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[ 0001] D scivoesh/esshodi ments rel ate generally to nenory maviesadyde
nmet hods for making nmenory devices and, particularly, to an inverted
vari abl e resistance nenory cell and a method of making the sane.
BACKGROUND OF THE | NVENTI ON [ 0002] Sem conductor nmenory devices are

wi dely used in electronic systens and conputers to store information
in the formof binary data. These nenory devi ces nay be characterized
as either volatile nenory, where the stored data is lost if the power

source is di scoRNMHRREEERIVARIABLE RESIRTANGCE MEMORYHEHL. AND st or ed
data is retained even during power interruption. Traditionally,
however, non-vol atile meMdETHEOD OBMAKING/ THH SANEE anount of space
and consune |arge quantities of power, nmaking these devices

unsui table for use in portable devices or as substitutes for
frequent| y-accessed volatile nenory devices. On the other hand,

vol atile nmenory devices tend to provide greater storage capability
and progranmm ng options thanFiELD Q6ITHE INVERITOON devi ces. Vol atile
menory devi ces al so generally consune | ess power than non-volatile
devi ces. [0003% An exanpl e of a non-volatile random access nenor

devi ces ar 081 i abPisclosed sibadimeptawelpteganpraly tO\AmIE‘HT}b%‘f"aﬁFSr?“ﬁ%ﬁ@hOds

types of resistance change materials, including magnet,c terials,
doped (EhaATE SO AIFA PR, PATHSE EHaige HYFRPT ARDI8 KTy piaaPEoTy

cell and a method of making the same.
BACKGROUND OF THE INVENTION

[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 refained 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.



WD 2009/ 008931PCT/ US2008/ 004729 [ 000410ne cl ass of variable

resi stance change materials used in non-volatile random access nenory
devi ces arwore@mesdse materials. These devices enpl oy th&T/us2008/004729
magnet o-resistive effect to store nenory states and typically use the
magneti zation orientation of a |ayer of magneto-resistive material to
represent and to store a binary state. For exanple, nmagnetization
orientation in one direction may be defined as a logic "0", while
magneti zation orientation in another direction may be defined as a
logic "1". [0005] The ability to read stored binary states is a
consequenc40aik] t heOnagnet af-varediestesiseneé tleagtge rhtiesalsiifsed tin ingn-volatile
characterized by a change in resistance of nmultiple |ayers of
nagnetrondemsi ast¢ss engraorss gwlceswégmﬂnﬁgc oypteriads.r Eheseidericengmeteyz e on
orientations of the ers. Thus, a nmagneto-resjstive ne cel
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| ayer, the plnned or "hard" magnetic |ayer, has a fixed nagnetization

orient ati onodos] pr Oitiekbikityr tefread Beed binathaetatesiientaiseqnenfe dfhbe friagaeto-
magnetic | ayer. The magneti zation orientation of the two | ayers may

t hen besiskiteefat Byiseélecririchargterized belaathiange &l wesistdrcalof magtiptedaysss of
the menory cell. If the netization orjientation of its magnetic

| ayer snagreteuesstivermaterial, g%pandmg orgthgaiaye eagmebéattqrp?ré%ntwonwféhe
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are rea binary WO 2009/ 008931PCT/ US2008/ 004729 ~ resi st ance

st at esvRére the a8t Aidresdctdrs poiMERvpyosied diseiont ahsilagrs b said to be
magnet o-resi stive materials. [0006] G ant magneto-resistive (GW) and

t unneldrieptevhgmdporailesi Bt praeti¢er MR)icatnone/laged, Hwe faeeon \wofte oragoatic pxels is

of nmenory cells that take advantage of this resjstance behavior.
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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



[0007]In TMR cells, an electrical barrier |ayer, rather than a
conductor, is situated between a free magnetic |ayer and a pinned
magneti c |- gpehooomeeet ri cal charges quant um nmechani cal | ypdraieds/004729
through the barrier layer. Due to the spin dependent nature of the
tunneling, the extent of electrical charges passing through the
barrier vary with the relative nmagnetization orientations of the two
magnetic | ayers on either side of the barrier. Thus, the neasured
resi stance of the TMR cell may be switched by switching the

magneti zation orientation of the free magnetic |ayer. [0008] Sone
exanpl eesigingesgates of thegnagriaje-resistbre reemarecdissohizsmidgithe thagneatesistive
Nos. 7,200,035; 7,196,882; 7,189,583; 7,072,209; 7,038,286; and

