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Devi ces, Inc. Troy, Mchigan utilizes a
appl1cat10ns Since one or more electronic circuit elements are required for each memory

bit, these devices may consume considerable chip “real estate” to 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 transistor to store each memory bit. These classes of

memory devices are also relatively slow to program.

[0004] Phase change memory devices use phase change materials, 1.e., materials
that can be electrically switched between a generally amorphous and a generally
crystalline state, for electronic memory application. One type of memory 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
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material to its contact and sinultaneously

[0006] Chemical reactivity and delamination of phase change material is a
concern common to solid state and phase change memory devices. It would be desirable
to increase the adherence of phase change material to its contact and simultaneously

decrease the chemical reactivity of phase change material with its contact.



decrease the chem cal reactivity of phase change
material with its contact. 2 WO 2004/017437
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[ 00071 Additional advantages of the invention wll
beconme apparent upon reading the follow ng detailed
description and upon reference to the drawings, in
which: Fig. 1 is a schematic diagram of an enbodi nent
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an angled modification of the contact;

Fig. 10 depicts another cross-sectional view of the structure of Fig. 9 illustrating an area
of modification to the contact;

Fig. 11 depicts the structure of Fig. 8, through the same cross-sectional view, after
conformally forming a spacer within the opening;

Fig. 12 depicts the structure of Fig. 9, through the same cross-sectional view, after
etching the spacer;

Fig. 13 depicts the structure of Fig. 12, through the same cross-sectional view,
illustrating a self-aligned modification of the contact;

Fig. 14 depicts the structure of Fig. 12, through the same cross-sectional view,
illustrating an angled modification of the contact;

Fig. 15 depicts another cross-sectional view of the structure of Fig. 14 illustrating an

area of modification to the contact;



Fig. 13 depicts the structure of Fig. 12, through the
sane cross-sectional view, illustrating a
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cross-sectional view, illustrating an angled
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determine the state of memory elements of the device is described. The programmable

material reprograms to an amorphous and crystalline state with improved (generally
lower) power consumption relative to previous devices, achieved in part by modifying
the resistivity of a contact. In an embodiment, the resistivity of the contact is increased,
increasing power dissipation in the contact and increasing heat transferred from the
contact to the programmable material, thereby reducing the required programming
current and improving reprogramming reliability. In an embodiment, an improved
(generally less) chemically reactive contact is described. In an embodiment, a
programmable material having improved adherence (e.g. less delamination) to a contact

is described.



the resistivity of a contact. In an enbodi nent, the
resistivity of the contact is increased, increasing
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[0013] A memory array such as memory device 5 of Fig. 1 can be formed in a
portion, including the entire portion, of a substrate. A typical substrate includes a
semiconductor substrate such as a silicon substrate. Other substrates including, but not
limited to, substrates that contain ceramic material, organic material, or glass material as
part of the infrastructure are also suitable. In the case of a silicon semiconductor
substrate, memory array 5 can be fabricated over an area of the substrate at the wafer

level and then the wafer reduced through singulation into discrete die or chips, some or



of the array. [0013] A nenory array such as nenory
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[0016] Fig. 3 depicts the structure of Fig. 2 after further fabrication operations in
memory cell regions 135A and 135B. Within each memory cell region (strip), overlying
epitaxial portion 120 of substrate 100 is first conductor or signal line material 140. In
one example, first conductor or signal line material 140 is N-type doped silicon formed
by the introduction of, for example, phosphorous or arsenic to a concentration on the
order of about 10'® to 10'° atoms/cm® (e.g., N silicon). In this example, first conductor
or signal line material 140 serves as an address line, a row line (e.g., row line 20 of Fig.

6



substrate. Current state of the art photolithography
techniques utilized to pattern STI structures define
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[0018] Following the introduction of pockets 200, a dielectric material such as

silicon dioxide is introduced in trenches 190 to form STI structures 132. The superior
surface (as viewed) may then be planarized 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 STI structures 130 and 132.



and 145B of nmenory cell region 135A. In the case of an
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seare, af . £ St0p o ISCUSHY Sk SRR i oBp PRbPafEreah rpuigble

I {

mEfBRR o Bl LR R & (RO A SR SR SRS @)

one aspect, serves as a |low resistance material in the

?]L' cati ?@ ? alsE %@fél@ﬂ%éllecme ffatdHal 5Y0 {rﬁroﬁuced%q’gf 8 Siridgure to

uitr rcult structure on th eCIp
a ﬂﬁ&&l@is di the orded opl @ifs tct 51130@1}.5( sufficient tofbldzikgt memarfit QﬂllS 145A

th d f
RO TEC oy .
dfeﬂ:c&f&%natﬁﬁﬁszqo i3 nidfbriat QTec‘fédOIBr {t9FedRcS RS RS @Bﬁdu%hﬂ’ﬂy %

