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PROGRAMVABLE DEVI CE  FIELD [0001] Progranmmbl e devices, includi {@ﬁa’s%
a

change nmenmogy, deyhees ( that can be programred by nndifyiﬁﬁ”pﬁ% e of a
phase change material. BACKGROUND [0002] Typical conputers, or conputer
rel ated devices, include physical nenory, usually referred to as main
menory or random accesgniEyos WATERAN) FOICPRECRAMMARLERPEILCE nenory that is
avail abl e to conmputer prograns and read;qﬁig menory (ROM is nenory that
Is used, for exanple, to store prograns that boot a conputer and perform
di agnostics. Typical nmenory applications include dynam c random access

DRAM) , stati d g RA| I
g ol y ominopi] EPROVPIOSERImePEas e 13 e abrad SRaRds heRf iy RIS |
- memory ( EEPrRCO)maé cgg,%oéh{ot%%&%éd 8l ndmRRIy rdaNhres 4 pismtiangenprisyial.

m cr o- el ect ITC el enents for ‘'each nmenory bit (e.g., one to four
transistors per bit) in nenory applications, Since one or nore electronic
circuit elements are required for eaBAGKPRPYNRt, these devices may

consune consi derable chip ."real_e te" I hd i i 1 odamahy Si0al
which linits (#92densit Y&fcaécﬂﬂ}%ﬁ%/%'gh%’%’%ﬁrﬁg r%'ra?er?gér%“@éhsdﬁﬁoé?i*e"

menory el ement_ of ' am @8 BEPREMdort gpiassl MGTMERpl oy a
y ol SapafiptdiEREd 18usnam memors gpiassi MGMeRpl oy

floating gate transi stor device that ha lim¢g
r e- progr amabi(Riaty). aBenetallg RAM tsmemanatiyd HAvE IPgE% %OrBPU‘F?gJIr%QTgP}Se%?d
transistor to store each nenpr it l f8f eXBABlY taleorEes are
also relati vée@d'ﬂﬂwwg&dm?'s[ @Smﬁhﬂéﬂéé ange nenory devices use
phase change naég{gn?g FhatiboBt a cdﬂﬁé@téi ahs petfatm chayrosties.edyPICETPYON t ched
bet'ween a genéplI Iy "anmor phous and _a general ]I% crystal Wgtﬁé&,rﬁ%m
el ectroni c nempyicatgis matiderdyr@feictigpdomracc ﬁﬂ?‘%)/'”%rlye( tori gl ngla’:RyOM)
devel oped by Energy Conver si ' Slab@ e adlemy mdvharyi( '
utilizes a phﬁéeéﬁmo%@?‘g%e%#%?%eaéﬁ rea, in one appl Yﬁgé %
electrically sleqchg[léggicgqymme progratnmablesead-onbf MEEHEY & {:/’ )‘phous
general ly crysa[a I'ne | ocal order or between different detectable states of
| ocal . ; aro- i

[0003) Solid state memory devices typically employ micro-glectronic

circuit elements for each memory bit (e.g., one to four transistors per bit) in
Since one or mora electronic circuit elements are

emary applications. ! |
i . iderable chip

required for each memory bit, these devices may consurme cons!

e" to store a bit of information, which limits the density of a memory
ces, such as an

“real estat .
chip. The primary “non-volatile” memory element of these devi

EEPROM, typically employ a floating gate field effect transistor device that has
l 1

limited re-programmability and which holds a charge on the gate of field eﬁec!

tranéistor to store each memory bit. These classes of memory devices are aiso

S

relatively slow to program.

[0004] Phase change memory devices use phase change materials, ;.e;
i ous an

materials that can be electrically switched between a generally amorph

ctronic memory application. One type of

Conversion Devices, Inc. of

4t can be, in one application,

s and

a generally crystalline state, for ele
memory element originaily developed by Energy

Troy, Michigan utilizes a phase change material th

hou
electrically switched between a structural state of generally amorp
detectable states of local

generally crystalline local order or between different

e spectrum between completely amorphous _and :

order across the entir




order across the entire spectrum between conpl etely anorphous an

14/ 02/ 2007 WD 2004/ 017438 PCT/ US2002/ 025997 conpl etely crystal |Jr4ré08t/a&%%7
Typi cal matggialmeystabl e for such application include PCHES0AOPPPTZI ng
vari ous chal cogeni de el enents. These electrical nenory devices typically
do not use field effect transistor devices as the nenory storage el enent,
but conprise, in the electrical context, a monolithic body of thin film
chal cogenr de mat e Hi chBon
required to sEB8YE Eégﬁéf Ctry%tfaﬁ'fqﬁr?%%tlr?%t |T§ﬁﬁéél eért% Iﬁsgpga\s}?l%?ﬁgs? aarli|Fﬁ‘her ently
high density; d’gm}%’]y\o@@Lnﬁ“zm@h.@r&tuatcerabdm@egeﬂendememw sThase eedHcel ul y

non-vol atile in when set in ertheréei ﬁ%stalllne secrg ff\%tallrne
amor phous, or msEwORY Wqﬂnwaw&v%f}téﬁﬁé’ HEITRG ENsIRYINES FalGe, t hat
value is retained RS ﬁtth\éaéréem&@rproemt@mrmhmccal
state of the Hﬁe[rg?'k}r%tb egef&,QFrF%%;t stall ”T?éﬁ”eééc:r anor phous) . Thus chang
memory mat eri abay ben‘ruesfentchalcogregrda‘mmﬂah ﬁﬁra)iﬁéﬁﬁn‘terb/r'iﬁﬁoﬁl’@/b‘{g 69 %te IS

menory. [00051 One characteri.sti.c. co gphange
“nenory devi Cegeqtgrqu,qtefﬁ A oI Jrioimd NHD% ‘bg{:‘?s"? ‘rfg%’? @rf% %fé;rﬂ 81 phous
and crystalli %ﬁ i & p%‘serTh@‘éPJtetdh%ﬂgé h@at@h@!@%r@Iaa:rmgmiymbervcwtliean
fail to relrg y reprog omto an anorphous and a C@(_'stallrne state.

Factors that tgsnivhihuget in ertmerea;ewtﬁtmﬁ@mré:%ﬁaﬂia@t%’ﬂp oS Pt lbe

del t f ph h t f |
aﬁdahmegéjl ! gﬂd%mﬁgggﬁg( e}%gggpereg% rég éﬁéﬁgga%retgﬁleaﬂ%ﬁ}z& V\Vf?:rtir.héc s r@ia‘ﬁ%@@htr! ons

materials. %ﬁr%é?arﬂﬁné&eéé [RheIIDrepressRas D hicapsiats aﬁmw@ecryb(eegr ife
of the phase ¢ e menory material and avoid the above-stat @e’ﬁPFegE%

BRVEF DESCR P'Eh@’Natﬁ}Fe DHENRRANBNES [os0EhaaavhANSE Q€Y AR
becone appar ent on readi ng. _the fol | ed description and upon
reference to tsl*ﬁé“dﬁ%'rﬁﬂéov W'ﬂ(ﬁ?ﬁ J@Y’[E%%BW schemati ¢ di agram of an

enbodi mrent of an array of nmenory elenents; Fig. 2 schematrcaII?/1
illustrates aj s- sectq e ahaplcamticsictemendw sofid atae Bofl GHase change

seni conduct or su‘%@trate havi ng di el ectric tr nches [
a z-directionmembokdewsesis Ig%ﬁe%@erose?mm%‘? %(%@? H&%@mﬁ&aﬂ%{)ﬁ%@gﬁggdﬁh&gt

of formng a Crystafite ek SIEH Ak 2o9aAhE A€ phase change material can fail to

reliably reprogram from/to an amorphous and a crystalline state. Factors that

contribute to these unfavoratie characteristics include delamination of phase

change materials due to stress of film depositions and heat, and intermixing of

.phase change materials with adhesion materials. Itwould be desirable o

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 apparen
o the drawings, in which:

t upon reading

the following detailed description and upon reference t
Fig. 1 is a schematic diagram of an embodiment of an array of memory

elements;

Fig. 2 schematically illustrates a cr
ing dielectric trenches formed therein defining a

oss-sectional planar side view of a porticn of

a semiconductor substrate havi

diment of
2-direction thickness of a memory cellin accordance with one embo

forming a memory element on a substrate;



