| NVERTED VARI ABLE RESI STANCE MEMORY CELL AND METHOD OF
MAKI NG THE SAME FI ELD OF THE | NVENTI ON [ 0001]
wore@eheed enbodi ments rel ate generally to men@@lUS2008/004729
devi ces and net hods for making nmenory devi ces and,
particularly, to an inverted variable resistance
menory cell and a nethod of making the sane.
BACKGROUND OF THE | NVENTI ON [ 0002] Sem conduct or
menory devices are widely used in electronic systens
and conputers to store information in the form of
bi naiy VERBED TVIARI ABLTORESHRUADNE MiEMERYHak kb AéN Dz ed
as either volatile nmenory, where the stored data is
lost if the povTHOW OF VARINCOPAECSANMPr renoved or
non-vol atile, where the stored data is retai ned even
during power interruption. Traditionally, however,
non-vol atile nmenory devices occupy a | arge anount of
space and consunme |arge quantities of power, making
t hese devices uns IyFQE tabl e devi ces
or as substltutesppiqggﬁ;quen %@Eggged vol atile
menory devices. On the other hand vol atile nmenory
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vari abl e resi stance nmenory devi ces, which contain many

types of resistance change materials, including
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[0002]  Semiconductor memory devices are widely used in electronic systems
and computers to store information in the form of binary data. These memory devices
may be characterized as either volatile memory, where the stored data is lost if the power
source is disconnected or removed or non-volatile, where the stored data is retained even
during power interruption. Traditionally, however, non-volatile memory devices occupy
a large amount of space and consume large quantities of power, making these devices
unsuitable for use in portable devices or as substitutes for frequently-accessed volatile
memory devices. On the other hand, volatile memory devices tend to provide greater

storage capability and programming options than non-volatile memory devices. Volatile

memory devices also generally consume less power than non-volatile devices.

[0003]  Anexample of a non-volatile random access memory devices are variable
resistance memory devices, which contain many types of resistance change materials,
including magnetic materials, doped chalcogenide materials, phase change materials,

among others.



anmong ot hers.[0004] One class of variable resistance
change materials used in non-vol atile random access
woreeeni9898evi ces are nagnetic nmaterials. These BEWUSWE8/004729
enpl oy the magneto-resistive effect to store nenory
states and typically use the nmagnetization orientation
of a layer of magneto-resistive material to represent
and to store a binary state. For exanple,
magneti zation orientation in one direction may be
defined as a logic "0", while nmagnetization
[000dent dhnodassofannidide refistentd drangeyniteridbsfuseeld nawravolatile
logic "1". [0005] The ability to read stored binary
random st@semdrsory devisegarenuagudtic meterkdh ctlwsesiesideg@mploy the
effect. This effect is characterized by a change in
magnetoreesissivaretfecofo state meineorlypyates and tympigakdy use iy gwgnetization
materi al, depending on the relative magnetization )
orientationiofatlay ¢ropfamagnetiperesistize sateriakto reprasgneaind te sioge ajanary state.
menory cell typically has two _magnetic |ayers that may, |,
For examgplgny@goetizafion puantztion ipess«titecigndnay e dehved aggdpgic 0%
_ the directions of the gneti zation vecéo,s oint in,._,
while magieetFaHETRTIRALEHION 11 FRRINFAGHIEIER Bt NEshas A logic 1
paral l el orientation and where the magnetization
the | ayers
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layers. T}gl;sgél?ﬁ' dt8'relibEy Ol ERLAL ééi’ﬂx?gcta?lg%afs RS ﬂﬁgﬂ@@ié fayers that may

e magnetization“orientation of the two |ayers
change dBBhthfi&R with F@’o@@tt by artther. Ve R tHel Wi ré @IoMsiof @he magnetization

el ectrical resistance of the nenory cell. If the

vectors pRANET iedainfndRettedH, ahb Giyedf atd sidregbein & paayléy] orivneation and
substantially parallel, a nmenory cell is typically in

where the haphéead tiinanatost pdiat il oppasiterdisdctions, thhdayers are said to be
magneti zation orientation of its nagnetic |layers is
oriented anti-parallel. In practice, typically one layer, the free or "soft" magnetic layer, is
allowed to change orientation, while the other layer, the pinned or "hard” magnetic layer,
has a fixed magnetization orientation to provide a reference for the orientation of the free
magnetic layer. The magnetization orientation of the two layers may then be detected by
determining the relative electrical resistance of the memory cell. If the magnetization
orientation of its magnetic layers are substantially parallel, a memory cell is typically in a
low resistance state. In contrast, if the magnetization orientation of its magnetic layers is
substantially anti-parallel, the memory cell is typically in a high resistance state. Thus,

ideally, in typical magneto-resistive memories, binary logic states are stored as binary

magnetization orientations in magneto-resistive materials and are read as the binary



substantially anti-parallel, the nmenory cell is
typically in a high resistance state. Thus, ideally,
WO poovpi9snl nmagnet o-resi stive nmenories, bi nar yPCOYE2908/004729
states are stored as binary magneti zation orientations
i n magneto-resistive materials and are read as the
bi naryresi stance states of the nmagneto-resistive
menory cells containing the magnet o-resi stive
materials. [0006] G ant nmagneto-resistive (GW) and
~ tunneling magneto-resistive (TMR) nmenory cells are two
resistangg stades olythesnagneterresiptive nemortyatells aketaaningrihageagfeto-resistive
~this resistance behavior. In GWR cells, the flow of
materiad§.ect rons through a conductor situated between a free
magnetic | ayer and a pinned magnetic |ayer is made to
ry, depending on the rel ative nmagneti zation o
[é(?(i)(ént a&?%méﬂegn%qﬁfefeﬁﬁgﬁ@(%m)m gugelisgtmegnedpaasisfive (TMR)
& conductor. By switching the nagnetization

th
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behavict S CE A RSB B et Db Sl e betecen  frec
magnetk 9008 ol PP e 15 L e bt R ppspe relavve
magnet?ﬁﬁ%ﬁtdr&nltfty s mﬂe%%%%qa%%ﬁ\ée}iﬁ}eh%}ége&f tslﬁg%%{ihgt%lr. By
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tunnel | the extent o ect passi ng

through tHeQYARUERR iDAIEA arkffhe dtdclvE B&si§ahal b¥fe conductor is changed.
magnet i zation orientations of the two magnetic |ayers

on either side of the barrier. Thus, the neasured

[0055] st aRCEMK cdlizgai MR cegtd] baByerlay smirh@Re thdtya conductor, is
switching the nmagnetization ori en%/atl on of the free

situatedrignetna fray@agnpBOL8ler Sade Exaspnesgraftic layer. Electrical charges
magnet o-resi stive nenories are disclosed in U S.

quanturPanegitaniidly tin2eDire8Egh Thd Bérrg82aydr, 1839 GBdie spin dependent nature
7,072,209; 7,038,286; and 6,982,450, assigned to

of the tunneling, the extent of electrical charges passing through the barrier vary with the

relative magnetization orientations of the two magnetic layers on either side of the barrier.

Thus, the measured resistance of the TMR cell may be switched by switching the

magnetization orientation of the free magnetic layer.

[0008] Some examples of magneto-resistive memories are disclosed in U.S.
Patent Nos. 7,200,035; 7,196,882; 7,189,583; 7,072,209; 7,038,286; and 6,982,450, assigned to

Micron Technology Inc. and incorporated herein by reference.

f0009]  Another class of variable resistance change materials used in non-volatile
random access memory devices are doped chalcogenide materials. Chalcogenides are
alloys of Group VI elements of the periodic table, such as Te or Se. In such devices, a fast

ion conductor such as a chalcogenide-metal ion and at least two electrodes (e.g., an anode
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M cron Technol ogy I nc. and incorporated herein by
reference. [0009] Another class of variable resistance
w@bangesdsmat eri al s used in non-vol atil e random BCTESH08/004729

menory devi ces are doped chal cogeni de materi al s.