peration. I'n one enbodinent, a suitable nmaterial for
pf&éﬂfbl? g thathal taldudiBatyi lsssathati ﬁl(gpmbre:pmfdraiﬂy thireestodlf tanses less
silicon nitride (Si3N4). [0021] Fig. 7 also depicts
Kk§lb,£1 04 géneraieomrentivn, 310, amd Bighubaw wvalnestdnghe ordge ofi}.8. Thus,
to a thickness on the order. of 100A to 50,0

insagidition ter$iOz, suligblamaterips for @eléé‘lﬂlcénaf%%&z1QH%P?‘P£§’B°Se|mPtenals

t%ﬁ?\ﬁ: & vagpr%g ’th o 1eb € Elrt tt%&:]?g{anﬁé gfﬂygql@ l?agnn #values less

tHERU Y, wlu&eda%i&@&a{eﬁmsl Aéro?@ld Nefsbe! (ke order of 0.1) and their
conductivity, x, preferably a thermal conductivity
demedivehan KSi 02, nore preferably three to 10 tines
less 'Ksi02 As a general convention, Si02 and Si 3N4
have 1C val ues on the order of 1.0. Thus, )
[0022] Fig. 8 depicts the structure of Fig. 7, through the same cross-sectional

view, after forming openings 220 through dielectric 210 and masking material 180,
exposing contact 170. In one embodiment, openings 220 are formed by patterning of
circular holes etched through dielectric 210 and masking material 180, using
conventional photolithography and dry etching techniques. In terms of state of the art
photolithography techniques, circular openings as small as 0.25 pm in diameter can be
patterned. It is to be appreciated that, in addition to circular openings, other openings

such as rectangular openings could alternatively be employed.
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in addition to Si02, suitable materials for dielectric
materi al 210 include those materials that have ic

WO a00es87482Sss than 1.0. Certain high tenperat urBCT/US2002/025895
pol yners having K values |less than 1.0, include
carbide materials, Aerogel, Xerogel (K on the order of
0.1) and their derivatives [0022] Fig. 8 depicts the
structure of Fig. 7, through the same cross-sectional

(008w, af Hie- 9 deniein heoprFRR BSOS, thpbes fegrar éeas pectional
.210 [ [ t
YRR RN ld 6y PR 1, 3 il v
m&ﬁﬁbzﬁfdm dfgonthct 1G0roan laBb bh at@snEishékoh & fomeanghed manner. By
dielectric 210 terlal 180, . using.
"apglad i is Beant tl'fﬂtP BF’faﬂ’}gﬁ 'ﬂg‘b cgﬁla 081951;1 1 m%aﬁé)% is not parallel to
thé ﬁ %1 ﬁsamé &ﬁic%d"ﬁ qu ﬁtﬁrﬁlei;fwﬁlféethé‘hfodlﬁcatlon depicted by Fig.
oto ography technfques, circul ar openings as
9 ﬂlmntlrdttesamn@mﬁﬁmtmtmn athearmedteodsadmdskificatian can heamployed acluding,

be a |at dth i n,_addit to C|rcular
bus e oo P et oRietontast PR elifa e Sipe 70 gt
plahd. dhaby 8@5&%&5&1 %{hﬁé rBgstRi 0Py ektactd 790 2004/ 017437
PCT/US2002/ 02589 [0023] "Fig. 9 depicts the structure
of Fig. 8, through the same cross-sectional view,
[obhiqgst ratjyng AhdaRasR damedt i’i’(Pﬁ,trh&ﬁﬁ&f b R ARIngkRs 175 into
o be appreciated that the nodification of contact
cahT@t ¢7h I@hsmptaata@on@mﬂld@rpesﬁtlpnalaonm p;csgs;le@l anghavpids side

aifisian G et Aargs Shiontseon’? SR APlaatbr feguls iggartial

or édnﬂﬁété ﬁﬁx@ﬂ)hYza@%h Sm@k@@slu@gt 8@ résistivitd of Bontltr1t7b and intkdakidg the
the "nodi fication deplcted by Fig 9 illustrates_ ion

atiilifyl Q:,fmmttacthO to forat chestierd agmmurrﬁsdvlfh damp prodypedty ion

. enmpl,oyved i u :

il or s s, J O Ibe Hpbte (0hin EARIpbf itk Cosa

adl thBreb iritseiBe tHehedigbytyiofecostasti 179 chhbe utikiesl m«:htdmgafxygen ions,

contact 170. [0024] In an e{r‘oodl ment, . cont act 7%)7‘

nnﬁs@am jomg angl, car ’é’ﬁ? i ey sxample; mthe Gass thal saptagt 1 pootppgsed of
g{sbtlﬁlttl(lli)g %xgé%f {bAERithA%hd C8SB Ica&@@fh"e%mpiti%ﬁ'o? iRMlaftdegions

usi on issues. I npact damage t
ofbsmlz adthid ddhtdot H7AD |tberebymbma$1ag therresigtbatytad cprntapfalrmn al

ARy hep0RgRR ibArE e RS0 cREY L GRnBeky gEFosia

r%sﬁfatotr Qe di MBI apSormedRAH I Sonct 7t BABmpRhtaAdh fRVides
y 1on 1nplantation or other methods. lons that are

pregjsa ie thoft tHeorumitey of ivmp spasifiedydan fpe cogpspondingly implanted.