2 14/ 02/ 2007 WO 2004/0 1 7438 PCT/ US2002/ 025997 Fig. 3 depicts th?
structure of Fig. 2, through the sane cross-sectional view, H%I"B%‘qu 2007
i ntroducti oRy@inegdepasd s to forman isolation device for aPqH ry  ‘él'enent;
Fig. 4 depicts the structure of Fig. 3 after formng the trenches; Fig. 5
depicts a schematic top view of the structure of Fig. 4, Fig. 6 depicts
the structure of Fig. 4 after formng contacts; Fig. 7 depicts the

structure of Eig. S S GE R OB BoIRErT tHeormmhe wicmarsechdn@vidvor m ng
a maski ng nat glr‘g'a?%gﬁﬁr%?g( 3

ectric material: Fig, 8 degi ?ts t he ;%ructure
of Fig. 7, thrgeghns rerchntotcbdepadete b am%?“%@%vée B P G &
adhesi ve on the dielectric; Fig. 9 depicts the structure of Fig. 8, through
the same crossle@€ftional view, after form ng an opening through the

adhesi ve and E? gio%lpﬁqg o RXR0s OFighé afteofomeing te Yendi®sdepi cts t he
“structure of ig'. 9, through the sanme cro li}-ﬁsgcti onal rF{i eg, after
conformal |y f dligi AglepidpacanematinitAP VY 8 B"%W&Q; Bhé adhesive; Fig.
11 depicts the structure,of Fi HOMa) (EHRIng BBt HSS- sectional view,
after etching Ft'EeﬁsCf%Eé%? ;th‘?iic’g'l."&ﬁfﬁelgfegggt“s t he sarrg cross-sectional view of

the structure ,_q& Ei&pié{éﬁh@-g{r@éturé of Fign &, throgghtnmbime rmiees $ealona! Halr i er
~and a conductor? Fig. 13 depicts the sa 0SS: sect] Egl vi ew of the

. Cl.
structure of Fifger falningfa EﬁSk@théﬁ%iahé'qgﬁé{'ﬂ%&cdﬂﬁ%ﬁ mat eri al b barrier
and conductor;_Fig. 14 depi suSRGhe oamk crbessadtionhkview,
structure of Hiig: 1@,9'%3&%@aﬁgg‘?[@fg@fﬁéqﬁaﬁg cross-sectional view of the

structure of Fag‘%r f@,ﬂ—ngn@fé@édhémefbnghadiﬁiecttéc:tri c material and a signal
l'ine; Fig. 16 depi

cts the structure_of Fjg. 7, .t S8R nal view,
crass- sect i onafigviSedepictafthe strpeih ﬁ‘ég% dog'%fﬁi“ﬁa tﬁ%%ﬁ‘%h&?ﬁ%%, electr lsfﬂcﬁ
exposing the contact;. Fi depi ntthe sshedskwre the drélgctlié expeioade t he
sanme cross- sec¥i® Qfm{ﬂge%,‘ O&%?!ﬂgﬁhf orm ng an el-ectrode on the contact; Fig.
18 depicts the.giiggeture of Fig. 17, through the same cross-sectional view,

g; t te Lef ormng gigcfi‘l%l deg;;iétiscthie gtrtugteurg %?r%w.gsﬁ‘iqr%qbwmé! isDehAcies-seara vigart i on

| | “after conformally forming a spacef within the opening and onthe 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 programmable 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-sectionat view of the structure of an'. 13;
Fig. 15 depicts the same cross-sectionat view of the structure of Fig. 14, after
* forming a dielectric material and a signal fine; o

Fig. 16 depicts the structure of Fig. 7, through the same cross-sectional view,

after forming an opening through the diglectric 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 th

after forming a dielectric in the opening and _removi_ng a

e same cross-sectional view,
horizontal portion of the

~ electrode;



el ectrode; 3 14/02/2007 WO 2004/017438 PCT/ US2002/ 025997 Fig. 19A - F/ZQ
19E depict the structure of Fig. 18, through the sane cross- sec]t‘?téﬂal 007
view, showi g fohgeesmati on and patterning of an adhesi veP@HHSH02/023997
programmuabl e material; Fig. 20 depicts the structure of Fig. 19E, through

t he same cross-sectional view, after the formation and patterning of a
barrier on the programmable material and a conductor on the barrier; Fig.
21 depi cts thepgt nagl Uy, abERidpic2Pe Sthicaughf Fiig. hmwroogbsise saweiwAas- vi ew,

after-the formatihon of & dielectric on the conductor, t{he formation of a
via, and the $estivaal vawoshawEiggng formakionand Rattamuieet 77 adnesiye agg Hepicts
one nethod of form ng\a%lner%érya device having a structure simlar to that
descri bed by FPGIrAH %_m (Jépi cts another nethod of formng a nenory
devi ce havi ng gigs ousdpigte the sirutianre tob Figuat9 & dsmnighdble bymiei ggospsectiandiFi g.

S or o ¢ havioWesBE BedoryeENe 350 MIETITg SRPHIY Shie BedRrpRib " ©
DESCRI PTI ON [ 00 . _ ' d i bed with f t
[ {n%@réé?:‘é%m Etﬁﬂhdtfd@logh WEObarfre described wi reference to

specific conf ions. ose of ordinary skill in the art wll . :
appr eci at e t hafjq/@ri @affictschasgestumadf gl 20, ¢oughdhe aamsecrpddieewianad view,

remai ning within the scope of  the appended cl ains. Addj f] | LYo i

vel | - known el eriientee faupatiasof %gl'ﬁiﬁﬁfg‘ﬁt@, ﬁ@ﬁ%@f’{g@f : tﬁ?g‘é@%{@téefpaswghg e
i ke may not bg s f LI hk dthedigigEtrfc® avoi d obscuring the
I nventi on. [00%16@?%%?{%%' n@‘g%e-rrerrprty devi ces, an adhesi v? if not

utilized betwegy) 22 depittasmenhatiye abioeming 2 FRMen«layicscha e a Y ClEe i n

part, the inpact that the adhes|ve..hag.on the device. However, w thout an
adhesi ve, the Smﬁﬁéﬂ?ﬁtairdﬁcﬁ'ﬁ‘fbi}dg' is'pr ocessing of nemory devices is

limted since cfemperalitcoRiiasheiranesinningea mamelyliavioadiaing atssLater
mat er

t he phase chang ral and at | east one of the electrode and the
di el ectric. Fugiitr to Wiathiescribed bydfigsi2¥eand he t hi ckness of thin film

deposition is IFiigrrizt4e epsxétgco%essljy%gl%ugﬁbo&jnhéﬂt including a memory having a structure

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

DETAILED DESCRIPTION
[0007] Exemplary embcdiments are daseribed with reference to specific
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, N
) " components, circuits, process steps and the like may nat 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 processing of memory devices is limited since
| temperature effects adhesion (e.4., delaminati_on) between the phase cl‘1ange
material and at least one of the electrode and the dielectric. Further, without an
" adhesive, the thickness of thin film depqsitidn is limited since subsequent film
depositions add stress, potentially causing delamination between the phase

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

4




depositions add stress, potentially causing del am nati on between the phase
change material and at |east one of the electrode and the diel ect4/82/2007
14/ 02/ 2007 wHGhRAA5917438 PCT/ US2002/ 025997 [ 0009] Cur r dATHp202K2¥ her
menory devi ces, an adhesive is utilized between the phase change nmateri al
and the electrode, having a deleterious effect on the programm ng of the
phase change material. For exanple, in the case that the adhesive is
hi ghly conductive, the adhesive can effectively short out the phase change
material (when in a highly resistijve am)rpgous st at e& E%% Shlgrl'%%é'g t he -
contact to tH®08} yst al CLAENPHASORELRGERALEVICEP. 21 AdNFRIVE B8 FRAt  t he
adhesive is jnsul atj it b Ak i priekRt&muss

L %weﬁ@gg ﬁgﬁ{gggﬁ%ﬁal ¥hd Yne EBEOBDIRVIRY

encount er ed, °R adds additional resistance in series with
the crystal Lijaq g veranyednpimgse! tephpsemittageanatefieb 1Gjor RERTRE: I0 he

tly k devi i nt 1.X1 f. t Lve : h
mat er | al  cancasBA MR AnSYS BubBRBeC e e A T B Y BRI SR e
Such interm xi,aeGaseshod MERIEMIRETIN Shigheresistivbampiaces ctateigsy
erore,

material. Th the choice of adhesive utilized is limted, or
restricted tghatihgihs eohlzat ta thei aystallimeaasgi dignge raatgrigbnintbageraiiate.