Chal cogeni des are alloys of Goup VI elenents of the
periodic table, such as Te or Se. In such devices, a
fast ion conductor such as a chal cogeni de-netal ion
and at least two electrodes (e.g., an anodeand a

cat hode) having an electrically conducting materia

and a cathdde) lsposgdnadedtiiealbpedrabetoly ﬁlb&zrfa&iﬁhdicﬁip&‘éﬂdéﬁh Surface of
are set a distance apart fromeach other. specific

the fast exaopiduadér aredepedisthateaganfden eschySMERNAUSP i @EHfple of a
with silver ions. Typically, to provide the silver

doped dhehogamnideiin geheagammaalenideswithrsilier imatseMyglicalye ROpRO Wl the

) _selenide is deposited onto the first el ectrode using
silver iopperithialthg ggumadeposilenode matdridlngérayatiunf sdéhideris deposited onto
. _then deposited on the glass, for exanple by physica
the first glggbrodgaising chemicsl vaper deposittomnAdhé lapiee of sifesr isthen deposited
ilver is then irradiated with ultraviolet radiation.
on the giaﬁé, foRiENamRIg PE Pty sicabvapgsoliposttias ovanothet asbniduee. The layer of

silver is P Hargtelgv R EaF R SRR, ol FfnSettetal thhdleposited silver
aows G0BhE 9950 5 T T EPB o g St e the e
o T I R R T AN A
e ik A, 9 L 5, A 5 B P B e
throught)ﬁpgfietlaﬁeﬁ%*mﬁﬁtébr%reﬁietv@ surface of the fast ion

conductor towards the anode. The growh rate of the
dendrite is a function of the applied voltage and

[Q0LOF; tWhelbAWagefis hPIiEE RSl d S JiYarReR! QRREe, baynoravolatile

renovi ng the voltage or the dendrite may be retracte
metal deipacie tapiaidgrdne froat Badeathode avelp e StPted bRHRIasP¥n conductor
towards rt}?;:/ (aerrlgclierf].gThe growth rate of the dendrite is a function of the applied voltage
and time; the growth of the dendrite may be stopped by removing the voltage or the
dendrite may be retracted back towards the cathode, or even disintegrated, by reversing
the voltage polarity at the anode and cathode. Changes in the length and width of the

dendrite affect the resistance and capacitance of the variable resistance memory device.

[0011] Some examples of variable resistance memory devices and methods of
manufacturing such devices are disclosed in U.S. Patent Nos. 7,149,100; 7,064,970;
6,348,365; and 6,930,909, and U.S. Publication Nos. 2006/0099822; and 2004/0238918,
assigned to Micron Technology Inc. and incorporated herein by reference. The memory

cells manufactured using the methods disclosed in the above-mentioned publications



the voltage polarity at the anode and cat hode. Changes
in the length and width of the dendrite affect the

WO e®9e08Bce and capacitance of the vari abl e r eRCBHUSI00&004729
menory device. [0011] Sone exanples of variable
resi stance nenory devices and net hods of manufacturing
such devices are disclosed in U S. Patent Nos.
7,149, 100; 7,064,970; 6,348,365; and 6,930,909, and
U. S. Publication Nos. 2006/ 0099822; and 2004/ 0238918,
assigned to Mcron Technol ogy I nc. and incorporated

result inkEpRNAr Bcirele 6?E}{éetogl(lﬁgslggE?%th}{r;agédaggznf@e"h'\fa@élélrr@éhlting in non-

usi ng the methods di ove- ment i oned

uniformpiddttie dleldasd eGbsdquient SigRbPaEgBlyaeduade at the top of
a layer of chal cogenide material ‘resulting in non

uniformelectric field and subsequent signal integrity

[00agpes.In[y@0 2RbtHen k8t ofinstibisle resiamncothaald mat&ials used in non-

resi stance change materials used in non volatile

volatile reatibomaecse ssemenpd gvidevdre grhase ehatgesmatdréaigie A specific
materials. A specific chalcogenide currently used in

chalcogerede cuabtlp usedpacewditaabde (Jrapasdisgs (“STERYBEH) Te&e9mTes. In

. addition to having val uabl e optical properties that

additiongphaying vakableoiralproperties ticei b utdiged|in 6 sV discs, GeaSbaTes
desirabl e physical properties as a variable resistance

also has glgsisablgiphyvicpl preperbaprhavroablegesigancematatalrey argupe

. used vari ahl e resistance materials. and which, are )
combinafiingioh Géo b 86| YrhEr e asiable tesistatedrriarisls and which are

hercin colsely e Fpo 60 RAGEIdn o RAe Y G P RS <pggructural
phases bEfiTer 3 SRRERR phof A8 BPH Uk hER Gy T Lot the
oo R 1S5 R e e P RESL DL S ol bt
phases (LSBT AUCHE, Loph S aerS el @RI e
amorph(%sh@BT id Efb%'texi thaf QAP i Stn L3 fTehles LARR TS P6r B@)@agonal GST,
whose resistances are similar to each other. Thus, in comparing the resistances of the
various phases of GST, GST may be considered a two-state material (amorphous GST and
crystalline GST), with each state having a different resistance that can be equated with a

corresponding binary state. A variable resistance material such as GST whose resistance

changes according to its material phase is referred to as a phase change material.

[0013]  The transition from one GST phase to another occurs in response to
temperature changes of the GST material. As shown in FIG. 1, the GST material has a
melting temperature Tm and a crystallization temperature Tx. The crystallization
temperature Tx is lower than the melting temperature Tm. Both the crystallization
temperature Tx and the melting temperature Tm are higher than room temperature. Two

curves are shown in FIG. 1, one curve for a-GST and the other for c-GST, h-GST. When the
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various phases of GST, GST may be considered a
two-state material (anorphous GST and crystalline
w@3my/008a8t h each state having a different resi BECHOS®08/004729
that can be equated with a corresponding binary state.
A variabl e resistance material such as GST whose
resi stance changes according to its material phase is
referred to as a phase change material. [0013] The
transition fromone GST phase to another occurs in
response to tenperature changes of the GST material.
GST magrishisreatar #die the méleingSImpet etur@ il e GSTRAAtbAS loses its
tenperature Tmand a crystallization tenperature Tx.
crystallineestewgryteal If theaGSdrmaemaé isthen eafidlg cooledrtotrbam tel®perature, the
melting tenperature Tm Both the crystallization
GST materipleis g@tm@d igrah amerpledusi stgtet-etieevating @ ctumrteolfaghenllow a
than roomtenperature. Two curves are shown in FIG 1,
crystallpieestiyigtyee ogroxy.cOm tha@therdandnrthe GSTmGSFiallis GSFmed to a
When éheGST material is heated above the nelting
temperatygeabarqithe crirstalvationtermpesstuse Tl bad delavs tihe petltihg itereperature
T structure. If the GST material is then rapidly cool ed
m a cry %aﬁ‘éﬁrﬁ“t%ﬁyb@rlatagketo §RY - Aamcereanareartd ingo p erywsallinetsoructure, the

n.anmorphous state ... the cooling, occurs too fast to
GST maliphi{Rns i 2 istalling FRLEWE UB! fiipaBaiorhamed abaes the melting
temper 887 T OBy i S Bh B, 58T reglerisgigbte n ither
theanwﬂgﬁoﬂgbfkﬁ%uﬁﬁﬁ%?ﬁ%&%fe Tm a crystalline structure is

anle to grow.

e converted into a crystalline
structure, the GST material remains in a crystalline
§014yCt URLa BRhd cdngleSmagdk Ltin
2 en%er oo Bag] chansepes %mgf‘ggﬁhgﬂte%?’g%gnn?gﬁﬁggﬁtcﬁ?g,ccur by

causing dhiffeiEd sFRRAGIHsAf duSreplk 8DKIBwW thrEliER Bhe 538 AT RNO¥He Y/ST material
crystalline phases. [0014] In a phase change nenory

P ety g R PR Gt
thus warmireg thed GSTheat€SE] e emhpérature wherein a crystalline structure may grow.
A stronger melting current is used to melt the GST material for subsequent cooling to an
amorphous state. As the typical phase change memory cell uses the crystalline state to
represent one logic value, e.g., a binary “1,” and the amorphous state to represent another
logic value, e.g., a binary “0,” the crystallizing current is referred to as a set current Iser and
the melting current is referred to as an erase or reset current Iesr. One skilled in the art will

understand, however, that the assignment of GST states to binary values may be switched

if desired.