Further, the depth of ion implantation can be selected using conventionally known

._n

published tables and considering factors including ion mass, ion energy, and composition

and thickness of contact 170.

[0025] In an embodiment, as shown in Fig. 9, dielectric 210 serves as an ion
implantation mask allowing ions to be implanted in contact 170 or in a portion of contact
170. Most films employed in the semiconductor process can be used to block an ion

beam, including SiO, silicon nitride, aluminum, and other thin metal films.



and thereby increase the resistivity of contact 170

can be utilized, including oxygen ions, nitrogen ions
war@4o08mBhDN i ons. For exanple, in the case thaPCT/UR1082025895

170 i s conposed of CoSi2, inplanting oxygen ions

within the CoSi 2 causes the formation of insulator

regions of Si02 wthin contact 170, thereby

increasing the resistivity of contact

. 170. . -
[002dler nat ilnanpmbadisrent coptigely O is modalicd hygnpasiting agesishive
cont.act 17 0 . [ s L.at. ' :
N T
of . GIMi ch@scmfa6 66 Gtingami. MHehasistivity in setbeted lof speoifging a resistive
speci fied can be caqrrespondingly inplanted. Further,
ekl Ut ChRCS ReF N ALHET RO B RRIHRS QHTRLBEFIpInG voltage
b@%@t"ﬁf‘%ﬂe %‘i@z'[xérg PRI RS B chidiESa1anSiGRN S Ser i ng
ctors including ron mass, ion energy, and
emglsydpnsit} ¢omtact &F0thashi sekiee ssistince ofreeott 200@hnis0026¢0 olrms. Inan -

A TBE Qo SPER AT oAbt rtactaFY B oBRg of gontact
1% 641%3{9}%&&@ nE@HaR it alsb/Brigd &mﬂ@_mrstg&”e erfthgsCXPO} Gighificant

I''ns enployed in the sem conductor process .
cuzeent iseotiseuitedawlydoim arogrammalle amteriah 404, divap astudficiently high

sili.co itride, alunminum and other thin netal filns.
reéls’%yz‘gdﬂ? E?‘i‘fg‘é,é/mﬁ%f‘%szoozl 025895 [0026] In an
enbodi nent, contact 170 is nodified by depositing a
resistive, material aon con . 170...1 n an _enbodi nmen
[0(0%@ resi st AETROAIPFY cquasc‘i ﬁ ’éﬁ%qlﬁ?f??%&&?m%ﬁrgau%fl{ by
e)grogig% cORRAND AN Sp QISP td BElehist Dhé b Mtiviitel hitrogen, activated
el eCted by specifying a resistive material film

oxyger kmbammosise dibleynlasgaccheaicpdly reactsgyidnend dnesenspethe resistivity
eci fyLng vol t age r i
of B AN 8 s AR gk 0 IR GnOt o
aBTReeinBRAtion 6Dﬂig@ﬁﬁd 417 of thasbevesefdrared ariinidance of one
6f 200 ohns to 2000 ohns. In an enbodi nent, the
resistive material is formed on contact 170 or on a

[00RBf | on OftigC PO HESIELs addBer Abisheuithal eRivsdfithestrmingt oaFig. 9
is also fornmed on the walls of openin

s 220,
ilbisigating aneatea of‘m@di@mtiqnsto ﬁg@tagﬂgﬁtbé(dmg%gyng @175 at an angle to
rogr.a : . ; | i
LR U LI B IR ot g 17
sieraost tife perimeenbAcdntdct 070,swithid bpérsnig 230. phasrembodiment, modified

treatment. by exposing contact 170_wi t hi nin 20
aied 1 4 15 Bgasy TpFFeIsHIS AN S Teenender e@%‘%@?@ UG bodittent

programmable material 404 that undergoes a phase change is positioned on contact 170,
but not on modified area 172. Less programmable material that undérgoes a phase
change is therefore utilized, resulting in less power consumption and improved
programming reliability. In another embodiment, in which a non-angled modification of
contact 170 is employed, modified area 172 includes the entire exposed surface area of
contact 170 within openings 220, and programmable material 404 that undergoes a phase
change is formed on all of modified area 172. By increasing the resistivity of contact
170, the power dissipation and heat transferred from contact 170 to programmable

material 404 is increased which can reduce programming current requirements and
10



oxygen and ammoni a. The plasma chemically reacts wth,
and increases the resistivity of, contact 170.
wORmaovAaB7 the resistivity of contact 170 can BPET/US2002/025895
nodi fi ed using one of any, a conbination of any, and
all of the above referenced nmethods. [0028] Fig. 10
depi cts anot her cross-sectional view of the structure
of Fig. 9 illustrating an area of nodification to
ImpEPICa P STAPOiDY fﬁlwblllé)ht weherdrsingreasing theresigiyity of sontagtd 70,
LBk | [
thé cﬁ‘ém?al &Q}:‘ﬁvﬁg g? pott gr%e) gﬁ{&ég Braf atifet léolﬁl ﬂtgﬁgl ‘f)dé‘?‘%ﬁé’% éirecreased
an@fadhéxlahcaﬂif pfl:cYg“}arrmabm matepaMOddo BRGontant HH emdbedhereased.
nodified area 172 is higher in resistivity than the
remai nder of contact 170. In an enbodi nment,
[0929]9f amelige]l Naépidts tle shidétukdafl Figngiehgogls fle spin@eoss-sectional
ch anéye i s _positioned on contact 170, _but not _an
vigweaifar Sorming spacermateralA Q3 widhin epemings J30:and o) diglgeitic 210. In