[0011] A nenory device utilizin rogra | _ Lal,.t mne the
state of mnﬁ@a@%'ﬁénwlaﬁmqﬂgﬂ% ﬁdggggg’cgﬁgébﬁtgt&ro g%ﬁgr ams to an
amor phous and, Gl yRLAL kel ahe adesiviera dutiorapeystdaue dbsaies with Hes
provi des inproved device reliability and inproved programmble cycle life
relative to prewlinspogramerd prashepangenmg &odi ment, the apparatus is
mapuf act urabl e with conventi onal process toolsets and facilities. (0012] In

an enbodi ment, an adheﬁg\ﬁﬁgtﬁ%gph%hﬁ?gn%;\%ﬁ&ghﬁn%mﬁﬁg Ghangeamier i al

and the diel &9{193 c. In concerns of el amnation of the

phase changeaﬂ?t{ﬁé bikse BRhRIE MABKakddrealss conuprogrzeeniTRg MEFe el B e
change material, and interm xi ng of the adhesive with t%”ﬁ@gmecgﬁﬂge
material is bagher dbinperaiw@sniTHan PEIMIYe8 £8P GBUGS 3 PIORGWE A SEhemat i ¢

di agram of an, enbodi ne A THRIR FNB AR ive utdizpt iy ihitey, af
nenory el eneﬁpgs%f;gga%%é}?q%ﬁ%' fornfedéeia{ﬁgﬁe context of the description
provi ded her eidiricted tbhidheekanthberedsie intermixing at a given temperature.

(0011} A memory device utilizing nrogrammable material 10 determine
the state of memory elements of the device is described that reprograms to an
amorphous and crystalline state. The described memory device and method
provides improved device reliability and impioved prograrmmable cycle I.ife

} relative to previous devices. Further,inan embodiment, the apparatu; is

manufacturable with conventicnal process toolsets and facilities.

| [0012] in an embodiment, an adhesive is utilized between the phase

| change material and the dielectric. In 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]A Fig. 4 shows a schematic diagram of an embodiment of a
f a plurality of memory elements presented and

‘memory array comprised 0
. in this example, the

| formed in the context of the description provided herein.

circuit of memory array 5 includes an xy grid with memory elemexjts 30

5




circuit of menory array 5 includes an xy grid with nenory elenents 30 5

14/ 02/ 2007 WD 21104/ 017438 PCT/ US2002/ 025997 el ectrical Iy intertdhfeot2007
in series wwdzongel7adsi on devices 25 on a portion of a chrpI/USMOI/ESH7 i nes
10 (e.g., colums) and 20 (e.g., rows) are connected, in one enbodi nent,
to external addressing circuitry in a conventional manner. One purpose of
the xy grid array of nenory elenents in conmbination with isolation devices
is to enabl e eaehiddilyimeteo iy irttenaiith BoRRioheRYIRESS WM b ibRbMbE Bout
interfering with the information stored in adjacent or renote "nenory

el enents of t IeBiParAddress Goea] O e nBrmis) 49d 20dR casomsierecatmectad. 16 of

Fig. 1 can be i | | i entir rtio of a
substrate. A togégﬁﬁo%#gl%ggttggxgéfﬁ%éFﬁﬁ@sﬁ"g%g&gﬁbg@dﬁ[z}lcc%ogﬁegﬁ%iql r"g%@esrmh as
a silicon subSieatepaoséphére syhdtratasof memad) aigmdmtd imaimbihgiidreditho,
substrates that {acf.ont I n_ceram rraterhglﬁs,érorgani c material, or glass

m C )
material as p&PRUGH erYéCq%Lﬁﬁ-Qsecrﬁa@é? gee &l Jpmany §'ameet 1o be 978 22de of a
silicon semc : Ve . . [ ver an
area of the Sg@g?ﬁmog?ﬁ%gé&ggg e\?elP%ﬁgﬁ?ﬁgﬁ?ﬁﬁ%ﬁg@ﬁr@%@ga@t hr ough
si ngul ati on i neonddy ederakatxdofetheraredy.ps, sone or all of the die or chips '
having a nenory array fornmed thereon. Additional addressing Circuitry
(e.g., decode etc.) can be fornmed as known to those aof_skill in the
[ K 5 &g bsen b

art. [0015] FIG4} 2- 12 MITEEONEAE YT PREIAY BpVIER R of
representativ N : L Gntird-pdAi ' rd4yon of
substrate 100%{%?% ?sp‘dr?gﬁ J@g%ﬁéﬁ?féaggtg%pgﬁﬂhgf (a)?:% l(Sat(‘:éé;fé q%%ilc%:één)

substrate. | nsultshiate mcissea senfeoygectdopaistratistchass beilionnissbstreteoduced in
portion 110. one exanple, a suitab oncentration of, P-type dopant is
bn the or der bihessuBerAER sy Bl 530 Tl g subSkugr iR EafeRR

(at onms/ cnB) rﬁa@rai,rwgﬁgittmaféribl,oor %fas§ HRgé AR pHPOoMBR IEERMRAlrE alry afso

Overlying portion 1107of substrate 100, in this exanple, is portion 120 of
P-type epit axulliebld. | indbe.case ofresidganmsesicanseictad sphsirateomes Iy &Y F8Non

the order of abput. 1 0 Fi LCts
shal | ow t rencthe %ggf:a%]dg#e(qég%zesqabﬁ%%%ufg%g%%r‘%%efgf ll‘eﬁegépﬁggﬁgbgport I on
120 of substrgsfer dlicefiSsthroldh biggaraichoipay giBtretddie or chips, some or all of the

die or chips having a memory array formed thereon. Additional addressing

- circuitry (e.g., decoders, stc.) 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) substrate. 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. Inone example, the

. 3
dopant concentration is on the order of about 10'® to 10" atoms/em’™.

(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 discussion, STI structures 130 serve, in one aspect, to define

the z-direction thickness of a memory cell, with at this point only the z-direction
' ’ 6



t he subsequent discussion, STl structures 130 serve, in one aspect to
define the z-direction thrckness of a nenory cell, wth at thi ﬁ_( / 200Y
the z-di r ectigomoy@7dsh/ 02/ 2007 WO 2004/ 017438 PCT/ US2002/ IEeEP Y% Chness
of a nmenory cell defined.In one enbodinment, nmenory cell z- direction

regi ons 135A and 1358 are patterned as strips with the x-direction |

di mensi on greater than the z-direction dimension. In another aspect, STI

structures 130 serve to i solate i.n vi ual nenory e anot her
as wel | as as8yernassdfa memervdied g Zn g'e =t Oﬁe+§?o%%gér g”legs%nf orned in
and on the SHF}?% F‘E§+ § gHA Mfﬁ@éréé‘&te&ﬁéd pEGtYY Whivgrephiyet@mhni ques
utilized to pa ern structures define the z-direction thi ck(%ie(?s of

menory cel | 1 eghension bB&ateatibnBBez-gipcRTtitEssidsat e OSiF &SPELL &ilf ect i on
t hi ck
st Irﬁctnﬁfz) O?S ptsrggtr.rée%??grse%‘% ﬁ‘ép%?g iddNid 4:99&%1335 tgme‘?‘.tgﬁBﬁtCér% érhﬁher O

rrcaron ratrons 1 n nmenory
regi ons 135A apqydiBadasWdikted @it arements (ed. Itramagoode‘tises)lfpbme@ve@mﬁyl ng

epitaxial portion 120 of substrate 100 is first conduc Si a} l.i ne

material 140. ohrthersebeb(ai@pl@Uffﬁﬂr%t?t%%WBG@MhQﬁP“tgP%W&I Vlt??@'q‘rlﬁﬁ(’@t & 120
N-t doped

'S ype Opf Qgg%ﬁ%lr %t?%ct@%fmemr rthtehzedrté&%ﬁ@l%kh@& 8f mehfry c@%ﬁt@b

phosphor ous o I'on on the order of about 1018
1019 at ons/ cNBa6R. hd 168 thhiprenlice foattie szesx@ngitastionithiskness) @scmeall @ﬁr