[0015]  The state of the GST material is determined by applying a small read
voltage V: across two electrodes and by measuring the resultant read current I, A lower

read current I: corresponds to a higher resistance. Thus, a relatively low read current I



is placed in a crystalline state by passing a
crystallizing current through the GST material, thus
wOR008100893t he GST material to a tenperature wheP&i/HS208/004729
crystalline structure may grow. A stronger nelting
current is used to nelt the GST material for
subsequent cooling to an anorphous state. As the
typi cal phase change nmenory cell uses the crystalline
state to represent one logic value, e.g., a binary
"1," and the anorphous state to represent another
signifie$ Byit the @Senaterigl is ia dni arapyphds'stateench a sdlafi vélzitigh read current
current is referred to as a set current |SET and the
I signifigs|thatie &fTr evateriad is af @crysthltive agmtan erase or reset
current IRST. One skilled in the art will understand,
however, that the assignnent of GST states to binary
[(@l6des Fag pbesesqhanging citregtisiappdied[toshs GSThmateriztle/imlectrodes

the GST material is determined by applying a small .
that boynehy l3ysr ch e Vo Tapriesial-t Woe Brasent Beasfagiaripg preeesarpsugts in a

he resultant read rent L. Alo read current Ir _
planar ea%fr%fﬂp%ﬁfa% t%ogarﬁ éﬁt#a%s iB§€aAf§8é>.V%'etf5rﬁ genfiguragiogsiof éhgbounding
low read current Lsignifie at the GST material .is
surface p oF Bk i offetrons P e BT dRua GRIrGh g Rbithin the GST
. rent | Lgnifies that the GST material is in a
matenagérj{?srfogleﬂluﬁgy?fsgf]byl 016] The phase-changi ng current
is applied to the GST material via electrodes that

[ (?gw’z d asbayaln ggir, fhidfe gsa-rn{ﬁ?i: @)& :nﬁétgogg &nf rs?féll%p&reF gv&ergtcurrent

nuf act uri ng ocess res anar ect

densitie'(é: REA AR ¢ fiEl@%lg?_ﬁeLLgﬁggl%lg%ﬁyﬁ%t rdsiting in SL]gbsteﬁLelent uniform

onfigurations ing surface areas o
signal irit jg}_ectrodes and the GST | ayer, current densities

wthi'n the GST material are not equally distributed.

[0017] Accordingly, there is a need for nethods and

structures BRIEE DESCRIMTION SR THE BRAWINGSric field
may be uniformy distributed resulting in subsequent

uni form
[0018]  FIG. 1 illustrates the phase transitions for a GST material.

[0019] F1G. 2 is a cross-sectional view of a first embodiment described herein

depicting a semiconductor substrate at an initial stage of processing.

[0020]  FIG. 3 is a cross-sectional view of the first embodiment during a stage of

fabrication subsequent to that shown in FIG. 2.

[0021]  FIG. 4 is a cross-sectional view of the first embodiment during a stage of

fabrication subsequent to that shown in FIG. 3.

[0022)  FIG. 5 is a cross-sectional view of the first embodiment during a stage of

fabrication subsequent to that shown in FIG. 4.



signal integrity. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0018] FIG 1 illustrates the phase transitions for a
w@ammesoer i al . [0019] FIG 2 is a cross-secti oPel/US1008004729

of a first enbodi ment described herein depicting a

sem conductor substrate at an initial stage of

processing. [0020] FIG 3 is a cross-sectional view of
the first enbodi ment during a stage of fabrication
subsequent to that shown in FIG 2. [0021] FIG 4 is a
cross-sectional view of the first enmbodi ment during a

[ER3pe OFIC.@l5 aeaddsaRcEORSeALRTIS the fitftaimbbdimeritturing a stage of
3. [0022] FIG 5 is a cross-sectional view of the

fabricatibhrssibseqdeaditoeindt stharirngh BIGtage of fabrication
subsequent to that shown in FIG 4.[0023] FIG 6 is a
cross-sectional view of the first enbodi nent during a
[(BRape dfIG. dbs hcatdsarcsahseadersdf thefirdtaimisdubimeritrl urig a stage of
5. [0024] FIG 7 is a cross-sectional view of the
fabricatiphsgbserroditertimat shomimign FlGtbage of fabri cati on
subsequent to that shown in FIG 6. [0025] FIG 8 is a
cross-sectional view of the first enbodi nent during a
[WRahe dilG 80¢ R cBRsSTRCHOmE aden e thefitsiembodineritduring a stage of
.. [g026] FIG 9 is a cross-sectional view of the
fabricatipp supseqysaditorthat shamimig s age of fabricati on
subsequent to that shown in FIG 8 . [0027] FIG 10

0Bl i kG4 Bt ot SonaSarY BRate reeRboiment during a sage of

fabrication subsequent to that shown in FIG. 8.

[0027]  FIG. 10 illustrates a phase change memory bit structure containing

embodiments described herein.

[0028]  FIG. 11 illustrates an array of phase change memory bit structures

containing embodiments described herein.

[0029]  FIG. 12 illustrates an integrated circuit package containing embodiments

described herein.

[0030]  FIG. 13 illustrates a processing system containing embodiments described

herein.
DETAILED DESCRIPTION OF THE INVENTION

[0031]  Disclosed embodiments relate to an inverted variable resistance memory

cell and a method of making the same.



[0028] FIG 11 illustrates an array of phase change
menory bit structures containing enbodi nents descri bed

wheeeies3f 0029] FIG 12 illustrates an i ntegr ab@Hus2008/004729
circuit package contai ni ng enbodi ments descri bed
herein. [0030] FIG 13 illustrates a processing system

cont ai ni ng enbodi nents descri bed herein. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [ 0031] Di scl osed

enbodi nents relate to an inverted vari abl e resi stance
menory cell and a nethod of making the sane.[0032] The

[0esm " s Ubsttemh €Subtttiet asédhih fHel folvivings d@&@fpﬁ&{ MayTR¥lude any
i ncl ude any supporting structure including, but oy

supportingistredture indudarg, bandoclioteglbs i s@heconkaictdiasibafrate that has an
exposed substrate surface. A sem conductor substrate

exposed hobsthtbsutfader Atseodcdrad uatot sidstisitd slomuld de-wmderb&iodr to include
(SA), silicon-on-sapphire (SCS), doped and undoped

silicon- @,’éﬂn%dﬁm<£$@I)sslllepmoafo<$aqdphlw(éﬂs ).adopd arbondoppdserdconductors,

i@ﬁa base sem conductor foundati on, and ot her
epitaxia dajess Alsiicon sepparted bys bashsami efrshmterfoundatios, ad ather

. sem conduct or substrate or wafer in the follow ng
SemicongBALPY PrigH e e hrD usepereds Mastedps semyichadectoeenbstrate or wafer

h fCﬂL{gllze tqQ formregions or junctions in_or over the
in the SEURHARL e VERUS RAQSEHSteRs mwélaga been atidizaddd form

sem conduct.or.- based, bu y support

reglonsgfmf?w 19 7 C3BT 1%&15@@@@5%4%@0 Y0¥ ToPEgHianed he substrate need
not e M BT, TS i A ke S8 S tpesnporin

th V, Co, Ni, Pd, Fe and Mh as disclosed in
t )
11’1 egratgeg?rqgat ent |\b

[0033] The term “variable resistance material” is intended to include -
amorphous silicon doped with V, Co, Ni, Pd, Fe and Mn as disclosed in U.S. Patent No.
5,541,869 to Rose et al.; perovskite materials such as Pra-xCaMnQOs (PCMO), Lap»CaMnOs
(LCMO), LaSrMnOs (LSMO), GdBaCoxOy (GBCO) as disclosed in U.S. Patent No. 6,473,332
to Ignatiev et al.; doped chalcogenide glass of the formula A«By, where "B" is selected from
among S, Se and Te and mixtures thereof, and where "A" includes at least one element
from Group III-B (B, Al, Ga, In, TI), Group IV-B (C, Si, Ge, Sn, Pb), Group V-B (N, P, As, Sb,
Bi), or Group VII-B (F, Cl, Br, I, At) of the periodic table, and with the dopant being
selected from among the noble metals and transition metals, including Ag, Au, Pt, Cu, Cd,
Ir, Ry, Co, Cr, Mn or Nj, as disclosed in U.S. Patent Nos. 6,881,623 and 6,888,155 to
Campbell et al. and Campbell, respectively; and a carbon-polymer film comprising carbon
black particulates or graphite, for example, mixed into a plastic polymer, such as that

disclosed in U.S. Patent No. 6,072,716 to Jacobson et al.