oA ficht @?@%ﬁatelﬂi 409 % éo%f&ﬂlraﬁlgff&ﬁﬁe Uk lek 2B g}e by chemical
ess

0res ting 1 ower consu n an npr ove

vapop gépeition @f te&ﬂal-abylldrﬂyb sﬂhcratea(ﬂ(ﬂ@ﬂéronﬁ:ht) smhstrmm Atitlnis point of
whi ch a non-angl.ed nodi ficat.i . conta 170 is

faéﬁﬁart@?eiﬂacwtg‘l’lgﬁo‘é‘?ré 50199 | 7?] o 1ﬂ-arégpqq%gs ire

exposed surface area of contact 170 within openings

220, and ranmmabl e materi a ,404t at under goe )
[09R0K hﬁkgg F1§P1$t6 Fhﬁe%ruswr%ml Figy 1 3etropakgr Hategial 442 is ciched
toFbrh ﬁfeg%g}g %gtc Esprd@ea' rﬁ&téﬁfél&)}ﬁrtﬁ;ns Q0P Pirkide %Eéhm%mo. In one

power eat ansferred from cont act
erihﬁ’éﬁmentp sprgemmateliblel02rin kesotalpichlls ciched neing asisebdvtiéhe Hn one

e T VRS
qﬁa%ltﬂt}a@f'ﬂrb%r){mnﬁﬁﬂélﬂ%nalbmﬂ (P52, @85 b Eoritdte 17@Si stivity of

cont'act 1 the chem cal reactivity of contact 170
with programmabl e material 404 can be decreased and

@§ erencepf 1HHOYER @E@Qﬁﬁtﬁ@ﬁ?ﬂgah 4@14)u§ﬁ’ tHeh;ﬁnﬁQ:?Js@—%Ectmnal

0 can be |ncreased [ 0029] T1 depicts t
vieww;, ilbstratengof sekf-gligngd ntodifpagibn pﬁeorézaatrﬂ @r Beemodidichiggmnis self-

VI e\év'bp{nggatm%rﬁgogﬁhsﬁacg gg%giopgﬁtg?afiegmn In}]askw% Q tdbe appreciated that
AR SEHt conSRACRY caltcSydrRdkm4dEitlies beford @:rmk (ot Yottt efte and
for exanple by chem cal vapor deposition of

after) spacers I‘K)?A@FQ fromed| Ferhes, yintaie- 1rsheywe magsicatign ef contact
7 12(5‘ {ﬁ¥ g@@ 1on§ LI s a%&ghflleﬁ Qneﬂ%g%%? %ﬁ%ﬁh&hﬁ%@éﬁéﬁe including

deiepitiis Ih&tenﬁtdhmhtab‘elm an‘E]J aposidg edrtest 13pacensmat eri al
402 is etched

[0032] Alternatively, in an embodiment, ions are implanted at an angle to the
walls of openings 220. Fig. 14 depicts the structure of Fig. 12, through the same cross-
sectional view, illustrating an angled modification of contact 170 by implanting ions 175.
Again, it is to be appreciated that additional methods of modification are available

including depositing a material on contact 170 and exposing contact 170 to plasma.
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to formdielectric spacers (spacer material portions

402A) inside openings 220. In one enbodi nent, spacer
woraioe/01&B7 402 i s ani sotropically etched using BCT/UREM2/025895

etch. In one aspect, that will becone nore clear

| ater, spacer material 402 serves to reduce the

guantity of programmable material 404 (Fig. 16) on

cont act 170. 1] Fig. 13 depicts the structure of
[063Y Kigy b{@wlqtﬁ@l@mr@ﬁé@%w@ékwwﬂ he sjrugiyre of Fig. 14

lllﬁ%ﬁﬁ’rhﬂeﬁ%f?ﬂ B0 | QOFT PR, Rl A e 508 35
enfvdimany pragragmadbdsmiategpbb4i4athbiomderpks 2 phase shmtgebEposmoned on
cofPY BB i o etodlirares §72. s Prociigh i i 44 dergoes 2
ph?%]éo ﬁsﬁhﬁogﬁféﬁéﬁré‘%ﬁ rl%sﬁlﬁﬁ%’ﬁ{jles 7(5%{)6'? @Snsu\‘}g)‘tlloﬁ ahdl fngrdved