~signal line material 140 serves as an address line, a rowline (e.g., row
line 20 of Fi .18 ajjcromdiMyi ng first conductor or signal line materi al 140
Is an isolation device (e.g., isolation device 25 of Fig. 1). In one

exanpl e, the isgl.ation Vi i feapnednef fi¥Hay Pshriiatibgon
portion 150 (é(? 7 dopa%e %?ggfctt?gtéa%{ﬁ&%ﬁgeﬁfh@bor der of about 1014 to 1018

at oms/ cnB)  angBrAuee iirhéraany peil tégionsl 6864 end 135Bdophin eashcBATeBt ¢8h o
t he order of ag

t 1019 to 1020 at
e o e ni(ivion s Aot al Ao, 120 EF ek e B €haeol é“‘f‘apm
suitabl e, Such, o0 o ISEHAP abUln 81 cghplel it eenbgcion ignobiins
|

seni conduct or © I ces depicts the structure gf Fig
froman xy pernsmﬁtal V&) m‘Naypefckmpmir[gllstsﬂ@noﬁ@fsnﬂ@by“?'fe EpiodR&er Of rtron 120

8
gfl'l sg:) ?L(r:? Lree;?rggm{é.%%%gégg%g? Le fored. o ddd b idiSn SRl fuedildbeaensl® t o

t0 10 atoms/ecm® (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.
1). Overlying first conductor or signal line material 140 is an isolation de\.rice
(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™ to 10" atomsfem’) and P-type silicon portion 160 (€.9.,

- 0 3
dopant concentration on the order of about 10'° to 10%° atoms/cm). Although a

PN diode is shown, it is to be appreciated that other isolation structures are

similarly suitable. Such devices include, but are not limited to, metal oxide

~ semiconductor (MOS) devices.

(0018] 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 um. Flg 4 also depicts memory cells 145A and

7



define the x-direction thickness of a nmenory cell. According to current
phot ol i t hogr aphi ¢ techni ques, a suitable feature size for the x-I#{8&vizdho7
t hi ckness i woamogmkis as 0.25 gm Fig. 4 al so depicts nmenmdyUSSIIRIIMS5A and
7 14/ 02/ 2007 WO 2004/017438 PCT/ US2002/ 025997 145B separated by trenches
190, 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 t i ,@W@e;

conduct or or ggﬁa |r%{§@%ﬁém e nenory ?neﬁfse{cggrﬂtiﬁ&ﬁ% %?jﬁe\rﬁ@@ng v
cel | s 145A andtidhBesf 30emryn ae:lmecneglenkri%,édeﬂnedfolyermsesdBOarﬂﬁ ch t he
et ch proceeds rou stack in this exanp ortion
of conduct or d@?ﬂgipgrﬂiﬂﬂﬁ r%ﬁé” t&\ E??r%%‘”g’f’ [ScAPEETRe]! 8%1 acrbgt&F‘otB an
etch at this pokskdudtel bpg\rgﬂgi M@ﬂmbrfm&h@%o%lhyeﬁcﬁwa@rnésnérﬁéﬁpduced
at the base of each trench 190 to form pockets 200 having a dopant
concentrat i on celis i ABAGETHET 4T of alssuery1wEidegwn U3FA. aindhe cess 0( éﬂ@iCh Nhe

bet 19) .Fol |
| niroduct on. ebuerereSuiste 5 ardten (haeef ti i ertHe B ATEIR" foxi de
is introduced cbﬁd@ét@ﬂ@hg'@nw%é @40 ONWiREY e3¢ UaHh Bé%ﬁhzje%ﬁto stJ@anse:@te@t BHis
surface (as viewed) may then be planarized with, for exanple

chemi cal - mechaaintalF offewinghthemagterainge pi-t/pe dawart isjelregisedi aiéh@)fi’aﬁﬁé’f each

SLreLun e T ek 0 BTl a0 B MBS R 00 2P

structure of Bhaut 40Citoa.0? ameiciérspeat! raion) thesn nendrg ckos mablroanef a
material of, in this exanple, refractory nmetal silicide such as cobalt

silicide (CoSﬂﬂﬁBl n a portion of p-type silicon portion 160 to define
contact 170.. Contact 170, in one aspect, serves as a |ow resistance

material in abrlc [ ' oo : 410
circuitry) of t@ﬁe Ci rcuﬁon&m tg?ﬁf\{er[?gﬁétﬁ]e&fcpg]clﬁ\dﬁek{%o()tﬂz%lcg%lieaﬁi@%ﬁ%gl cts the
structure of Eigh aé silfcoardithideiinintmduceddmtrenchesssd togfonmt i ductiges KE2.

wi Il becone npore clear |ater, naski na mat eri al 180 serve in_on §e se,
) ERRRPR &

as an etch st dPeHPEHOE SBLRLH I VIEYER) Biaw BENdie PiRRarsrd Wi
sui tabl e mat eph gl dQimSBHHICH JOREIST F8y. §88picts 8n gk pkRPEEIIe of the structure

of Fig. 4 with memory cells (e.g., memory cells 145A and 145B) separated by
STl structures 130 and 132.

[06020] Fig. 6 depicts the structure of Fig. 4 (Le., an Xy perspective)

following the formation of a material of, in this example, refractory metal silicide
such as cobalt silicide (CoSiz) 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 circuit

i, ;
My

structure on the chip.

.[0021] Fig. 7 depicts the structure of Fig. 6 after the introduction of
masking materiat 180. As will become more clear later, masking material 180
serves, in one sense, as an etch stop for é_subsequent etch operation. {n one
embodiment, a suitable material for masking material 180 is a dielectric

" material such as silicon nitride (SisNa).

o [0022] Fig. 7 also depicts dielectric m.aterial 210 introduced over the
structure to a thickness on the order of 100A to 50,000A sufficient to blanket

8



material such as silicon nitride (Si3N4). [0022] Fig. 7 also depicts
dielectric material 210 introduced over the structure to a thick&éf /@007
the order ofwd0eA/tins50, 000A sufficient to bl anket 8 14/ GEFAFEH2/00307
2004/ 017438 PCT/ US2002/ 025997 nenory cells 145A and 145B. In one

enbodi nent, dielectric material 210 is Si02. In another enbodi nment,
dielectric material 210 is a material selected for its reduced thermal

conductivity, ﬁerﬁéﬁfﬁ@bﬂ%/}\aaﬁdwwal |6 @mdUghboditngnt, efislettiamatiksab2 10vsr e
preferably three to’10 tines | ess x5;02. As a qer_leral .convent | gn tSidsz and
Si 3N4 have x va&iQeslmandther emediregnt] dieleqtrpsiateral ddis Egnatesiar ggcied for

suitable materials for, diele ' BLer | ' t ptaesalrsd hat
have x.. val ués8 r?%‘é‘%eqﬁgﬁﬂTE‘%)CFAc@é:rlﬁ?g?‘n&'?éra%;%éir%gbggﬁar,e&gglggﬁn@s havi ng x
val ues | ess tQ%?m]mQﬁe prardraBly ARibile0 Amiay el gso Ak gelenedEogeeniion. on

the order of 0.1)y“and their derivatives. [00232 |gr 8 depicts thg.
structure of Figg), and&ifNarhdver nivalyesditeieverdgnal 1.8n diusl BcadqitoniD>iQmi | e a

variety of adhesive materials can be utili.ze or. adhesive '

enbodi hent . adsoisbie ma@riaﬁcfpue@é,eféf'clﬂé%f'%ﬂ@ ‘BF'UngF?/%“% P’\aé%rlnﬁ%ﬁ@} e x.
titanium [0024], Fig. 9, depjgt - = Rakjae |SsTE
Cross- sec'E i oné[]al‘{ﬁsgg\ﬁ,s gﬁ’ﬁ"ﬁf ;#ﬂ&]aﬁaﬁ iﬂéfrﬁﬂngﬁra%s p{oﬁ;n%%shﬁalgg%}égi Ve 214,

diel ectric 210, and JTaskidgcamidd ihed8, AexmesXegogeikantthezaden of Gfikand
enbodi ment, openings 220 are formed by patterning of circular holes etched

t hrough adhesiiysir 2ddvatidiesl ectri ¢ 210 and maski ng material 180, using
phot ol i t hography and dry etching techniques. In terns of state of the art

pht ol i t hogr apga/ozégtetcg]ing(udge_sq p%h@?#thaegst?@&men&%i S s foRRinG- skheBiven d 1

dianeter can b e appreciafed that; in"addition to
ci rcul ar openi NGy RLIR21@PRMilRES v Stiety adhesivammatedalsaperiaytizedrd
I d

alternatively be enployed. By form ng openings O jn_thi re(i.e.,
“af ter i ntroducizigeaiteesidy & amfnboﬂlment.ea%i\f%e%ff‘“&h@e?@éfﬁﬁ?@séﬁ absence

of an adhesive | r on _cont 170 such that current is not shunted from
the subsequent I%Q?%ﬁtctoﬂoqﬂgg@aﬁ@ ranmable material (see Fig. 12). [00251