6, 982, Berialgsi gned to M cron Technol ogy Inc. and incorporated herein
by reference. [0009] Anot her class of variabl e resistance change
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cat hode) having an electrically conducting terial an I Spose

the sunfageetiofayehend apinn@maghelicagér B htadeab vargli dpaRgmealtiHe rERAN
each other. A specific exanple of a doped chal cogenide i s gernmani um

sel eni thegnetitatzin ardantatiors.of T neginktic layersporositite sideeofehe veiduens By

w thin the germani um sel enide material, germanium selenide is

deposi $edclyngdhe maghpiizatios edentatden obthadrecheagedic lgyotheddgromntficon. A

thin layer of silver is then deposited on the glass, for _exanple by

physi c'%%w&lbme %ﬁ&tqril%#t%rﬁdmtﬁ@ ﬁﬁsﬁeﬁﬁﬁaa@ncer%thp&yeéwﬁm wichgnged.

is then irradiated with ultraviolet radiation. The thin nature of the

deposited sji roap| enm . t hrough t.he silver to the
Egbflfﬁ H &Dﬁ, grpgfe?t%llc&f)be‘?‘?]%ls laty8£ &Iatgl]ﬁ{j Eshézmi 4 qahductor, s

silver/glas tertace to causé the silveér

chal coggpielebam@hi ree rﬁﬁﬁn@b‘?@ia- e’ phhedNfla &{C"T)f?";ﬁ}gé‘ﬁ&‘y&ﬁ Cﬁ%ggé t

inthe silver mgrating into the glass layer such t onbgen

di st ri dudritam sikcisidivaly tuRheughowh tHbarayelayes Hhd fdmb%t)}h dedtin@¥Renature
[ 0010] When a voltage is applied to the anode and the cathode, a

non- v odfdhe [fennetitga thedeaeirticf @lecaidad cyargeopassingoimr dgh thethaoder edrgngth te
surface_of the fast ion conductor towards the anode. The growh rate

of t herSdpstgrmegnstizalion grentasionsiof thedtvepplpaeticloyersgen eithdr sidewf thetearrier.
Gendr i T5rtiF BESHUER sEiRa e ORB ae e TERPbde oo valr s e
di si nh‘gl_gé@lt%’ﬁoplyorre?l}[%@ﬂ %%B%Eleegxﬁ%ﬁ%g&%ol arity at the anode and

cat ho anges 1n 5T the dendrite affect the
resi stance and capacitance of the variable resistance nmenory device.

[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.

[0009]  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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[ 0011] Sorre exanpl es of variable resistance nenory devi ces and net hods
of manufacturing such devices are disclosed in U S. Patent Nos.
7, 149, 100;wé.20040870; 6, 348, 365; and 6, 930, 909, and U. ScTRISWMsOMTRON
Nos. 2006/0099822; and 2004/0238918, assigned to M cron Technol ogy
Inc. and incorporated herein by reference. The nenory cells
manuf act ured using the nethods disclosed in the above-nenti oned
publications W) 2009/ 008931PCT/ US2008/ 004729 result in a planar
el ectrode at the top of a |layer of chal cogenide material resulting in
nonuni formelectric field and subsequent signal integrity issues.
[ 0012) amd g eatharle} Iering kaskecticallgrdoabihetingsiastrabasd eharged ARHR duafade of
used in non- volatile random access nenory devi ces are phase change
mat er i dedastAon perdydter arraktadistinde apartirom egclustber.i A spevificteg aiplpte of a
conmpact discs ("CD-RWM") is Ge2Sh2Te5. I n addition to having val uable
opti ca ORﬁClsa {0geBidera geapaniym sqlonide withapveatiss dy piiy Stooffieside the

i s a varjiable resistance material.
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differ significantly. The resistance of anorphous

t he redicstsaheesenyy teipabethroufh chéSlvedto Hexalgenglasénler 0% ause the silver
resi stances are simlar to each other. Thus, in conparing the

resi sttaridéuseinte He dnatdogesidetmatesabf THeSPplieS Enrey drel coadyidgsaderaesult in
two-state nmaterial (anorphous GST and crystalline GST), with each
st at e RESH VR migarRrG e the slepsleyacauchihat a hempgenaysatistibition of silver

correspondi,n inary state. A variab)e resistance material such as
GST \Aﬁrggoeughg itg?eaﬁX%r ER Q?I%E%BFYJ‘#\g toits material phase is
referred to as a phase change material. [0013] The transition from one

GST phase ot L changes of .t.he
 tou1a h@g\%ﬁ:%ﬁ)ﬁq%gg i %ﬁﬁ%ﬁgﬁ&#ﬁ’ném ﬁ'ltéq:raﬁ'lOCﬂE a ophVé)lahIe

GST nateri al . sh mat eri1 al "has a he

t enpermatal @erldrit@raipidli §iEi Afrbirztel @dde {8 rfhce dNie fast ion conductor
crystallization tenperature L is |lower than the nelting tenperature