I catlon cont y inplanting ions
pragiamnzidgidliabiligy. net hods of nodification are avail abl e
including depositing a material on contact 170 and
exposi ng contact 170 to plasnma. [0032] Alternatively,
[0034]an entiigi Meddpicts trestractrd asfpmg.nliieafteaﬁntmduaimglpeogrammable
t he I'1.s.of openings 220. Fi e
el A0 tiR opsTERES LY, oh PR 1 e gndRlecbid 1l inone
il hﬂ 0419 pRBscahgh & amRHAl Q
Bt AT R AN
suble thap p pbysice eizatet (h@, cayhthline nmomf@uh)amg be fmcrdmﬂwcf Wlﬂatheo n

| abl di t |
sopffaReior b gmannt SLpEE g e o] FHect FRRALRTStL wo
CHARHE dshlerBisThd/arORe rg@@e@&%rmﬁl@ AR3nokinGto b&Bulldd for$his

anot her cross-sectional view of the structure of Fi

purgoseisieh thet chaloagenife matesialscanbaintradaesdom the selsitatecand on
0 an enbodi nent,
co%l?ag E] }W% Jggrrtg(%%; &%P@fi@ﬁ t%cﬁ{quh% der goes a phase
change is positioned on contact 170, but not on
i fied 17 S a
OfF8ler goos2a PbRe usRER EFRET GRS Be TR Flrpfalyndt
pro&@tinidblgmiaferiblesB!, pater mampaL40s is Gornasdbni pi‘@g@irmﬂable material

rogr mﬂngrellablllty [0034] Fi 16 deplctsthe
(gkqm%@pa fhucteyr41ig formred afltbémqrmaitwég%gn POt

PR TN -
barmter pragradivablampteaiabd@iadgendmtiar418l I hatmbadinent,
e el b Aol A La habier st 48 Sikapndpor 410 are
formed using conventional patterning techniques. In an embodiment, barrier material
408 includes at least one of titanium and titanium nitride. Titanium and/or Titanium
nitride coatings can be deposited uniformily on a substrate, showing good adhesion in
that they resist flaking, blistering, chipping and peeling. In an embodiment,
programmable material 404 includes a phase change material of a chalcogenide alloy and
contact 170 includes CoSi,. In an embodiment, chalcogenide alloys suitable as
programmable material 404 include at least one element from column VI of the Periodic
Table Of The Elements. In an embodiment, Ge,Sb,Tes is utilized as programmable
material 404. Other chalcogenide alloys utilized as programmable material 404 include
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application of an anmount of energy (e.g., electrica

energy, thermal energy). Chal cogenide nmaterials
whawig74she general forrmula are known to be suPCHDE®02/025895

for this purpose such that chal cogenide materials can

be introduced on the substrate and on contact 170 by

conventi onal deposition techniques. [0035] As further

illustrated in Fig. 16, follow ng the introduction of

Gaftbo §nSbaintst, 8bskes.<réTel Gaehb,TaSbde, Gatdc anShudes,lnSbGe,
f d, on r t ar al d duct 410
A (RS DB T S L Rl S 0 o dance i th

an enbodinent. Barrier material 408 serves, in an

OB B B AT L ST 1

mSRRAUOTRAH contREOIT03 T HRRhEzXyehe Blesdidd of SReLmattBidl portions
barrier material 408 and conductor 410 are forned

4024\ g .o sapeshithodimenpians el enieaings 820 gxrpse 8 firstioptgct area of
e j t ier ' 4 [ .
RO 10 Bl st 6 M85 R
expbéel iylipacdtinidtériie 40D ahd/ogpacamdrerid oeiionk 402 ANBY aiiffintiying the
on _a substrate, show_.ng 2ood adhesign in t hait t hey
queatity<qf progirmptblegnaterial40f fthe gRapHy ﬁgp@ﬂ@nae@? £ Fypteriah404 that

- . _ i 404, |
SRR IR S, o DA IR oy loy €y (3 Slt Sn Bontact
17008 stotwnl BPregion 406¢ & 16cdbiz2d. Regiam 4e6isbawnbetween spacer material
chal cogeni de al |l oys suitable as rogrammabl e .mat er i al
porfans 4 delings 3 ihided BHISRAZRE RS RnedPRIRR OUPRgFTETEble
ih 04 h&prokRanih ilit} BroRlarRIB Qi aFRASh d
mRE A4 AR A brobeink ‘Sggﬁfa?ﬁ%%bfe aad! al 404,
crgxthldine statd afpgegramisablel rogterial thOfi be genesal ghyolgralinvedihe phase
mat eri al, 404 include.12 WO 2004/ 0174 . .
CHBEHY BEbdE HERgs Faisa DY PropREmable maisyal 404 uring
{o8rh i And kéhdEe andIRSEIEver SoMANRbN rEHHOCE,
pAgl nSbng, (GeSnng%@re, Sbe(rSeTe) :@aﬁé Te81CGel5Sh2S2.
[0036] In the structure illustrated in Fig. 16, the
[0eg7f act aF@amti%;ﬂe@m@amm@of Fis! 6,iff0m 494y poEpedint,afier
170 is minimzed by the presence of spacer material
fopoing apsainga 2. Openiags 42petve, intane agpasbrie defae e x-direction
openi_n e -fihst t - ar
G0l SrraRE i 4% b Db 408 o oA
Obéfings 4131 set@Nintgiottaf egpect, B iscluredadididuyl mpaosy clameiets fram one