Fig. 10 depicts the structure of Fig.9 , throutgh‘ t he sanme cross-
{0024] Fig. @ depicts the structure o Fig. 8, through the same cross-

sectional view, after 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 maski'ng material 180, using photolithagraphy
and dry etching techniques. Ih terms of state of the art photolithography

) techniques, circular openings as small as 0.18 pm in diameter can be

” patterned. Htis tobe appreciated that, in addition to circular openings, other

s rectangular openings could alternatively be employed. By

openings such a .
P yinan -

penings 220 in this manner (i.e., after introducing adhesive 214

' ingo
forming ct 170 such

embodiment, the result is an absence of an adhesive layer on conta
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-

. s , 0,
sectional view, after forming optional spacer material 402 within openings 2.2|

i ia
‘on adhesive 214, and on dielectric 210. In one embodiment, spacef mater

402 is conformally formed, for example by chemical vapor deposition of tetra-

9



sectional view, after form ng optional spacer material 402 wthi n openi n(?
220, on adhesive 214, and on dielectric 210. In one enmbodi g %) % g@dﬂ 07
material 40%0 PR mal |y fornmed, for exanple by cheni Eaf’U94RH
deposition of tetra- 9 14/02/ 2007 WD 2004/017438 PCT/ US2002/ 025997
ethyl-ortho-silicate (TECS) on the substrate. As shown in Fig. 10, spacer
mat eri al covers contact 170 within ot)enl ngs 220. [00261 Fig.11 depicts the

structure of. Riiyl-ofoafiicate §paber) oriine st A shpyt frefiged O 8036 m
dielectric sp?&éetgg cé&%ﬁ%@m&fﬁzglﬁv'%ﬁ Ehgﬁﬁgé%ﬁ\) i nsi de openings 220. In

one enbodi nen erira I'sotropically etched using an
etching agent that is selective such that the etching agent stops at, or
preserves, cor[_immy 170. FAs. 14 demictsrthEisfructite of Reg. dtﬂ(ﬁﬁﬂengpawr&aheoiai 4@2pmses

adhesive 214 ov Bq u erL r‘ urface s Vi ewe ele 210.
one aspect, th3 ewe OE@%B '8 %;paecgir s&agpr “?g%{@iPO Fér %erves
to reduce th%gﬁh&ﬂgé'ztzm qh SO BERRRES:, qaé@éﬂrﬁhte(@umz é%)n.mrowm ct 170.

Spacer materi rtions 402A are optional in that, in another enbodi ment,
progr ammabl e macthedlwsllngmy ehehihg apsat Wiaths aelsptive sug31 thaothewdtchiogmgephcer

t | 402 b trod d wt 220. 12 de t
Fﬁee;!t ?uct ur este9'fpg é;gr é’%séglt%ér %MPH{]ar‘g&(}@e%s 9-'59 afdéagfetl“ﬁrftt‘g?”%fmﬁ ljog'ns
adhesi ve 214, ng@ééysrb&%méﬁgm &%8r t!"f’é‘gu;?éhorcs(?ﬁifa@éT(asWQweHPoﬂﬂléle@ﬁ*RﬁE‘tG

pr ogr ammabl e erial 404 tends to adhere or remain in association with
adhesi ve 400. m qn@aepeambﬂsmtmthbecpmﬁgmmlﬂaéfatﬁratseaqemmatez;ali@?aswa%éo

Crystal line.  GbaIbaap oty S o AP mrincodia el $h EBNaRt 16 Pl

of energy (e. ghatefd| Hidrrsaiom%mbptrbhgr;ﬁ&hatenearwherer@b@dlﬂmm de
mat eri al s havi ng the g neral fornmula are known to be suitable for this

purpose. | n apragrdodiaviematenial meyein frsmegtwithiniogerings B8P ewHROUt $P8§REMMaDI e

I f th di
Tabre o The ERr02 nefdR et SR e BBBTY D edas

programuabl e material 404. O her chal cogenide alloys utilized as
programubl e pouperi al 4P#. |1rmdiemietﬁ@bstrum&e ofl fige11 mTedemrr@ | nSbTe,

casete. SnSbZprog’rar%w&sé%?eemaﬁ\erlaglsfgf on a%’h%s)wsébg‘? 4, we?x%bégic’er%re}&é 2515' and on
contact 170. In one aspect, programmable material 404 tends to adhere or
remain in association with adhesive 400. In one embodiment, programmable
material 404 is a phase change material that has a property such that its
physical state (e.g., crystailine, amorphous) can be modified with the
application of an amount of energy (e.g., electrical energy, thermai energy).

| ) _ Chalcogenide materials having the general formuta are known to be suitable for

| this purpose. In an embodiment, chalcogenide materials suitable as

programmable material 404 include ét least one element from column Vi of the
Periodic Table Of The Elements. In an embodiment, GezShzTes is utilized as
programmable material 404. Other chalcogenide alloys utilized as
programmable material 404 include GaSb, InSh, InSe, Sb,Tes, GeTe, InSbTe,
GaSeTe, SnSbaTes, InSbGe, AginSbTe, (GeSn)SbTe, GeSb(SeTe), and
TesGe1sSb2S2. 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




Te81CGel5Sh2S2. Chal cogeni de materials can be introduced on the substrate
and on contact 170 by conventional deposition techniques. [0028]14402ur20617
i | [ ustrat edwighohingds4382, followi ng the introduction of prisgrEsREzEY?
material 404, barrier material 408 is formed on programmable 10 14/02/ 2007
WD 2004/ 017438 PCT/ US2002/ 025997 materi al 404 and conductor 410 is forned
on barrier material 408. Barrier material 408 serves, in an aspect, to

prevent any chemd fikosenet ¢cﬂmd¢@dr\k€mﬁls fprrogt ambablier rﬂaﬂeaai 408.4B4rr@nd
conductor 410. In an enbodi ment, gr ammabl e materi al 404, % ﬁgr 402,
barri er rraternnaterméoérﬂﬂi%d‘m@f‘@ﬁpe@ 30 RFRYSNb B GNESHGR) 'RASHOBRE

pat t erni ng Lechni Ques,,d . A0qhRRCL (B Blagu e L€ BY smbgwm i ncl udes  at

| east one of {FBY Ftaniumni tri t'ani um and/or Titani um
nitride coatigpesroramdite depesait4d, spater 402, wanmeranaanﬂatﬂlﬁ&taed CQh@thg good

dh that th t fl t
200591 T T herth AoNmEd 43 te cPAY Bl NG ERfErrg fechiuBs, Iten ERbARERERTY
pr ogr anmabl e geﬁh b@teﬁé’l ﬁxcﬁ%%aaqfleésﬁ%nb%fﬂéﬂlmnz% fvnfuRenBigsence of

spacer materi I ons I'n an aspect, the dinmensions of openings 220
expose a fi rSTita?ﬁtﬁkhaaﬁd/ar Eﬁamﬁrrcmﬁrﬂda:coaﬁ?@s dan bandeppeiled, urdosB®OAd cont act

area, less than the first, contact, area, osed a 02
and/ or space?fuhﬁftaéﬁlsé]o"ﬁ%&o&asadi@@@n '@Qﬁﬁﬁﬁgﬁr%]ﬁgﬁlaﬁ‘{g} ﬁ?géltﬁ‘ﬁﬁ é éHo?‘Bmé

pr ogr ammabl e maégé“ 404, the quantity of programmuable materi aI 404 t hat
under goes, f of e, a phase change fromto anorphous and crystal l'ine

on contact 170 (as shown by region 406) is localized. Region 4 shown
between space[r[)(}zmaterl aln qherstttmtw%mm@l‘éfﬂ higs 12, thawreactAiga P caI i zed

programi ng region 4 t §

pr ogr ammabl e FP@BF%BW%W% n%%%gl%ﬁ{? Jr‘“ro %nous anQQDa}r‘@Stdﬁ She State
of progr ammbé;?adéﬂ'ﬁétbﬂbl Mong aogg.ne]h@n aspext, Itbeaihmznslgns bEopemirgs 2R@nge
area, less current is required throug

programm ng aexpaseaalfiryg coataet Bees op g@@t,acpﬂo)(g Ewm ,agp,e . g{a%@r{d f?fé@ ur ::Ing
et he 416 SiedelasRybah 180 atdontdct SES T BRoddeBY gg&?r'nrgﬁt{engﬁmmémﬁl@lr m ng
spacer matena! portions 402A. By minimizing the quantity of programmable
material 404, the quantity of programmable material 404 that undergoes, for
example, a phase change from/Ao amorphous and crystailine on contact 170Q
(as shown by region 406) 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 resulis.

