium (Ti) and titaniumnitride (TiN).
Techni ques for introducing dielectric material 412, formng and filling
conductive vias, and planarizing are known to those skilled in the art.

The structyre show) in Fig. 21 also shows additional co <§j-gnal
line nat eri&aqz"ii’ﬁm%“{ med and patterned to mirror that O]gd(g[gﬁ it %zr‘%gr

signal line material 140 (e.g., rowline) formed on substrate 100. Mrror
conductor line material 414 mrrors conductor or signal line nmaterial 140

and is coupled to conductor, or signal line pmaterial =~ 140 through the
conduct i ve vi &IMBYCRNEFSRT HRE 41318 @H“%‘éiﬂcﬁﬁff?&ﬂ 8Hripem naaterigl SpB asi 2 con,

m rror conduc Al pﬁa"@%eri al 414 serves, in one aspect, to reduce the
resi stance of “conductor or signal line material 140 in a nenory array,
such as menory array S illustrated in Fig. 1. A suitable material for 15 WO
2004/ 017438 PEEHIUS2002/f2598 Hentipos agoathest iorfctming averograramabmiemncdydes

an alum num material ., .such .as.,.; -al.,um | Loy, [0041]1_.Fig. 22 describes

2 mthod i £ SEAcRg aviEH o LR 1B BebRtec D sardioafiaria iR

simlar to thah daBbEIeEh IFifi 93 dbBcribés achehdbANBgomhihg a MBgaMedbrEEnt .

Fig. 23 describes a method in form ng a programmabl e nénory device, having

a structure siméinary devichabadegiacstedcture simjlar X1 thatepgtasbindaigeéiwint h an”

enbodi ment. [00421 Furth%_rl, as gecgmi ct (?d in Fig. 24, a nenory array such as
I RASTBY A

menory  devi c@0[dENgE Y i ndi vi dual memory cells have a
structure simlar to that described with reference to at |east one of Fig.

15 and Fig. 2kpad the RetRPanyieniteext FIRAe neewnparayedch asanémory
suitable system I'n one enbodinment, system 700 includes m croprocessor

704, i nput/ outdgvicg 5 AB)g.dovherzmethedRaividiiab Femoyy. callsdiaypriorBdigie siodar 1ao

Bnd contiol bubBvaasera P e RRE TR BF e P F M e ML 2T BrBdfa "0

from menory 7Q02denpaiemel txt edh b@inadehersedontadduitable Bysteri 6irearte a nenory

read signal on control bus 714. Menory 702 outputs e address
i nstruction orerdaedm@iitasygermn e} W‘%W%W@%ﬁoﬂg&a lwgfwi@??llo) port

M opr ocess oty Rl B 72 MRS frock o FT B0 SR Gt 6 e
connected by data bus 712, address bus 716 and control bus 714.
Microprocessor 704 fetches instructions or reads data from memory 702 by
sending out an address on address bus 716 and a memory read signal on
control bus 714. Memory 702 outputs the addressed instruction or data word to
microprocessor 704 on data bus 712. Microprocessor 704 writes a data word
to memory 702 by sending out an address on address bus 716, sending out the
data word on data bus 712, and sending a memory write signal to memory 702
on control bus 714. 1O port 706 is utilized to couple to at least one of input

device 708 and output device 710.

[0043] Having disclosed exemplary embodiments, modifications and
variations may be made to the disclosed embodiments while remaining within
the spirit and scope of the invention as defined by the appended claims.
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data.word on data bus 712, and sending a nenory wite signal to nenory 702
on control bus 714. 1/0 port 706 is utilized to couple to at |east one of

i nput device 708 and out put device 710. [0043] Having di scl osed exenpl ary
enbodi ments, nodifications and variations nay be nmade to #h@ g%ﬁﬁ%@?ﬁd
enbodi ment YARM4@IHe¥mining within the spirit and scope Bf 'URe T Tventi on
as defined by the appended clains. 16 WO 2004/ 017438 PCT/ US2002/ 025997
CLAIMS What is clainmed is: 1. A nmethod conprising: formng a dielectric on
a contact, the contact fornmed on a substrate; form ng an opening through
the dielectric exposing the contact; fokhfHgSan el ectrode in the opening,
the el ectrode on the contact; formng an adhesive on the dielectric and on
the el ectrode; patterning the adhesive exposing a portion of the