402 and/ or spacer material portions 402A,
anthar @ MeHgs pgﬁgciated circuit elemegts (e.g., transf‘istor dev?é/es) formed on the

substrate. In one embodiment, openings 412 are formed by patterning of openings
through conductor 410, barrier material 408 and programmable material 404. The
patterning can be accomplished using conventional photolithographic and etch
techniques. In this example, the etching proceeds through conductor 410, barrier
material 408 and programmable material 404, to the exclusion of dielectric 210.
According to current photolithographic techniques, a suitable feature size for the x-
direction thickness of openings 412 include as small as 0.25 pm. Fig. 18 depicts another

cross-sectional view, from the yz perspective, of the structure of Fig. 17.
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quantity of progranmable material 404, the quantity of

progranmabl e material 404 that wundergoes, for
we@npla37 a phase change fronfto anor phous andPCT/US2002/025895

crystalline on contact 170 (as shown by regi on 406)

is |localized. Region 406, shown between spacer

material portions 402A, defines a limted and

| ocal i zed_progranm ng regi on of prograpmable  material .
[0838) addi Fig- 1Dshoes the wcgtmﬁﬁg- A8 aftghiormyng dilgelrig epterial

t . -aldibn 0
A BRGEAR DR RS NP RS Bl ol SROCH ARl ble
maeateenighatas éamel @easonduotaritl Oits eleetyonicaly isdin@wghductor 410.

rlllein e Taraeions SelsBiismeH i 9 DTSRG 8 Y dormed ina
pdHin ofthe $80L G Thidigh faie!éé&mh@teﬁm, A9 dieiegmcfm%hm 19yand

perspective, after orm ng openi ngs 412. QOpeni ngs
dislectvie materia) 180 e prntact 170 Hed vines filed wittlicondictiyematerial such as

t hi.ck s pf, pr.ogr a bl material 404 .barrier.. . .
tupgite L) D AHAT BARHALTER 294 6omDwaHoR PERALpET i) apd titanium
nitrileAMAN €T ecBBidBES for introdfeihgRIdcRed Mhkbvial 4 108 _Mﬁrbhég and filling

el enent's fromone another as well as associate

canidnefivetvias, endplesar{zangare knewn s thoss skdbed indby atohesgrustire
sﬁomygabgaz%oesho{vg ag&ﬁgr?ﬁ%&%d'égo'}to’r ts%?lgl[]%ﬂgrﬁat gl A4 Formed and

ternrng or openi ngs conduct or

pAttbthedha ititr6F thald ffohahcték(s siimel RiioahRAREII0N e/Ftrewiliak) formed
404. The patterning can be acconplished usjn

or yivane il8RaMippoeRIdieRb brapRicEabilf BirEns C‘?Ié’élﬁ%’if quggnal line
m!a{érigm aﬁ?&j%&ﬁ)%ecf % it s%?ﬂ%ﬁegrﬁg nﬁﬁlol%r{hrogﬁ%g}ee

conduct or arrier mteria progra
comdietiveatia. 4B mitrorih$ e depa sesiiamdoétorsiehas IN-type2ilizon, mirror

Accordj.ng to .current photolithographic techniques, a
C%@Pi’tﬁbil’ée ?’é’&f‘ﬁf@“sﬁﬂé‘@s’fl& 0 ﬁ%’eﬁ‘g t‘d%&%‘? tﬁ’ﬁ ﬁeSH‘ﬁﬂl?E gEguductor or
si%ﬁal TRE MG $4@id NleHIBy APayS SN as@Serforg 2@y Shllfktraldd in Fig. 1.
epi cts another cross-sectional view "fromthe yz
Apertae otateria] fayfmitriee centdugior linemeferial 414 mglud¢gan/guminum
2%04(301 437 PFT/.USZO%Z/ 025895 [0038] Fig. 19 shows
MR YT S B PEY Y8 after forming dielectric
material 412 on conductor 410. Dielectric materi al

is, far I Si 0 . other suitable ,.material, . .
W09 T ¢ Bl 2085k B mnethof i Foite EPoeRiRrtipigors device in
adcdRlafbSwaR A embBdinfeh).  Fol | owi ng the fornmation,

dielectric material 412 is planarized and a via is

formed in a portion of the structure through

[0dia6] ect i PumRk elsiRbicfthdn Fik. 2168 hehfor VB8 sith a8 H¥moddevice 5
(Fig. 1) wherein the individual memory cells have a structure similar to that described
with reference to Fig. 19 and the accompanying text can be incorporated info a suitable
system. In one embodiment, system 700 includes microprocessor 704, input/output (I/0)
port 706, and memory 702. Microprocessor 704, I/0 port 706, and memory 702 are
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.
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dielectric material 180 to contact 170. The via is