[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
w-direction thickness of programmable material 404, barrier material 408 and
conductor 410. Openlngs 416 serve, in another aspect, o isolate individual
memory elements from one another as well as associated circuit elements
'(e g., transistor devices) formed on the substrate. inone embodiment,
openings 416 are formed by simultaneously patterning of openings through

M



x-direction thickness of programmable material 404, barrier material 408
and conductor 410. Openings 416 serve, in another aspect, to isb#4f@/2007
i ndi vi dual weetoiy7e8enent s from one another as wel |l as RFMT2B2AESVVr cui t
el enments (e.g., transistor devices) formed on the substrate. In one

enbodi nent, openings 416 are fornmed by sinultaneously patterning of

openi ngs through 11 14/02/2007 t WO 20114/017433 PCT/ US2002/ 025997

i conductor 410cobductoed 10ptarieninatoB 4pBogragrariniablemiatziank 04 @adantheathesi ve

214. The patterning can be acconplished usi ng conventi gnal . _
phot ol i t hggr aBFﬁ"_l: T%ﬁlrﬂft@trﬁ‘ﬁgtcéi@{ﬁ)ﬁ é%&??‘?%@ﬁ#%ﬂ%%ﬂ@?nalrpé\og%'wgf@phlc
proceeds through caNAEhRfues4 10 thid@kBh e TRE@RERAg ?Q)giee{?é f}%lﬁgﬂ"@&l\@uctor

mat eri al 404 and adhesive 214, to the ‘exclusion © el ectr 210.
According to éudreamiephetenial iy peiiemnarmateds) 40dasliadhesie Rehttortbesi ze

for the x-direction thickn openi.ngs ,416 include..as spmall as. 0.18 m
ne shown i n Fegc§an ‘ol SEIPARE 210s MEAREE I8 cCrsPraRtSiPRusREerehTinbss
orthogonal t ogfsiltshleTendie sk foF tid gaakclibmeniditss [o_@eéé&ingé @16 ldcig@piagt s
anot her cross-sectional view, fromthe yz perspective, of the structure-of

Fig. 13. A heamaligsil.18sm.| Aashewnda fig. 4 epeninggetiefoam sprdettiondd Obinds nes
500 may be introdUﬁed ﬁd'éac%:}t ft rle devi ce strucHJre éo mai ntain a nore
stabl e t enper3¢T 8 AAENEELIE O fRIGANILE RS RER! 195 44P-armmbl e material 404
and contact 170. [0032] Fig. 15 shows the structure of Fig. 14 after _
form ng diel egpsirc rrg_t %rg.au dEACte ottt ed-QEctibHal viblwe krefi theoyzmat er i al

|

412 is, for exanple, or other suitable material that is fornmed on
conduct or 410pgrepettie cbthastrugturg ebfigr d 3c dhbigat ¥k, aB0lIustated iy g aree

formation, dielectri i 412 i ' . i a.i in a
portion of tr%e%%f?[%ﬁﬁﬁé‘iemﬁh%%%é%‘ﬁ%%? %ﬁr@&%%@ég@%sﬁﬁ@dﬁ@q%%{rg&gré
materi al 210, toaRdintaialeeioré staihs frhpdrali®@ dral conléminterfiéd betWden via i s
filled with conductive material such as tungsten (VV) and a barrier

materi al suctpragrameakis mated 498 and aantast ?W-) and titaniumnitride (TiN).
Techni ques for introducing dielectric material 412, formng and filling

conduct i ve viggs;1and pl ARAHRG.AHE SRS & 058 2Rkl kg diedbgicart. The

structure sh i'n Fig. ‘al'so shows additionalF conductor o6r signal |ine
material 414 rheterid 4aRdveatorductdr 460 mDiglectrichastesil ¢ thsutrexaoie Jikk
ine 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
materiat 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).

R

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 signal line
material 414 formed and patterned to mirror that of conductor or signal line

| material 140 {e.g., row line). formed on substrate 160. 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 (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

12



material 140 (e.g., row line),forned on substrate 100. Mrror conductor
line naterial 414|nrrors conductor or signal line material 140 %h@2/2007
coupl ed to weonflaEe% or signal line material 140 t hr ougHPATHES2RBAGTE i ve
via (not shown). By mirroring a doped sem conductor such as N-type
silicon, mrror conductor |ine material 414 serves, in one aspect, to
reduce the resi stance of conductor or signal |ine naterial 140 in a nenory

g&?ﬁ’&ggg%g;{ggg}mpﬁd@ﬁj@y‘l 5A]s%ltéﬁge91%/f@Q?for%r%@%ﬁ@&&éﬁ%e material 414

ted in A suitable material for mrror
conduct or |i nenpRigesiA aidddnummedtedel sanh ab@m aumimat @byl , such as an
alum numal l oy. [0033] Fig. 16 -. Fig. 21 depict another enbodi ment than

that described by Fig. 8 16..d th
7. through thel0dalk o ol dEctiBndN P AT Er FITINTAD: BB st ©

t hrough di el ectgpq fq]%lQF%dls gk B eprite tHeadtrd&0re €PMIQS 7 NOrOWyH thetsai®. The
formation of enimgs 2 may “be acconplished using etch atteé‘p%ggwth

an et chant (s) csrelsecstemenalomew,eaftﬁﬂfﬁgﬁtmlge@ff@(ﬂmgscz%%{fé@'#@ﬂ dizlgetim i ng

material 180 but not conta t t )

st op) I [ 0034] flfé‘iaﬁkmﬂfné?&aﬁé o%ir}gggcgndgé\ntﬁ? F?-%ggofé'\%rt%ﬁ %f%? ﬁ@'ﬂggr%fg gr mal

| ntroduction Obq §tfq°£é@d?ﬁ H‘E?Je%rds% 289 pdﬂﬂanﬁlﬁ? \m&aanvb&:haat (erseledivenfat er i al
a

230 is polycr I'ne sem condu or material such as crystél ih?ﬁ
silicon. O heretchitig @ibl&tmmltrﬁt&rml§1Drﬂﬂd}'ﬂés‘@agt§6ﬁeé{ﬁ'd1 R Ee as

transition netals incl but tltanium
titani umtungsﬁeegr G‘PP QlﬂqITBgre %%ghl Ead dibg?(Tl N) and titanium al um num

nitride (TIAIN). The |ntroduct|on is conformal in the sense that el ectrode
material 230 I@ g}roducF;b afoagpitensisttactuad lof Fand 6 afses'éhmoesfpéfﬁahgs 220
such that electrode material 230 is |n co

t act th cantac
conformal i nt r strociuction of elgctede serrterat &1 aln @g%meﬁs{ap ?ec%r(gpéé‘gaéer-[ ®30
pol yeryst a![ Ihlogg @Hfgﬁll[}%’%% |cl:)9 &ar 4 %@lch'd%tﬂdl’yﬁbt?ﬁtbmﬂefsémbm qiber

known to e ar I nc I ng chem cal” vapor depo sMﬁ
(CVD) techni qu§l§ltablé(?ﬁ§t'éillal§l igctudd odletmrcasd samlsmtabtsw@ aﬁtfmﬂ oM e

only one of the portions of electrod e V. A Aitride

conduct i ve pat hnchsf m@,etputg]cg,Ha]lted|tPnEIaHﬁF@etftaﬁ"“ﬂ%ﬁ@g(@ﬂgsﬁéﬁ%nt ly

| ntroduced pr O?ﬁ&%m%gll tﬁaﬂﬁlﬁ?éfuﬁ#muﬂn”mtrm FiAB e, ingbéudtionde comfoeniabin 230

is a generally : Gctive intrins s and

the sense that electrode material 230 is introduced along the side walls an

. base of openings 220 such that electrode material 230 is in contact with contact
170. The conformal introduction of electrode material 230 that is, for example,
polycrystaliine silicon may follow conventional introduction techmques known to

those skilled in the art including chemical vapor deposition (CVD) technigues.