5,541,869 to Rose et al.; perovskite materials such as
Pro- x) CaxMn@3 (PCMD), Laa-x)Ca Mg 3 (LCMO, LaSrMO 3
W@ L®MD)893GdBaCoxOy (GBCO) as disclosed i n U S PECHUSWS/004729

No. 6,473,332 to Ignatiev et al.; doped chal cogeni de
gl ass of the fornula AxBy, where "B" is selected from
anong S, Se and Te and m xtures thereof, and where "A"
i ncludes at |east one elenment fromGoup I|HB (B, A,
G, In, Tl), Goup IV-B (C, Si, G, Sn, Pb), Goup V-B
(N, P, As, Sb, Bi), or Goup VII-B (F, d, Br, |, At)

[63634 he {ePd ’Cchta?cl%'g%ni%g%@”tig‘iﬁtgﬁd&? P Hc1bgd g%s%ens that

el ecte rom anong -t he e netal s and trans

ComprisHN‘;?'i*@Hlérn_ehf‘ﬁbiﬁﬂ:i RELAIIA Ak gr%tug I@gof itk péﬁodi%g?%lg@i %r%lp VIA

or Ni, as disclosed in U. at ent Nos.

elementé‘,wscﬁreﬁ&%el PSak @%ﬁ@@g@%LinCﬁid@éulfmgl)E@@@@H (Se), rEcéllurium (Te),

respectively; and a carbon- pol yner m conpri si

poloniugaHeyrtd eglgdpaid)i cul ates or graphite, for exanple,
m xed into a plastic polyner, such as that disclosed

in US Patent No. 6,072,716 to Jacobson et al.[0034]
[0036] t erThe ehal ‘Grigsaictengd amséridls id mtendiettd ocludd vatgous phase-
gl asses that conprise an el enent fromgroup VIA (or
change mabarpld, 8)ichhs CeeSipéed @10, Gabhbe, GaledfbVeAaetehpinShTe.
al so referred to as chal cogens, include sulfur (9S),
sel enium (Se), tellurium (Te), polonium (Po), and
[BR¢hen RebprrifosBlG. Phe pheparhyigesaentoangell A8Y ek p dirst gtage of
. intended to inc]lude various phasechange nmaterial s,
fabricatigy) dfshv e Astymsendagpy subgiaied ), wucheasshsiitean veafer, preferably

about 10T 30 KD, et Ui PagaobpiouB e the memory
ct 100, 7 WA B B SRR PR oo 5B el 108 e
insulat LTS 80851 DD E R R BRSATpHE yformed ove
the subsBGtd ¥Fah&ThPMEarlsihtdNEaBRSES @bf sHOwnfaldotBlied with the substrate 10.
The first insulating layer 11 may be formed by any deposition method, such as, for
example, sputtering, chemical vapor deposition (CVD), plasma enhanced CVD (PECVD),
or physical vapor deposition (PVD). The first insulating layer 11 is preferably in the range
of 3000 A to 6000 A thick.

[0037]  The first insulating layer 11 may be formed of a conventional insulating
nitride, oxide or any other insulating or dielectric material. The first insulating layer 11
may be, for example, silicon or silicon-based, such as silicon nitride. Conductive plugs
(not shown), which may be formed of polysilicon, are formed in the first insulating layer
11 connecting to the transistor source drain regions in the substrate 10. A masking
material 12 patterned to have necessary openings is formed over the first insulating layer

11.
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insulating layer 11, for exanple, a
bor o- phospho-silicate glass (BPSG |ayer, is forned
W@®p/004981 substrate 10 and any transi stor gat eBCEHUE208/004729

(not shown) associated with the substrate 10. The
first insulating |ayer 11 nmay be fornmed by any
deposition nethod, such as, for exanple, sputtering,
chem cal vapor deposition (CVD), plasma enhanced CVD
(PECVD), or physical vapor deposition (PVD). The first
insulating layer 11 is preferably in the range of 3000
[60389 GOREfehrihhts KIG [DORS firstes fihtiSg 1dyesul & bftHed Y Borm a via 14.
11 may be forned of a conventional "insulating nitride,

The etcldngdedone asyigahbefiaskivsdihatérg 101(FIG &) @@l dsgofBLRY bdning 13 (FIG.
The first insulating layer 11 may be, for exanple,

2). The sidhirgprenovesi drirmaskdoas@dions of theafirss ingudstingldylek € to form the via
Conductive plugs (not shown), which nay be formed of

14 havingp$ubsitdritedly, veatiealfsodeweallls M he first insulating |ayer
11 connecting to the transistor source drain regions
in the substrate 10. A masking material 12 patterned
[Q08%hav eA heeet strhiriy thereperigemed té emeeth oukthet prefifié asthe top portion
insulating layer 11.[0038] Referring to FIG 3, the

of the vigjlddp fprB @ sabsieg tiadly amiforn kemispheticeldopgrantiantisaag ghown in

done using the nmasking material 12

FIG. 4 lg?eetchingigg ) > )

-4 PEedueyt Grirerbrsyegdhe fspeithngelmptigm gorgpn of Hee via 14 has
substan S B8 T S OB S5t eSSl s g hassubstantiny
wnitorr IS BB RN UEH ShBte LSS b R B e bR sidewat

. ' ia 14 f . tiall )
150 pfEOR BRSSO Ot e bt Bl DTS AN Pl porton
15 haveg.raﬁé}g?ﬁ%?&;ghg;@lfggéapaﬁon& the facet etch, the bottom

portion as substantially vertica
sidewal I s 15b and the top portion 15 of the via 14 has

[GB4bpt arkdfédring now to FIG. 5, portions of the via 14 are filled with a conductive
material, such as, for example, tungsten, platinum, titanium nitride (TiN), tantunum
nitride, or titanium aluminum nitride, to form a first conductive layer 16. The first
conductive layer 16 has substantially uniform thickness, preferably 150 A, along the
sidewalls 15a (FIG. 4) of the top portion 15 and substantially completely fills the bottom
portion of the via 14. The first conductive layer 16 is then planarized down to the top
surface of the first insulating layer 11, by using an abrasive planarization etching
technique, such as, for example, chemical mechanical planarization (CMP). The first

conductive layer 16 acts as a first electrode for the memory cell 100.

[0041] -Referring to FIG. 6, a phase change material is deposited onto the first
conductive layer 16 to form a phase change material layer 17. The phase change material

may be deposited by any deposition method, such as, for example, sputtering, chemical
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uni form hem spheri cal - shaped sidewal | s 15a. The
di stance between the vertical sidewalls 15b is
wee@peosabl y about 300 A The hem spheri cal - shap@rus2008/004729
sidewal | s 15a of the top portion 15 have a radi us,
preferably, of about 1500 A. [0040] Referring nowto
FIG 5, portions of the via 14 are filled with a
conductive material, such as, for exanple, tungsten,
platinum titaniumnitride (TiN), tantunumnitride, or
titaniumalumnumnitride, to forma first conductive
vapor deppeitioch6(CVDE plagrsa eslonttiedtdVE (PERYBID)L6r pA§sical vapor deposition
substantially uniformthickness, preferably 150 ,&3
(PVD). diterphaseehsngewsdtesallisper( F iSthdr) Fllfnaﬁb@d tdeRvIR @S thOdpldurface of
~and substantially conpletely fills the bottom portion
the firstghsuplagingilayal 1, Phieising an abasiecplamerikayat etthirigstechRique, such as,
pl anari zed down to the top surface of the first
for exapplg, chemigp! mgebanical ployatisation £aMADr Tohs ethe phase change material
7o_l i%?ri zation etching technique, such as, for exanple,
layer 1735 deft oly wedana dANFIRI dhari zati on (CMP). The first
conductive layer 16 acts as a first electrode for the

ry cell 100. &\004 ] Referring to FIG 6, a phase

ﬁ@ﬁge PRFTARON; sntially Senysphrsidal eapeohitheqhase change

. 6 tq f. h h ial | 17. Th
materia BXEE 12 Rl dac Rl A1 B B8 Haboan i ByPANGA to the phase change

; 1] th 1SUC s, . for .exanple, sputtering,
materia RSl R B RS A el e SR P st iind

1 - d it PVYD). .The . :

comp e i S R o PFRES oG st aahs s FePTe signal
integrit}.he top surface of the first insulating |ayer 11, by

usi ng an abrasive planarization etching technique,
such as, for exanple, chem cal nechanica

anar i Ziaé | ' i
(Pl 24 (VL TS| 408 0135 DS B varai

resistan¢emapaiatdrahalcofenisiegiBntihal supshei apheiict Al hehdpherlal-shaped
t he phase change
phase change material layer 17 may facilitate a uniform electrical field being applied to the

variable resistance material or chalcogenide glass.