filled with conductive material such as tungsten (W
wa@pe4aidarrier material such as a conbi nati on PET/US2002/025895

titanium (Ti) and titanium nitride (Ti N). Techni ques

for introducing dielectric material 412, form ng and

filling conductive vias, and planarizing are known to

those skilled in the art. The structure shown in ié%
Migopiogessedeviitgs p dptgmeard O METmOrn Y Voby s5ngig ouf pp gddress on
ter] for ' :
QR AT IO SR oE AR R bEAFYy F12ahd Sndhilh prinogy wrie
sifyil beghemory B02st ca@itel BRO714M IO port 666 duwttloned ko erarple to at least
material 414 mirrors co duc%gé or signal |ine
oneefdppud deviad 7 hend @%WLE%V@B » conduct or or signal
line material 140 through the conductive via. By
mrroring a doped sem conductor such as

€ -fype -
[0941] con, Hevingdiscloseiersmmlary cRPOfRcars, &°§ﬁ°&ﬁ%%% {rgvariations
m'gn b2 ﬂleadg‘?cf)l%{é .tdiscfo%e(! g‘rﬁﬂ&?m%kg WiSR rén Within AROYKECInd scope
signal "Tine materral 140 1n a nmenory array, such
ofihie RRBiOn & defivied by kHelmpipeadedctlaimsFi g. 1. A suitable
material for mrror conductor line material 414
i ncludes an alum num nmaterial, such as an al um num
alloy. [0039] Fig. 20 describes a nethod in formng a
programabl e nmenory device in accordance with an
enbodi nent. [0040] Further, as depicted in Fig. 21, a
menory array such as nenory device 5 (Fig. 1) wherein
the individual nenory cells have a structure simlar
to that described wth reference to Fig. 19 and the
acconpanyi ng text can be incorporated into a suitable
system In one enbodi nent, system 700 i ncl udes
m croprocessor 704, input/output (I/0O port 706, and
menory 702. M croprocessor 704, 1/0O port 706, and
menory 702 are connected by data bus 712, address bus
716 and control bus 714. M croprocessor 704 fetches
instructions or reads data fromnenory 702 by sendi ng
out an address on address bus 716 and a nenory read
signal on control bus 714. Menory 702 outputs the
addressed instruction or data word to m croprocessor
704 on data bus 712. 14 WD 2004/ 017437
PCT/ US2002/ 025895 M croprocessor 704 wites a data
word to nenory 702 by sending out an address on
address bus 716, sending out the data word on data bus
712, and sending a nenory wite
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signal to nenory 702 on control bus 714. PO port 706
is utilized to couple to at |east one of input device
w(@o®4armd3put put device 710. [0041] Havi ng di scPOBES2002/025895
exenpl ary enbodi nents, nodifications and vari ations
may be made to the disclosed enbodi nents while
remaining wiwthin the spirit and scope of the
i nvention as defined by the appended clains. 15 WO
2004/ 017437 PCT/U82002/023§%§@4 AIMS Wat is clained
is: 1. A nethod conpri sing: ing a dielectric on a
contact, the contact fornmed on a substrate; formng
an opening through the dielectric exposing the
optact: .nodifying the resistivity of the contact;
“ﬁﬁfﬁfﬁﬁmgdﬁ¥ogrannable material within the opening,
the programable nmaterial on the contact; and form ng
a conductor to the progranmable material. 2. The
Let hOdn@hoE¢ERPRSING f ur t her conpri sing: forming at

| eas i Yt QRO Srfeli@h of AbfiAg t he
openior%%@ggﬁ&c%eﬂﬁ g{‘zg’?tlér)i C ecxposieng tahe con?act
and forindg 4roopeniligftiriongh tHealielectiis Expasing thé contactcont act .
3. The net hod of. ¢l.ai : erein nmodi fying the
resi§Pﬁ¢?ﬁ§ﬁﬁ*%ﬁﬂ34%§géﬁf&ﬁﬁﬁnprises at |east one of
i mpl k0, § (%ﬁmi Hile WiCerbPRiBEL the SpHABS, thd o abA¢ material
on tﬁdgﬁﬁl{ckgan#lg t, andet reating theecont a%t érv&gft pl asma.
od theldoatanptahdd of claim 3, wherein inplanting ions

conpri ses one of i antin I NS .qormal incidence
to alUPHREREo C‘Pﬁﬁgjtk‘S#?f"a%%“&?@Sé%%&%% t he openi ng,
and inplanting ions at an angle to the surface of the

contact exposed to the opening. 5. The nethod of claim

23, whke siethadmficlaimi In furtheh soBPAYRS'ses enbeddi ng t he

cont get i 1 198 o AP it fhk b through
at | %&?n%%tge%s?°%%< té‘g% ‘?igtﬁg?{en‘lgt r ogen [ ongyéand 0gar b%n s
thei8lectric exposing the contact and prior to modifying the resistivity of the contact.

3. The method of claim 1, wherein modifying the resistivity of the contact
comprises at least one of implanting ions into the contact, depositing material on the

contact, and treating the contact with plasma.