' {003'5]' " Fig. 18 depicts the structure of Fig. 17 where only one of the leg
portions of electrode material 230 serves as a conductive path between signal
'hne material 140 and a subsequently introduced programmable material. In
this example, electrode material 230 is a generally non-conductive .mtrmSIc
polycrystaliine silicon. After the introduction of a dopant into @ portion of
electrode material 230, two portions are defined, electrode material 230A and
electrode material 230B. Electrode material 230A is doped about its length
" from reducer material 170 and will actas a conductive path between signal line
material 140 and subsequently introduced programmable materiat. Electrode

material 2308 is generally non-conductive (e.g., predominantly intrinsic
thus will generally not serve as @ conductive path.

polycrystalline silicon) and
| 13




pol ycrystalline silicon. After the introduction of a dopant into a portion
of electrode material 230, two portions are defined, el ectrode Da&yeR/R007
230A and elyechhpfegaterial 2308. El ectrode material 230¢ci/gsaopedsabout
its length fromreducer material 170 and will act as a conductive path
between signal line material 140 and subsequently introduced programuable
material. Electrode naterial 230B is generally non-conductive (e.g

predom nantly t. | g ral y
ot serve as dMeqrlaReT oL BRERE ¥OhRLG SRSty 560 e ST b Tl 4]
PCT/ U52002/ 02%8%¢ cbheplissed mrbogh@fn angedghteodaniduatf e\deppat fie( sanghedigway

el ectrode material 230A) may conpl i shed through an angl ed

i ntroduction 810”&9&%5%? ”ﬁteﬂa %@ ed away fromelectrode material 230B).
(0036] Fig. 18 also shows the structure after the introduction of

dielectric nmajeyghal 25@iq, nﬁpa@B%Hd@%th&ﬁrudtﬂreoé\‘ﬁar&ﬁ@woﬂﬁaﬁon 6 @lerettnid C
material 250 i's Silicon dioxide &25 I n anot her enbodi nent, dielectric

material 250 imateriaifldntappemnags dntmwbodmm@elecw materighgpoiis

| ess than the thernal ut' I to 10
tinmes |ess thaH® RES?’“%&]@\R}: '%@lh%& % ﬁmeﬁh%zel ﬁ‘ttﬁ‘u?%éifé?%gu J%ect ed to
a planarizati %téhﬁitthaﬁ@é@wﬁem depiduzavitalx, eederesthaf thelteetmalde

material 230. Suitable planarization techniques include those known to

t hose of skil Icondluctt}wiy@rfBJOsmstmzemefem@mtbwe or 1Qtrors ess-ihet Kapd-cal pol i sh

(CwP) techniques. [00371 Fig. 19A - Fi Ict the str of Fig.
18, through tﬁ@llow&‘@éntf@%@eﬁﬁ §HHPT E@ ﬁ@ atHE%ﬂ%fGPﬁa‘EﬁFﬁ and

patterning of f%‘ﬂogggnﬁsﬁ&%‘?‘o@ W&rd&tr‘ﬁ?gghl 240 dsuilde i s an

i s6l ated vi ew portion ect ro e mat er 1 al A adj acent the
superior surf gtaelaqﬂtatidsreta:hnmjesrmc!ude thosewdown tEitpseld sklioD 83 arkesisht Pag
to Fig. 19B, adhesive 215 is

fo d on di.e dielectric 250, and
el ectrode nat 6heRIca)gpahemisa- m @Oﬂfg?ﬁyﬁﬁat?%w%ﬁf of f of electrode
mat eri al 230A (Fig. 190) Subsequent I y, programreble nmaterial 404 is

formed on adhgﬁj "’f 215, pfyALF%;Oisﬂugbﬁﬁ&ﬁegtra&Q;e of kiged8 rthooudtbibie and
ra

el ectrode nat 230A ig. 19 I n an enbodi nent, adhesjve_ 215 and
progr amabl e eatremrasséeai:mV!ﬁvwmh@we@dbﬁiomﬁtt%ﬁmﬂﬂﬁéwnaﬁ 3Pea

adhesive and a programmable material. Fig. 19A is an isolated view of a
portion of electrode material 230A adjacent the superior surface of the structure

as viewed in Fig. 18.

[0038] Referring to Fig. 198, adhesive 215 s 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 material 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.

L

[0039] Fig. 20 depicts the structure of Fig. 19E, through the same cross-
~ sectional view, after the formation and patterning of conductor 440, barrier 408,
14




adj acent el ectrode material 230A (Fig. 19E). The patterning can be

acconpl i shed usi ng conventional photolithographic and etch techri{(82/2007
t hi s exanpl o %@ 1€ighi ng proceeds through a portion of au&s20R/02387 and
programuabl e material 404, to the exclusion of dielectric 210 and
dielectric 250. [0039] Fig. 20 depicts the structure of Fig. 19E, through
the sanme cross- sectional view, after the formation and patterning of
conduct or 410,prbararheabi0daterizl 404/ Gad 2002siviR1 30 @HrOdr4®Bincludes one of, for
PCT/ US2002/ 025997 pro ram*ra?b? teri.al -404 eﬂ% dhesw 215. Barrier 408
i ncl udes one dixamye. MagpwFp(l) angit %\W‘Wﬁhﬁ“t’*ﬁe) d ﬁ”f‘&hﬁ %ﬁﬁf"?ﬁ BT N)

Barrier 408 > Asheey, tbmrﬁ&?d;f@%m%ewe%n'm@%a}m@bf {;zasg %ﬂ%ﬁdﬁ%&@tmoxol une

of progranmmable 404 and second conduct or 1T ne materi al
overlying the and mndfcorphuogra:mw\aé liratreatedal aetlying. tge voimnemﬂ el ectrode

410). Overlying barri 40 duct or_ or a e 410, .Ln
this exanple, pg%@u”&?%ﬁle ggq E’igﬁgqpl%eswgrqﬁ%‘g AfJfO‘lLCg \5@‘2“-"@ afé&d?%és
line, a col umg Ebﬁ@u&t@r 8 sighal tHETdtereal 430, ah tHik auample, coﬁenét@ﬁbpsngam

signal line material 410 iS patterned to be, in one ' enbodi nent, general by

orthogonal to !merraatec:ahdmsewe@ramgraddreasd@enatc@furam ling ge.g(, @@lumﬁ!me ﬁ@s

are orthogonal Q0 row,|i Conduct o ne_nat er,i 4

for exanpl e, 5’ 'd'fﬁ?})u %Lé‘?t PrS@UELI' m&k]qul?ﬁflrbﬁ %?W”S‘Qt%ib for
the introduct 'e%ﬁb@dwxehﬁt ematrygoz@ﬁo@@m 't@FréQBn@Jrﬁioﬂ@rnQgﬁélqrneoﬁa&lrlghado l'ine
material 410 include tec gues known to those skilled rn the art. [0040]

Fig. 21 shows (cﬁemfm%tQIEéirﬁTOqu@l tomvafines). Eendistgr o @Béék'ﬂ‘ﬁdﬂa?@é‘?bﬂfél

412 on conductor, 410. chr | e r
other suitabl &gt %’f?rga llr'”"h“[)}ﬁ}?g%eg%] éé&hbgiagra?ﬂw ecrtgﬂr gﬁjldga{?fy

i sol ate condugd ﬁftro@b@tnor’?@hlﬂ%tﬂé@nh@&)fszrhft’@‘ttiﬂmancﬂcmcﬂmtmc‘irsn@ﬁaémnal 412" i s
pi anarized and Via 340 is fornmed . in a portiaon of the ?rbqrhgf:%_gre t hr ough

di el ectri ¢ matestessl 4191@0]@%11955’{‘}9@5@0% t&lth?ﬁﬁ)smﬁ% tric materi al
180 to contact 170. Via 340 is filled with conductive material such as

tungsten (W Wr?ﬁam eF,gﬁér?%wa\!w% ﬁstr@ﬁﬁﬁ‘e%?F% o dtdlab g ielbttiani um

(Ti) and tita nitride{ niques for introducing dielectric
nmaterial 412, rfiateriaing!Zod cbntlhctmg 466n ddieteictriz: wiatesial 442 is, rfoammfziﬁné":&r@'

k h kil l h h
nown to Os%ﬂ':serlswtgg!e ma enal?}'nat ls-gor?ngé EH%toHégctcsnr 96 16 Biect rgnlcai}fy isolate

conductor 410. Following the formation, dielectric material 412 is planarized
and Via 340 is formed in a portion of the structure through dielectric materiai
412, dielectric materiat 210, and dielectric material 180 to contact 170. Via 340
is filled with conductive materiai such as tungsten (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 fine material 414 mirrors conductor
or signal fine 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 ine material 140 in @ memory

| array, such as memory array 5 illustrated in Fig. 1. A suitable material for

18



al so shows additional conductor or signal line material 414 forned and
patterned to nirror that of conductor or signal line material 1404(82¢2007
row line) er#BMongsubstrate 100. Mrror conductor |ineGREBPIZN2-414
mrrors conductor or signal line material 140 and is coupled to conductor
or signal line material 140 through the conductive via. By mrroring a
doped sem conductor such as Ntype silicon, mrror conductor |line nmaterial