[0044]  Referring to FIGS. 7-8, a second insulating layer 18 is formed over the
phase change material layer 17, the first conductive layer 16, and the first insulating layer
11. The second insulating layer 18 may be formed of boro-phospho-silicate glass (BPSG), a
conventional insulating nitride, oxide or any other insulating or dielectric materials. The
second insulating layer 18 may be formed by any deposition method, such as, for example,
sputtering, chemical vapor deposition (CVD), plasma enhanced CVD (PECVD), or
physical vapor deposition (PVD). The second insulating layer 18 is in the range of 100 A to
5000 A thick.
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material layer 17 will facilitate a uniformelectrica
field being applied to the phase change material. The
wWor0g/0e89ehl y di stributed electric field resul tBCT/HS2008/004729
nore evenly and conpletely transfornmed hem spherica
anor phous region resulting in desirable signa
integrity. [0043] The phase change material |ayer 17
may al so be formed of other variable resistance
mat eri al or chal cogeni de gl ass. The substantially
uni form hem spheri cal - shaped phase change materia
[0@G4p¢r 1A maskihgehhtetial layar Wisfformedlowet thegdcohiihslilating layer
being applied to the variable resistance material or
18. Theghadlongemitdeablagss19 [sQidrnReiertr openihgs i &propriite ocations.
second insulating layer 18 is fornmed over the phase
The secordipalatinglayat 18 sy@chdd to fdren 4 vies21 FdGd8)chsivg thayessking
16, and the first insulating |layer 11. The second
material Jagar 49 (& PhyEhe eghing/raseofesrursdasifed portions of the second
. _bor o-phospho-silicate glass (BPSG a conventiona
insulating, apeztlpig form thejgia xitde. & any ot her insul ating or
dielectric materials. The second insulating | ayer 18
such as,

T RO YR ST T
econa BB BE S, SR T s rahIAT R S8R et rouctie
s 20 O A B A AL SRR gy v
The secd Y oo 16, AP 00,TBLEL LR L NEE 09 2R S0 0. e

second %&ﬂﬂcﬁk% 1 dr BYGE t(r%ﬁlé x%nga%!?gﬁO otofﬁ)'b?g@zlﬁ%]g 21 (Fl G

) using t’he maski ng materi a ayer 7). The
et chi ng renoves unmasked portions of the second

[00asy| atTHWinvayRl plifhsk @hhREdiehRoryicall 480 (fabfca®@l-as illustrated in
FIGS. 2-9, results in a uniform electric field in the phase change material layer 17. A
further advantage of the fabrication process is the minimal damage to the phase change
material layer 17 from any potential reactive ion etching (RIE) and thereby, preventing
formation of any non-uniform surface on the phase change material layer 17 resulting in a

uniform electric field.

[0048]  The phase change memory cell 100 may be arranged into a memory bit
structure 1001, illustrated in FIG. 10. The memory cell 100 is connected to a cell select line
1002 via the cell’s first or second electrode. The opposing electrode is connected to a
source /drain terminal of an access device 1003 such as an access transistor. The access’
device 1003 is gated by a word line 1004. A bit line 1005 provides a source to the access
device 1003 and is connected to the memory cell 100 when the access device 1003 is

activated by a signal on the word line 1004.
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[0046] Referring to FIG 9, a second conductive | ayer
20 is fornmed over the second insulating | ayer 18,
wauwsvessi al ly filling the via 21 (FIG 8). TheCHESWNE004729
conductive layer 20 may be fornmed of material such as
for exanple, titaniumnitride (TiN) or silver. The
second conductive |layer 20 acts as a second el ectrode
for the nmenory cell 100. The second conductive | ayer
20 is in the range of 300 A to 2000 A thick. [0047]
The inverted phase change nenory cell 100, fabricated
[0849] | | URHe mieathriyibi RtGRtuRs9,00t @6 H1E s10 mag benirtarged in an array of
electric field In the phase change material |ayer 17.
memoryAit sirtibiereads st sigeed in FH@. Fladnikdat 1 bre meowegsidvice HEO includes
m ni mal damage to the phase change material |ayer 17
an arrayfaforremioyy pitséntdratesrléak-10d pi. drheanetriony bfRitE)ctares 1001a-1001p
t hereby, preventing formati on of any non-uniform
are arrangad BjCI@W)ﬁ’laI[lChéOlplhm Brearages and eoluaing myggbepartially staggered or
resulting in a uniformelectric field. [0048] The
may be @itgmsl arasigep lemasalel gsid asiodFIfmy 1 b&hamremgeuDit sigchires 1001a-
nmory bit structure 1001, illustrated in FIG 10. The
1001p alﬁ@g@ny gieen celpseleet lmenrela-dd29ddg nosphated erpmarnword fine 1130a-

11304, %8%@@%?&’%%{%@2' sgéﬁmééqsilﬁ??f%‘?% Us5lob8 el an cell select
. ' . 1
line 1124&1?21?50%%‘%%" e adoulyO L %ﬁ-ﬁ% at A g g
1004, . A
memory, Clg strgctire IlSClénlﬁblgbf 151%89‘19%? gg/n he ¢ g%%u"i‘eds ?ﬁg&?or¥ & ttﬁgzew?id line to

which tl{leog ntg’lla)? @hé F‘%n@c&gfe%ﬁ a@@é@s g Sélxgﬁ\eac%% \é"i"n‘%iﬁtglrek&g%elect line to
which t}gﬁlﬁ%{%y;tgg}@ggmgd@ G 10 may be arr anged in an array

it structures, as illustrated in FIG 11.
In FIG 11, a nenory devi ce 1100 incl udes an array of

[OUBOPr Y Hich wbFdiGhen €30a-030d-ik hiectdd & awrBrEird driver in the form
structures IO a-10d p
of a row decoder 1160 for selecting the respective word line for an access operation.
Similarly, each cell select line 1120a-1120d is coupled to a driver in the form of a column
decoder 1150. The current passing through a selected memory bit structure 1001a-1001p is

measured by sense amplifiers 1170a, 1170d connected respectively to the cell select lines

1120a-1120d.

[0051]  For simplicity, FIG. 11 illustrates a memory array having only four rows
of memory bit structures 1001 on four cell select lines 1120a-1120d and four columns of
memory bit structures 1001 on four word lines 1130a-1130d. However, it should be
understood that in practical applications, the memory device 1100 has significantly more
memory bit structures in an array. For example, an actual memory device may include

several million memory bit structures 1001 arranged in a number of subarrays.
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are arranged in rows and colums. The rows and col ums
may be partially staggered or nay be aligned as a
waposploasdparal l el grid as in FIG 11. The menorBChUS2008/004729

structures 100la- 1001p along any given cell select

line 1120a-1120d do not share a common word |ine

1130a- 1130d. Additionally, the nmenory bit structures

| OQ a-10A p along any given cell select |ine

1120a-1120d do not share a common bit |ine

1140a- 1140d. In this manner, each nmenory bit structure

[00529ni quehpubHeMbdttdted by sifdle atethonedesed etd0 FIC. 11, the

the word liné to which the gate of the nenory cel
memoryd6eiss 118 iree besfabpioaedtastharaofta irieenaxgldrrgehed bpkiated with

to which the nenory cell i's connected. [0050] Each
memoryelechdnit Aecebd dtanitd 30d atess omaeetyddciuainmg wopperd borel pads having

driver in the formof a row decoder 1160 for selecting
nickel cdpee respective word line for an access operation.

Simlarly, each cell select line 1120a-1120d is

coupled to a driver in the formof a colum decoder '

[A0680. THIE ddrilestratea dhatibe memooghdevieel K GdGnEhungy be used in

] bit structure 100 a-10d p is nmeasured by sense i
an integgatedi diicaitamemPoy ,Paitlﬂg)%ﬂ?z)@n Adetraemprs gevice V&P (Fle. dhkis
. cell selgct lines 1120a-1120d. [0051% For sinpl%cit¥, )

physicafty grounted on s roxndugzs s aFe LB g s RgPlg pfipchpgnt material.

ponet L Ta R B T SO BB e
100 f l,i 1. 1308~1 130d, : .

bond p%mgﬁﬁ?tm tiﬁ%ogxgtlf{}%\é\gl?%f%%ggﬁﬂ é)ta%ils %B% 38_?%(%&?3(1 wires which

connect?rgé) gﬁeﬁiggﬁeﬁﬁr{ﬂ%{?ﬁ&cﬁ%rg ?P{étcs%olxég %x@ﬁ&%é%(%ﬁgﬁgﬁbd The

ctures 'In an ray.
perihefll REOVEL TRy e ey v sraho oo i

11), alox%W@V&iirQQélzltoﬁlnthQ% hhl Wi fedt80d A8 (o th8emory device
nory device 1100 in FIG 11, the

1100 (FIG. 11). The peripheral circuitry may also include other circuitry used for

controlling or otherwise insuring the proper functioning of the memory device 1100 (FIG.