4. The method of claim 3, wherein implanting ions comprises one of implanting
jons at normal incidence to a surface of the contact exposed to the opening, and

implanting ions at an angle to the surface of the contact exposed to the opening.

5. The method of claim 3, wherein implanting ions comprises embedding the
contact with ions at a predetermined depth utilizing at least one of oxygen ions, nitrogen

ions and carbon ions.

6. The method of claim 3, wherein depositing material on the contact comprises

depositing a predetermined amount of material causing the contact to have one 0f200
16



6. The method of claim3, wherein depositing nmateri al

on the contact conprises depositing a predeterm ned
wa@pwdo1746f nmat erial causing the contact to haveCDN8200£/025895

200 16 WD 2004/017437 PCT/ US2002/ 025895 ohns to 2000

ohnms of series resistance, based on a predetermn ned

current through the contact. 7. The nethod of claim

1, wherein formng progranmable material within the
olapeie 290 ebms ol saiesirefisiancg, kasedon & pirslisicamined pyrrgnt through the
c£%§£ent wi thin the opening. 8. An apparatus

conprising: a contact on a substrate, the contact

having a resistivity nodification; a dielectric on the

contact, th ie|lectric having an openi ng expaqsjing .t he
T-cont &g r;nethsg ;S’S 6§ b E P ERE Ao PRI kAl Wijun the

o A A LSy I BTy A WA GFening
material. 9. The apparatus of claim8, wherein the

contgﬁt conprises.ane of a uniforny nodified contact
-and AtPPIYYSRSYBRIFBS fi ed contact. 10. The apparatus

of ¢} abrdh@ on'WiEb&idik, ool Bflind' A Sesiivitf aRidiRAB R
inmplanted ions, deposited nmaterial and plasma
t r eat distectricldn th¥ hentagpte dialectind having an ageninghenpesing theecontact;

inplanted io conprises at .L.east one. of,. oxygen iQns .
i ©r SEREs R BSfhef ol BBl e BIEAmb e Fiateria
oitRAsh@cthA®d depth. 12. The apparatus of claim 10,
wherein the contact having the deposited materi al

conpf Perdicter dmeaniact Withiheprogragapalde magasiabt ance of one

of 200 ohns to 2000 ohms. 13. The apparatus of claim

8, wherein the programmable material conprises a

9.chal Thgappacktusaiobdiyn & veeesih thelobntabt ypprises ondpf 4 edifogmly

a nj croprocessor; ni ut/ouytput (1/0 ort; and 17
modirHed coretact and a rEng—s ape I’FIJlOdllﬁeH cFantactg ) P

8

10. The apparatus of claim 8, wherein the contact has at least one of implanted ions,

deposited material and plasma treatment.

11.  The apparatus of claim 10, wherein the implanted ions comprises at least one of

oxygen ions, nitrogen ions and carbon ions, embedded at a predetermined depth.

12.  The apparatus of claim 10, wherein the contact having the deposited material

comprises a contact having a series resistance of one of 200 ohms to 2000 ohms.

13.  The apparatus of claim 8, wherein the programmable material comprises a

chalcogenide memory element.

14. A system comprising:
a mMiCroprocessor;

an input/output (I/O) port; and
17



WO 2004/ 017437 PCT/ US2002/ 025895 a nmenory including a

contact on a substrate, the contact having a
woeaumi43ity nodification, a dielectric on thePCDOBZAO2/025895

havi ng an openi ng exposing the contact, a

programmabl e material formed wthin the opening and on

the contact, and a conductor in contact with the

programmabl e material; wherein the m croprocessor,. the

UO pon¢monridcingiogmmontapt en esuhsipiecthe gompcthavingiagepisiavity

d . . and . .
oA Ry g B DA
pré@afnaiable/materigi foireel wahinahé opsthgpand oipths bayted, amidi danddctor in

contact. 16. The system of claim 14, wherein the
con@ntwﬁhthﬁagomﬂm@&iqmé%abf i mpl anted ions, deposited
mat er al. [
o, Bt iR B TR por b tIORAE AT El Y
da0f buspxy ghlreds®us anda totgdibus.ons and car bon i ons,
enbedded at a predeterm ned depth. 18. The system of
claim 16, wherein the contact having the deposited

t oy (?%ﬂ'ﬁleﬁ HeRIM AfelcoRBY A Rise€bESE a uniforml

1?25?@%%8%&% or%e of 200 1ohmscot o 2000 ohnms. 19. The Y

meyificé tomhctahdiamingshapdiemedified bentpetogr anmabl e mat eri al
conprises a chal cogenide nenory el enent. 18

16.  The system of claim 14, wherein the contact has at least one of implanted ions,

deposited material and plasma treatment.

17.  The system of claim 16, wherein the implanted ions comprises at least one of

oxygen ions, nitrogen ions and carbon ions, embedded at a predetermined depth.

18.  The system of claim 16, wherein the contact having the deposited material

comprises a contact having a series resistance of one of 200 ohms to 2000 ohms.

19.  The system of claim 14, wherein the programmable material comprises a

chalcogenide memory element.
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