414 serves, in % AsRRRtor IR mERAKER 14 hei®s 8t anesinoh matadaictoch as =i gnal
line material 14070 N a menory array, such as nenory array 5 illustrated in

Fig. 1. A suitahbhenmataioyal for 15 14/02/2007 WD 2004/017438
PCT/ US2002/ 025997 mrror conductor line material 414 includes an al um num

mat eri al , suchwgmgl ealﬁg{:ﬁjrﬁn@j Jif¥%s a{]rqgﬁ,’ldd iﬁifarm%gtad&%ﬁfa{nbr%bl@ kg in

formng a prog ry “device having a struCture“simlar to that
depi cted in Figeviddhalingassouctaresimilar ho that depiced inefig. 16i ig.acgeraservives a

(o that  depi clemmpaRIGENB1FIa 13 ESCBPR A aR R G N T Ba) |

Further, as de%iﬁ%%cﬁ*g dlep\{bc,{:év?lav%éa &trIER ¥i|n|ﬁfaﬁ'@d tSHJeprtedRMIgY21,davi ce 5°

(Fig. 1) wherei ual® menory cells have a structure simlar to
that descri bed MdrBan&s @itraeembodimémast one of Fig. 15 and Fig. 21 and
the- acconpanying text can be incorporated into a suitable system In one

nmbodi , 00 i | ud 1 Cr. 04, |
706, and meror POTRL. M cFUBPBEEsHsP GBI I aig egioty dlral Sl s Mgbop !
connected by d&%@ﬁé)f%:(ti:ﬁ,?s) PRLES thbmaividil ansmeanédlialhabe s stastture similar to

M cr oprocessor Instructions or reads data froar’lg_]_ne ré ¥02 by
sendi ng out anypgdeessbahwittidefesendrito FtlgasienechEigsAy ang dgsggﬁ f th

control bus 714. Menory 702 outputs the . | y kPN nhgdat a wor d
to i croproce@@@ﬂmmiﬁﬂt%tcém&?sm?f?or%%%r'ggdfgggggg‘% S%t%h‘\ew tes a data

vord . t o eI ¥ fRgiRins SPaRo 700 incdali e proviesadd B snpiioutpus (/@pRETtng
out the data Wword on dat

menory 702 on7©@,rﬁrrcbmdmsry%5& 7&?@3&%@3%27'(51 1&}) pngﬁgfrgﬁ \é\%c'i tgﬁqﬁc}%n@g %{é
| east one of | Qg#r%ectggwycdeatg%%s%‘i QUL RS KIRVT ¢6 ahdQontrol 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. /O port 706 is utilized to couple to at least one of input

device 708 and output device 710.

(0043} Having disclosed exemplary embodiments, madifications and

variations may be made {o the disclosed embodiments while remaining within

the spirit and scope of the invention as defined by the appended claims.
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[ 0043] Havi ng discl osed exenpl ary enbodi nents, nodifications and

variations may be nade to the disclodéd enbodi nents while renmaining within
the spirit and scope of the invention as defined by theFeisent¥d clains. 16
17 14 February 2007 What is clained is: 1. A nethod conprising: formng a
dielectric on a contact, the contact fornmed on a substrate; formng an
adhesyNg i9ridifmeddsel ectric; form ng an openi ng through the adhesive and the
di el ectric, exposing the contact; formng a programmable naterial on the

adhesi Chfofidiigt portion of the contact; and formng a conductor
coupﬁéée'pg he prﬁ%'gérig%abl e material. 2. The nmethod of claim11, further

conpti si.ng: tterning th esi v he ogrammapl e material and the
condEfoTB?ggicﬁ%‘@?&ﬁe%glc?r’%ogqn?ﬁ@%g kﬂf@%#o'%?aﬁugg A& herein formng an
adhesi ve conprjses formng at |east one of titaniumand polysilicon and
f or nfaf§iag praihesivesrethesdialectic: conpri ses forning a chal cogeni de nenory
element. 4. The nethod of claim1, further conprising formng at |east one
spactarning ansgesing thpough e adhasive amhtrecdielesiricA eappsingthes centapt;i si ng: a
dielectric on a contact, the contact on a substrate; an adhesive on the
di el Retiing a frbgramatneblevibaiidi bhehslaehesive badlbava Agst PBrtPESTithe coftgegsi ng t he
cont gasi; a programmabl e material on the adhesive and on a first portion of
the contact; and a conductor coupled to the programmable material. 6. The
app J f j el i rises at |east one of
Ao 9 cgﬁgg‘:@ ?Puwgﬁ t§ ltlgb P@rpr rggar%aiér'{r&a%}g%

titanium™ an rcon an e fmaterial conprises a
chal ni d ry. el nt. 7. The apparatus of claimb5, further
conp ?Eg%wépg&g’ggﬁémﬁe?@%ﬁépnm{'sg‘%econd portion of the contact. 18

patterning the adhesive, the programmable material and the conductor simuitaneously.

3. The method of claim 1, wherein forming an adhesive comgprises forming at least one
of titanium and polysilicon and forming a programmable material comprises forming a
chalcogenide memory element.

4. The method of claim 1, further comprising forming at least one spacer on a second
portion of the contact.

5. 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 opening
exposing the contact;

a programmable material on the adhesive and on a first portion of the contact; and

a conductor coupled to the programmable material.

6. The apparatus of claim 5, wherein the adhesive comprises at least one of titanium
and polysilicon and the programmable material comprises a chaicogenide memory

element.

7. The apparatus of claim 5, further comprising at least one spacer on a second portion
of the contact. - ' . _




14 February 2007 8. An apparatus, conprising: a dielectric material; a
conductive material adjacent to the dfelectric material; an adhesive
material over the dielectric material; and a nenory nﬁ‘f%‘?qr‘&lry%‘{%pl ed to
dielectric material via the adhesive material and directly on the
conductive material. 9. The apparatus of claim@8, wherein the nmenory

mat eSr AN RPAHANSa8RMPHEREe material . 10. The apparatus of claim8, further
conprising: a first address line coupled to the nenory material; and a
secordlialggtrissmatdriad coupl ed to the conductive material. 11. The apparat us
of claim 10, further conprising: a barrier material, wherein the first

addr essoriductive mzgotidll eihdedt O ha @R OMbRIriakl via the barrier material;
and an isol ation device, wherein the second address line is coupled to the

condygtdtRsiveRhat 'r%';ové@mtefmeabgqﬁb%é@naﬁ%\ﬁhce- 12. The apparatus of claim

8, wherein the adhesive materi conprises polysilicon. 13. The apparat us

of cl.aj 2] Lve material. nprises titanium. 14. .The
ppad Bliony WRRE Rl BRASN IS i TReElAE e BT RRN 83 S ta o
mat ePf‘éH? CORGUCHMEMAISIR)- 2t us of claim 8, wherein the adhesive material is a
material adapted to reduce delam nation of the nmenory material during and
af t eP- T8f ARPREFHUS Of Elalm fe mbieyein fae argrapry meteriphis appasath@ngs maleliah s,
wherein the dielectric material is selected fromthe group consisting of
an ogDdéhe apparatiisief clam &, frthericampnisirigag a kappa. val ue | ess than about
1.0.

a first address line coupled to the memory material; and

a second address line coupled to the conductive material.
11. The apparatus of claim 10, further comprising:

a barrier material, wherein the first address line is coupled to the memory material via
the barrier material; and

an isolation device, wherein the second address line is coupled to the conductive
material via the isolation device.

12. The apparatus of claim 8, wherein the adhesive material comprises polysilicon.

13. The apparatus of claim 8, wherein the adhesive material comprises titanium.

14. The apparatus of claim 8, the memory material comprises a chaicogenide material.
15. The apparatus of claim 8, wherein the adhesive material is a material adapted to
reduce delamination of the memory material during and after formation of the memory
material.

16. The apparatus of claim 8, wherein the dielectric material is selected from the group

consisting of an oxide, a nitride, or a material having a .kappa. value less than about
1.0. : - S -