11).

[0054]  FIG. 13 illustrates a processing system 900 which utilizes a memory
device 1100 containing an array of phase change memory cells 100 (FIG. 10) constructed as
described above with reference to FIGS. 2-11. The processing system 900 includes one or
more processors 901 coupled to a local bus 904. A memory controller 902 and a primary
bus bridge 903 are also coupled the local bus 904. The processing system 900 may include
multiple memory controllers 902 and/or multiple primary bus bridges 903. The memory

controller 902 and the primary bus bridge 903 may be integrated as a single device 906.
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menory device 1100 may be fabricated as part of a

menory array and operated with nenory el enment access
W@R000008931 t he access circuitry includi ng coppRCT/b82008/004729

pads havi ng nickel caps. [0053] FIG 12 illustrates

that the nenory device 1100 (FIG 11) may be used in

an integrated circuit nenory package 1200. The nenory

device 1100 (FIG 11) is physically nounted on a

nmounti ng substrate 1203 using a suitabl e attachment

material. Bond wires 1205 are used to provide

[@0538t r | Thé neonmgcidrerplke9oe enaltd eohple@d6 dnebrehbfe Meffbry buses
pads 1201, 1202 and the nounting su%strate bond pads v

907. Eadl2enamd/ lous deagdtswnesorivedaipobenseinB, iviectdirel 04t 1bast one
peri pheral circuitry (not shown) external of package

memoryl@8@ice The0. paitepleinaly, di mesimptifiedBy stient Ithie eneshsguidnitioller 902
for addressing the nenory device 1100 (FIG 11), along

may be wirtitted ianduthe myerhory seroponentdatizect!p cangledetororevommodapeocessors
fromthe nenory device 1100 (FIG 11). The peri pheral

901. Themempry gompynents §0 medyuble aondrepriciarduirta yepsag rodule. The
controlling or otherwi se insuring the proper

memoryf mmppaﬁmﬁsgoéﬁmm@cm‘me gevicse addopnatdeviceg §09. For example,
[ 0054] FIG 13 illustrates a processing_system 900

the add hdgyice PQ%gugL\hﬁ% CONHBYTaterMmEm B L hE A eIg RN controller 902

may a1 SSh el AIRGIEIBL £ 8190 (FL e 0L 1 s oy
cache gL e B R P A SR BB MRy ot
procss 3305 9 D9800 LT8R 495 298 LBy i
cache m%ﬁy gi@g.u g@bﬁ?rrétﬁaggﬁ%% S96g %ﬁ@%@@ﬁgﬁg&)}/&a&dé&{&oﬂers which
are bus masters or which support direct memory access (DMA), the memory controller 902
may implement a cache coherency protocol. If the memory controller 902 is coupled to a
plurality of memory buses 907, each memory bus 907 may be operated in parallel, or

different address ranges may be mapped to different memory buses 907.

{0056]  The primary bus bridge 903 is coupled to at least one peripheral bus 910.
Various devices, such as peripherals or additional bus bridges may be coupled to the
peripheral bus 910. These devices may include a storage controller 911, a miscellaneous
I/O device 914, a secondary bus bridge 915, a multimedia processor 918, a legacy device
interface 920, a floppy disk drive, and a compact disc ROM drive. The primary bus bridge
903 may also be coupled to one or more special purpose high speed ports 922. Ina
personal computer, for example, the special purpose port might be the Accelerated
Graphics Port (AGP), used to couple a high performance video card to the processing

system 900.
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controller 902 and the primary bus bridge 903 may be

integrated as a single device 906.[0055] The nenory
w@omwvoedBer 902 is al so coupled to one or nor ePEEIBI0PS8/004729

buses 907. Each nenory bus accepts nmenory conponents

908, which include at | east one nenory device 1100.

Alternatively, in a sinplified system the nenory

controller 902 may be omtted and the nenory

conmponents directly coupled to one or nbre processors

901. The nmenory conponents 908 may be a nenory card or

[00378 0T YhéBdiage cdit@oli@ Yot Pa3@ienirsn8iSstBPiged Glitidd13, via a

one or nore additional devices 909. For exanple, the

storage daidiol2,aoahe pevipherdMhsHilghFobexamphnthegstbatdeadniRiRE Y11 may be
The nmenory controller 902 may al so be coupled to a

a SCSI cativdlemandsyora@b devives 048 e ynenBCy] Gi6Ss. e PO ddvgcofidymay be
cache nmenory in the processing system Alternatively,

any soroofhperiplerak dr éxampEr atinel14) devive §34 onay D04 lomy asdasietwork
i ncl ude cache nenories, which may forma cache
interfacpssichrasiap Ethemetaehd onmmpyalg@&medla detisepr Sbeseiomglary bus bridge
system 900 i nclude peripherals or controllers which
may be ars@d tmg\tﬁtﬁ@@@@d@wn\ahd@wcgw;a@mﬂcﬁrrbé@tto tearprocessiogsystem. For
the nmenory controller 902 nmay | ement a cache
examplf@z dhe ﬁ@iﬁwlapy bHg @51d8e| may ke W?gﬁa’c%ﬁ@#ngpﬁ éﬁJSBbezontsoller used to

couple ﬁgﬁﬁi@;gqggg gggk%ﬁicktgg%lgélsg%gg\r%q g@yes g’megl@ processor 918 may
be a 5o dliffeéenté%gd@(ﬁa ran es mae gﬂ%&g tgwgg di ff rcg?)%,h%hmay

also be GR{fEEo Seflprid %%%C?B WIS BRI R e %%%laegggefface 920
is used gﬁacyo fe fe%’é@!v %lg.vf bﬁf fB? ELAABY @51(@1‘%@&9 'kg{fi(?ac’rgls and mice, to the

e a ‘storag éontro

processﬂ‘%ss%@{érﬁ@@@us I/ O device 914 a secondary bus bridge
a multinmedi a processor 918, a | egacy device

interface 920, a floppy disk drive, and a conpact disc
(G dr | WehileTHIES. pBiiITAStYatesa Protddidig architecture especially suitable for a

general purpose computer, such as a personal computer or a workstation, it should be
recognized that well known modifications can be made to configure the processing system
900 to become more suitable for use in a variety of applications. For example, many
electronic devices which require processing may be implemented using a siﬁpler
architecture which relies on a CPU 901 coupled to memory components 908 and/or
memory devices 1100. These electronic devices may include, but are not limited to
audio/video processors and recorders, gaming consoles, digital television sets, wired or
wireless telephones, navigation devices (including systems based on a global positioning
system (GPS) and/or inertial navigation), and digital cameras and/or recorders. The
modifications may include, for example, elimination of unnecessary components, addition

of specialized devices or circuits, and/or integration of a plurality of devices.
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903 may al so be coupled to one or nore special purpose

hi gh speed ports 922. In a personal conputer, for
W@x@ns931 t he speci al purpose port m ght be theCT/US2008/004729

Accel erated Graphics Fort (AGP), used to couple a high

performance video card to the processing system

900. [ 0057] The storage controller 911 coupl es one or

nore storage devices 913, via a storage bus 912, to

t he peripheral bus 910. For exanple, the storage

controller 911 may be a SCSI controller and storage

[085Y] cest HotlaaysPbe %ﬁﬁecgait@& fhat Wagiolk EntidifRn&Ha BYeen
pheral .

be any sort of peri For exanple, the 1/0O device

describe@ ké dmy% Rehasd Beageah e hYRR lexbmptdraceiabidiedistn@naterial.
Et hernet card or renopvabl e nedi a devices. The