el ectrode; fogqﬁggsqjgmggg@nnable material on the adhesive and on the

el ectrode; and formng a conductor to the programmable material. 2. The
nmet hod of claim1, further conprising: sinultaneously patterning the

adhesi ve, the progr ial. and the conductor. 3. The met hod of
claim1l, where1i'n fﬁ%ﬁbgﬁ@dﬁg’éi ‘e conprises formng at |east one of

titani umand pol ysithiamg aatkiéarigionga aontoytaevahizet fortrexdi @l a substpateses
form ng a chal cogeni de nenory elenent. 4. A apparatus conprising:. a ‘
contact on a subst rfai@ingaaRiPBEBRGrthEcYah RdliRiSRTIEEXPOSHY @?eqoéktﬁ(lqti ¢ having

an openi ng extendi L t ' RbRAGctt he
el ectrode on the Cgﬁ{@gr}g, ;#%h&g@tﬁgmz@gﬁsbﬁg Bfég SE{P?(F%;%HSH% ogr ammabl e
material on the adhesmire; anddbaesiveereiheatielediic amilon the electrode; '
patterning the adhesive exposing a portion of the electrode;
forming a programmable material on the adhesive and on the electrede;

and
forming a conductor to the programmable material.

2. The method of claim 1, further comprising:
simultaneously patterning the adhesive, the programmable material and

the conductor.

3. The method of claim 1, wherein forming an adhesive comprises forming
at least one of titanium and polysilicon and forming a programmabie material

comprises forming a chalcogenide memory element.

4, A apparatus comprising:
a contact on a substrate;
a dielectric on the contact, the dielectric having an opening extending to

the contact;
an electrode in the opening, the electrode on the contact,

an adhesive on the dielectric;
a programmabie material on the adhesive and on the electrode; and

a conductor to the programmable material.

17



a conductor to the programmable material. 17 WD 2004/017433
PCT/ US2002/ 025997 5. The apparatus of claim4, wherein the adhesive, the
programmabl e material and the conductor are sinultaneously patterned. 6

The appara m 4, wherein the adhesive conprises [
titani um akwpolli}gl ?é I con and the programmabl e materi al coﬁéﬂ:’bg@g%/g“”

chal cogeni de nenory elenent. 7. A systemconprising: a mcroprocessor; an
i nput/output (I/0O port; and a nenory including a contact on a substrate, a

dielectric on the contact, the dielectric having an opening extending to
the contact, &n el Beg eegeratys phelaigdenihsy eﬁh@eoﬁéit@ﬁéfecmﬂar@graraﬁ!a@&lem ve

on the diel ectr rogr EH@Q sive and on the
el ectrode; an@a{e(%l?é% Bt 838 hgabﬁgﬁgﬁrﬁl&%ﬁgh}éﬁ‘%ﬁg and wherein the
m croprocessor, the I/O port and the nenory are connect ed by a data bus,

an address bus and.a control stemas in claim?7, V\,her ein the
adhesi ve, theSpr ogT]&‘?rﬁﬁB?@tu?Tﬁ?@@irHI“ é(ﬁberfaﬁé theopirs G coprrisgsrall e asteiss | y

patt erned. - 9. oragn ae RELRN sl R0l Hd e piaRs Rkl i AdhA SR EegRr | ses at

| east one of titanium and ‘polysilicon t he progranmmab mater al

conpri ses a distoyyede demenyosigmeinédmrent. 10. A net hod conprising: form ng
a dielectric on a contact, the contact fornmed on a substrate; formng an
adhesive on the dielectric; formng an opening through the adhesive and the

dielectric, exposiRGyside cBMMRRlg: formng a progranmable material on the
adhesi ve and on a fi |ysst pgrﬁbtcr)nmgof the contact; and 18

a Microprocessor;

an input/output (I/O) port; and

a memory including a contact on a substrate, a dielectric on the contact,
the dielectric having an opening extending to the contact, an electrede in the
opening and on the caontact, an adhesive on the dielectric, a programmable
material on the adhesive and on the electrode; and a conductor to the
programmable material; and

wherein the microprocessor, the /O port, and the memory are

connected by a data bus, an address bus and a control bus.

8. The system as in claim 7, wherein the adhesive, the programmable

material and the conductor are simultaneously patterned.

9. The system as in claim 7, wherein the adhesive comprises at least one
of titanium and polysilicon and the programmable material comprises a

chalcogenide memory element.