The inved€©o@Neay \ldouse bsdddgendrryoheldiaedry devi@sfiades other types of
addi ti onal devices via another bus to the processing
variable s¥ysétafive frater¢adanp Fahridabestsectongian iteteusirbertdiypmsitivy abe eectric
uni versal serial bus (USB) controller used to couple

field malJBB wafdiradg ddtribited hesupting assibrgqegst wnf@dO sighhkintegrity.
mul ti medi a processor 918 may be a sound card, a video
capture card, or any other type of nedia interface,
[0aADkh rithilalvetiobe epthodlimentohaiddbacnatescribied pbeke, sughpuld be
as speakers 919. The |l egacy device interface 920 is. .
understapsbthat shesobprabeasypreyentedityeyay 2f example RRAPIA ingitategn. It will
styl ed keyboards and mice, to the processing system .
be appargg to petsesp skieddnihesrelggant arf ghat yegious CB?B @5 tpg and detail
architecture especially suitable for a general purpose
can be uter, such as a personal conputer or a
wor kstation, it should be recognized that well known
nodi fi cations can be nmade to configure the processing
system 900 to becone nore suitable for use in a
vari ety of applications. For exanple, many el ectronic
devi ces which require processing nmay be inpl enented
using a sinpler
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architecture which relies on a CPU 901 coupled to
menory conponents 908 and/or nenory devices 1100.
wab@emeossBect roni ¢ devices may include, but ar ePCDUS2008/004729
limted to audi o/ vi deo processors and recorders,
gam ng consol es, digital television sets, wired or
W rel ess tel ephones, navigation devices (including
systens based on a gl obal positioning system (GPS)
and/or inertial navigation), and digital caneras
and/ or recorders. The nodifications may include, for
exanpl e, elimnation of ugpagegsary conponents,
addi tion of specialized devices or circuits, and/or
integration of a plurality of devices.[0059] It should
al s¥hbeisapgireci a8 welv hadtdeshied ab Hegrbadidteby $.chamePhreaiof the
descri bed as using a phase change nmaterial” as an
United Bte¢eqisary vari abl e resistance material. The invention
may al so be used in non-volatile nmenory devices using
ot her types of variable resistance materials to
It abipheat ehangaumenray celecampuisingnt densi ti es and
electric field may be uniformy distributed resulting
i n subsequent uniformsignal integrity. [0060] Wile
atiist Hiss i HYRE R ¥INgaATeOpRIERG dids @ieping Abving, a fap portion and a
shoul d be understood that they have been presented by
bottom Ravtign: exanpl e, and not linmitation. It will be
apparent to persons skilled in the relevant art that

] O3 RGBT PSP B S5 PBES So Be vin
sstan SR By SRS ER Bore  BAGRGancny i

theboﬁbﬁyﬁénﬂﬁyﬁga an opening, the opening having a top
portion and a bottom portion;

a phase change material layer formed over the first conductive layer.
2. The phase change memory cell of claim 1, further comprising:

a second insulating layer having an opening, the second insulating layer being
formed over the first insulating layer, the first conductive layer, and the phase change

material layer; and

a second conductive layer formed over the second insulating layer and substantially

filling the opening of the second insulating layer.

3. The phase change memory cell of claim 2, wherein the second insulating layer is

formed of material including boro-phospho-silicate glass.

4. The phase change memory cell of claim 1, wherein the phase change material

layer is formed of material comprising Ge:Sb.Tes.
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a first conductive |layer formed over the opening, the
first conductive |ayer having substantially uniform

W@ biogkossss al ong sidewal |s of the top portion BEIEIUS2008/004729
substantially filling the bottom portion; and a phase
change material layer forned over the first conductive
| ayer. 2 . The phase change nenory cell of claim1,
further conprising: a second insulating |ayer having
an opening, the second insulating | ayer being forned
over the first insulating layer, the first conductive

g, aMf‘ernpha%@Qhéﬂge %&f&mﬁ%mﬁ{ v Rbrei RYRE éoﬁg&t%n of the opening

second conductive | ayer fornmed over the sec

in the fitdSHbBRHAY 1dy2Y 8¢ s@darpiiIBt Réthisphbyichll | | i ng the opening
of the second insulating’layer. 3. The phase change
menory cell of claim2, wherein the second insulating

6 AR phaseichaARE nfim oMt @1 ¢t cldiftl Udh&@in the bottom portion of the

bor o- phospho-sSilicate glass. 4. The phase change
openingienthe)firseinsulating| laien Has substaitiallyher it std @halge

material layer is fornmed of material conprising

Ge2Sh2Tes. 5 . The phase change nenory cell of claim1,

AHdreghhmse lcbangp mponeriyorelladf ddis bpeherein the fitst condsctive layer is

insulating layer is substantially hem spherical. 6 .
formed Pheoptiagiveghategial cemprisingtungsterg tgamium nighideeamd targunum

.. bottom portion of the opening in the first insulating

nitride.| gyer has substantially vertical sidewalls. 7. The

phase change nenory cell of claim1l1l, wherein the first

SR g S ey el TP Nefs™ S EA g layer i
formed Bk Haitgr?al including boro-phospho-silicate glass.

9. A variable resistance memory cell, comprising:

a first insulating layer, the first insulating layer formed over a substrate;

a first electrode arranged as a via through the first insulating layer;

a variable resistance layer formed over the first electrode;

a second insulating layer being formed over the first insulating layer, the first

electrode, and the variable resistance layer; and
a second electrode arranged as a via through the second insulating layer.

10. The variable resistance memory cell of claim 9, wherein the variable resistance

layer is substantially hemispherical.

20



8 . The phase change nenory cell of claim1, wherein
the first insulating layer is forned of materi al
WO p@bekIsy bor o- phospho-silicate glass. 9. A vRCT/HEI088/004729
resi stance nenory cell, conprising: a first insulating
| ayer, the first insulating |ayer fornmed over a
substrate; a first electrode arranged as a via through
the first insulating |ayer; a variable resistance
| ayer forned over the first electrode; a second
|nsulat|n | ayer being formed over the first
Phaslheyas r*éD lp sgeastaneqmenmarytcell|of claimd®, whertin héop portion of the first
ariabl e resistance |ayer; and a second el ectrode
electro Wéﬁ@éﬁig"ﬁnﬁpﬁeﬂﬁﬂough the second insulating |ayer.
10. The vari abl e resistance nenory cell of claim?9,

ﬁ;ﬁlel n t variabl e resi st aﬂce | ayer is substantially
%ephaerﬂ‘“f afesistangqymeqngry 61l ©f cladinst, apereire ths frs¢ electrode and

ere to rtion, of the first
the seccjd st e \GEmEH iy mREL SHEVAT iSRS G gy vides sibies and
fesistance menmory cell of claim9, wherein the first
el ectrode and the second el ectrode are fornmed of a
mat eri al conpri sing tltanlun1n|tr|de S|Iver, and

By ﬁl@ﬁet\?é}lab}g’resimgn% ie%rgb'%ﬁ%lf §1t eer g]%e\:falsria%fle resistance

claim9, wherein the vari ere |st

layer is ff&rrﬁé’dj oPh n?atgﬁ&el'h'cﬁldlhg OPQH r&gg gﬁld%%% gsgc%\?slﬁ&ts materials,

gl ass, perovskite nate

doped a&ﬂﬁrplfm@%ﬂldé'naﬁﬁdi %a%#ﬁﬁa@tlc %62, rﬁérphase change menory

bit structure, conprisi ccess devi ce;

tungste

14. A phase change memory bit structure, comprising:

an access device;

a cell select line;

a bit line;

a word line; and

a phase change memory cell, the phase change memory cell comprising:

a first insulating layer having an opening, a top portion of the opening being

generally hemispherical;

a first conductive layer formed over the opening, the first conductive layer
having substantially uniform thickness along sidewalls of the top portion and

substantially filling a bottom portion of the opening;
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a cell select Iine; a bit line; a word line; and a
phase change nenory cell, the phase change nenory cel
w@orpiiedng: a first insulating | ayer havi ng aPCT/US2008/004729
opening, a top portion of the opening being generally
hem spherical; a first conductive |ayer formed over
the opening, the first conductive |ayer having
substantially uniformthickness along sidewalls of the
top portion and substantially filling a bottom portion
of the opening;a phase change material |ayer forned
over 4 pleasel dhahge andbiGhl IPer RYRled dvet FRO RSt ORURLLDtayer;
| ayer havi ng an opening, the second insulating |ayer
being forned over the first insulating |ayer, the

fi r sta sronddcnsulatihgyesrer hanthg fieophidng, BeaRaendMRIAGhg layer
l ayer; and a second conductive layer fornmed over the
bearg frd madsovertthe Girstapenlatingdapac dredico oshudld ke lag¥€land the phase
substantially filling the opening of the second
chasge statergall layer andher ei n t he phase change nenory cel
is connected to the cell select line and coupled to
the bit Iige t hrough the access device gated by the
wor d 3 SeRend ganductinelayor ipanriedeqver shp secondginsalapimgsleyer, the
hase change nenory array

change ry array, the S€ [
SEM?%%?“% Loy ‘?Ir%‘bﬁwtléﬁ)’\%hﬂg theyegening of the second insulating

layer,

wherein the phase change memory cell is connected to the cell select line and

coupled to the bit line through the access device gated by the word line.
15. A memory device, comprising:
a phase change memory array, the phase change memory array comprising:
a plurality of word lines;
a plurality of cell select lines;
a plurality of bit lines, and

a plurality of memory bit structures, each of the memory bit structures
including an access device and a phase change memory cell, the phase change
memory cell being connected with one of the plurality of cell select lines and
coupled with one of the plurality of bit lines through the access device gated by one

of the plurality of word lines, the phase change memory cell comprising:

a first insulating layer having an opening;
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a plurality of cell select lines; a plurality of bit

lines, and a plurality of nmenory bit structures, each
W@Roovkesdgenory bit structures including an accRGEUS2008/004729

devi ce and a phase change nenory cell, the phase

change nenory cell being connected with one of the

plurality of cell select |lines and coupled with one of

the plurality of bit Iines through the access device

gated by one of the plurality of word |ines, the phase

change nenory cell conprising: a first insulating

| ayera fieseinmgakblayepforineg; everithe bpeming) thewetaligyerathving

over the opening, the nmetal |ayer having substantially

subs fagut i Iy hirg forers thi el resg aBingiesidd W 81106 & tdPpopdsri bbthedpening and

t he opening and substantially filling a bottom portion

substansialpdiling a botphapertitantherapgening! | ayer for med

over the first metal layer; a second insulating |ayer

havi ng an opening, the second insulating |ayer being

f or medPAsechange Matetialilagen farined dvay e fitdtenétal ktyer;

nmetal |ayer, and the phase change material |ayer; and

a secondﬂagtal Iayeg1fo med over the second insulating

| ayer®Seafiyd pRyYlpHRas HayeE haring aryopesrngdthersesord el atieg layer
and gl ectrical connected to the phase change nenory
bSP}%@’.mf@. 0‘7@&1@% fiset la?ulﬁaasﬁ@éﬁri ﬁi@ frshmedal lapamged the phase

el.l,,_compri,sing the steps of: formng a via in
ngﬁgééFﬁ?ﬁéJP%ﬁ$ﬁadlayer; etching a top portion of the
via to forma substantially hem spheri cal - shaped

a second metal layer formed over the second insulating layer; and

peripheral circuitry formed on a substrate and electrically connected to the phase

change memory array.
16. A method of fabricating a phase change memory cell, comprising the éfeps of:
forming a via in a first insulating layer;

etching a top portion of the via to form a substantially hemispherical-shaped

portion;

forming a first conductive layer over the via, the first conductive layer having
substantially uniform thickness along sidewalls of the top portion and substantially filling

a bottom portion of the via; and

forming a phase change material layer over the first conductive layer.

17. The method of claim 16, further comprising:
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portion; formng a first conductive |ayer over the
via, the first conductive |ayer having substantially
W@ ri0Poe88t hi ckness al ong sidewal | s of the top POFUBNE/004729
and substantially filling a bottom portion of the via;
and form ng a phase change material |ayer over the
first conductive layer. 17. The nethod of claim 16,
further conprising: providing a second insulating |ayer
fornmed over the first insulating |layer, the first
conductive | ayer, and the phase change material |ayer;
providing agevord irduldithSRgentoriiglb@drithg fi&ﬁ:&iﬁﬁﬁllé\ﬁﬂ% layer, the first
form ng a second conducfive | ayer over the secon
conductivislayat,iargl theyiase tBangdmat@ididayeef claim 17, wherein
the step of formng a via in the second insul ating
| ayer further conprises: patterning a masking materi al
feiningan vieperthageowet inshatsedoper; andul ati ng | ayer; and
etching to renove unnmasked portions of the second
insulating |ayer to formthe via. 19. The nethod of
ferraing a secopdeoaiduictivie layier sventhe speend dndulating tayey.
| ayers are fornmed by deposition nmethods including
puttering, chem cal vapor deposition, plasna enhanced
13h gﬁﬁ\edﬁ?ﬂ\?éﬁﬁrc‘f%}gb%i"t’}i‘%ﬁ}“ ﬁmtﬁhyéﬁwmg #pgp in the second
. .de osi%io . 20. The method of claim 16, wherein the
ln$ﬂa“§$§Emﬁ uﬁg?ﬁgﬁﬁp§5?$a on the first insulating |ayer
further conprises: patterning a masking material with

'p%ﬁé?r%%%lan a&vixe\[g r}xgt%rifai Wit Annglpj(ler%tnlg% elr ?IYeesféco%ansulating layer;

and
etching to remove unmasked portions of the second insulating layer to form the via.

19. The method of claim 17, wherein the first and second insulating layers are
formed by deposition methods including sputtering, chemical vapor deposition, plasma

enhanced chemical vapor deposition, and physical vapor deposition.

20. The method of claim 16, wherein the step of forming a via on the first insulating

layer further comprises:
patterning a masking material with an opening over the first insulating layer; and
etching to remove unmasked portions of the first insulating layer to form the via.

21. The method of claim 16, further comprising planarizing the first conductive
layer prior to formation of the phase change material layer using chemical mechanical

planarization.

24



etching to renove unmasked portions of the first

insulating layer to formthe via. 21. The nethod of
W@L@posbd1 further conprising planarizing the PCT/E52008/004729

conductive layer prior to formation of the phase

change material |ayer using chem cal mechanica

pl anari zation.22. The nethod of claim 16, further

conprising planarizing the phase change naterial |ayer

subsequent to form ng the |ayer using chem ca

mechani cal planarization. 23. A nethod of fabricating

?Q- &memgb(flmﬂﬁ,yfwmdr ,Comﬁmgpmatﬁﬁﬁgt}@phégechange
~forming a first insulating |ayer; patterning a masking

materiafriyer isabsaguent emfarpeng e tayer using dhierrsitali mechaticaigplanarization.

| ayer; etching to renove unmasked portions of the

first insulating |layer to forma first via in the

28t sethedcAfabricatiager phaseahiange meamprypaall, compofsing ehe steps of:

first viato forma substantially hem spheri cal - shaped

ortion;, farmng a first conductive |layer over the

feshg ¢ figst ippglafing dayetonduct i ve | ayer having

substantially uniformthickness along sidewalls of the

t?p ortion gnd su s%ﬁntially filling a bottaom portion

PoferiLerd Peskinggnatsriah il amgremagrques the gredrtyleting layer;

| ayer to a top surface of the first insulating |ayer;
- 17 teri | ) the first . :
o 0 By B P R RO o e i Bingrgier o im a first via

in the fifg@qr%rdlggin%%. to the top surface of the first
insulating [Fayer; forming a second insulating |ayer

over the first insulating layer, the first conductive
etching a top portion of the first via to form a substantially hemispherical-shaped

portion;

forming a first conductive layer over the first via, the first conductive layef having
substantially uniform thickness along sidewalls of the top portion and substantially filling

a bottom portion of the first via;
planarizing the first conductive layer to a top surface of the first insulating layer;
forming a phase change material layer over the first conductive layer;

planarizing the phase change material layer to the top surface of the first insulating

layer;

forming a second insulating layer over the first insulating layer, the first conductive

layer, and the phase change material layer;

patterning a masking material with an opening over the second insulating layer;
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| ayer, and the phase change material |ayer; patterning
a masking material with an openi ng over the second

WO p@alesdsng | ayer; etching to renove unnasked pRCT/US2088/004729
of the second insulating |layer to forma second vi a;
and form ng a second conductive | ayer over the second
i nsul ating |ayer, the second conductive | ayer
substantially filling the second via.

etching to remove unmasked portions of the second insulating layer to form a

second via; and

forming a second conductive layer over the second insulating layer, the second

conductive layer substantially filling the second via.
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