10. A method comprising:

forming a dielectric on a contact, the contact formed on a substrate;

forming an adhesive on the dielectric;

forming an opening through the adhesive and the dielectric, exposing
the contact;

forming a programmable material on the adhesive and on a first portion
of the contact; and
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WD 2004/ 017438 form ng a conductor to the progranmable material .
PCT/ US2002102. 5997 11. The nethod of claim 10, further conpri sing:
patterning the adhesive, the programmabl e naterial and the conductor

si mul taneokk%sd ¥Un4/%1?743 The nethod of claim 10, wherein formgng,aeaihesive
conpri ses ormng 2t least one of titanium and polysilicon and formng a

programmabl e material conprises form ng a chal cogeni de nenory el enent. 13.
The nethod of claim 10, further conprising form ng at | east one spacer on
a second portion of the contact. 14. A apparatus conprising: a dielectric
on a contact, thefcﬂcrnngcatcw‘lduatcs'dbébﬁ@E@Faaﬁné@ﬁé@@'i\?@%n the dielectric,

t he adhesive and the dielectric having an opening exposing the contact; a
programuabl e material on the adhesive and on a first portion of the

contact; and,,a C%@%Eﬁ{od& dtkien POOGIrREIBbergRiger i al . 15. The appar at us
of cIa|m14 whereln t he adhesive, the programmable nateria

conductor are si mmlattaﬁébgémajaﬁﬁﬁ‘%‘é?n@@ pregr a”Tﬁ@bﬁpW%fﬂﬂéngftl"Elcaf‘ﬂPi@r
wherein the adhe | ve ¢ rises at | east one of titaniumand polysilicon
and the progP "W&rgrl al conprises a chal cogenide nenory el enent. 17.
The appar at us of cI aim 14, further conprising at |east one spacer on a
second portion of the cont act. 18. A system conprising: .19 WD 2004/ 017438
PCT/ US2002/ 0212997 Ehaninethgs otelgiar0, meur%d@mﬂﬂﬁuﬂa? emye BIPTISEhd a

menory including a Go0La%Unek Rafiiit bha RiyshicinBrilitnind B phitafenbBet |

material comprises forming a chalcogenide memory element.

13, The method of claim 10, further comprising forming at least cne spacer

on a second portion of the contact.

14, A apparatus comprising:
a dielectric on a contact, the contact on a substrate;

an adhesive on the dielectric, the adhesive and the dielectric having an
cpening expesing the centact;
a programmable material on the adhesive and on a first portion of the

contact; and
a conductor to the programmable material.

15.  The apparatus of claim 14, wherein the adhesive, the programmable

material and the conductor are simultaneously patterned.

16. The apparatus of claim 14, wherein the adhesive comprises at least one
of titanium and polysilicon and the programmable material comprises a

chalcogenide memory element.

17. The apparatus of claim 14, further comprising at least one spacéron a

second portion of the contact.

18. A system comprising:
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an adhesive on the dielectric, the adhesive and the dielectric having an
openi ng exposing the contact, a programmable material on the adhesive and
on a first portion of the contact, and a conductor to the programrabl e

materi al ; and rejn the mcroprocessor, the 1/0 port, nLy are
connect ed gj;e) %’m%‘ggsbus, an address bus and a control bu:&driég.%'ﬁr“{{gg&;stem
as in claim18, wherein the adhesive, the programmable material and the
conductor are sinultaneously patterned. 20. The systemas in claim18,
wherei n the adhesive. corT[pri ses.at |least one of titaniumand polysilicon
and the progranmma B9EREFa Tconpri ses a chal cogeni de nenory el ement. 21.

The system of claimil8, ybpLh@OreoRrasing at | east one spacer on a second
portion of the contact. 20 .
a memory including a contact on a substrate, a dielectric on the contact,
an adhesive on the dielectric, the adhesive and the dielectric having an opening
- exposing the contact, a programmable material on the adhesive and on a first
portion of the contact, and a conductor to the programmable material; and
wherein the microprocessor, the /O port, and the memory are

connected by a data bus, an address bus and a controf bus.

19. The system as in claim 18, wherein the adhesive, the programmable

material and the conductor are simultaneously patterned.
20. The system as in claim 18, wherein the adhesive comprises at least one
of titanium and polysilicon and the programmable material comprises a

chalcogenide memory element.

21,  The system of claim 18, further comprising at least one spacer on a

second portion of the contact.
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