T.. Bdowatdeetherpsdal Thagtavorh tatnplcthatdendrifle isarfdnttieh okfhel applied voltage
tenperature T. are higher than roomtenperature. Two curves are shown
i n FI @hdtimgibe giowe ¢fghe seadritamay hestappedrbyf remaAigsihe volGEE.or\lhen
t he \AO 50 9/ 008931PCT/ éJlS)ZOOB/ 004729 .
endrite 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



GST material is heated above the nelting tenperature T., the GST
material loses its crystalline structure. If the GST material is then
rapi dly cogbecbotoososspom t enperature, the GST material | dmrsaed/ods1bo
an anorphous state - the cooling occurs too fast to allow a
crystalline structure to grow. On the other hand, if the GST materi al
is warnmed to a tenperature above the crystallization tenperature T.,
but below the nelting tenperature T., a crystalline structure is able
to grow. Once converted into a crystalline structure, the GST
material remains in a crystalline structure until it is again heated

above rehdt T4 blangr blopedattihe tdp of 4 hyet bethaltupénideahatedi@aesulting in non-
tenperature, the GST material is stable in either the anorphous or
cryst alrifonen ghasiedicld &0d 4jiseqaerptisimeal ditagdey ivsrsry cel |, the heating
and cooling can occur by causing differing strengths of current to
flow through the GST material. The GST material is placed in a_.
crystal | i né0@2t e Ipyyepanalhgyclascofyariable resistange Fhadige mpesalshsed én ogr
material, thus warm ng the GST paterial to,a tenperature wherein a
cryst &93tie raRGUR RS REMQYY HRVICRS at4 Rirse chARse mﬁber@isr /AAPEGIEC used t o
melt the GST .material, for,subsequent cooling to. Lphous te.
he ¢ ne EyERHRe SR s Hr BY TP e spr Rask el B PR P HEs B i o
repre » ok - T ; .

L1 ST ARG RS ot pep Ot b BB B RIPERIp R

cryst glidd Rdstbshtble@Hysicil pRIRFi@GsaVadmbi £8istalde hRRéridlS Varidnd t he
melting current is'réferred to as an erase or reset current IRST. One

ski | | e@mibindthensaftGepBb landidansy Badsedhasveartdble tdsftarichenstedalgRAENVhioh are
GST states to binary values may be switched if desired. [0015] The

st at e hefeinlell@SiFelparaterred ta as QBT enatenae. Byeddipllyi G§Tacandiange sirdctural
voltage V, across two el ectrodes and by neasuring the resultant read
cur r efthapgs bekwegah amozahews paare and twey srastabingPhasesa Tiegieistance of the

EI O T AR ANEVRE LT TIEA M —_—

he. GePiRetCF I STy ) sh LR i TRlenlly. PRI AR

CUr I enfind:$nhdRPsEds bRatdtan G hd RbR ks ¥ Atk @Ghic@HiSor hexagonal 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 inFIG. 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 T« 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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that bound a layer of the GST material. The present manufacturing
process results in a planar electrode at the top of the GST | ayer.
Because ofwbheymedaki gurati ons of the bounding surface. acgmg@&/gﬁh@
two el ectrodes and the GST layer, current densities within the GST
material are not equally distributed. [0017] Accordingly, there is a
need for nethods and structures where current densities and electric
field may be uniformy distributed resulting in subsequent uniform
signal integrity. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0018]FIG 1 illustrates the phase transitions for a GST naterial.

[ 0019] HIS& materis] & heatskalsoetheonalting ewmatard Tr,sthe HIOMRRRR loses its
described herein depicting a sem conductor substrate at an initial
stage 6fysprlbeessnsiyre. [I60R0GRT qategrialds theorepslly eotled hakoorh ewnpératine, the
first odi ma,n}, during a stage of fabrication subsequent to that
shown v ENgieris!isfeueqd Hitgangmerphous H3keshetcoohag ovtuswtard fashe dliovsa

oL Bk St 3HSw Of AR SRE AR, THER T Mttt io whrrmed o
temperature above the crystallization temperature Ty, but below the melting temperature
Tm, a crystalline structure is able to grow. Once converted into a crystalline structure, the
GST material remains in a crystalline structure until it is again heated above the melting

temperature Tw. In other words, at room temperature, the GST material is stable in either

the amorphous or crystalline phases.

[0014]  Ina phase change memory cell, the heating and cooling can occur by
causing differing strengths of current to flow through the GST material. The GST material
is placed in a crystalline state by passing a crystallizing current through the GST material,
thus warming the GST material to a temperature 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 Iest. 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 In. A lower

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



[0022)FIG 5 is a cross-sectional view of the first enbodi nent during
a stage of fabrication subsequent to that shown in FIG 4. WO

2009/ 008931BGHdoldbedaP8/ 004729 [0023]FIG 6 is a cross- sagnisais/ovi7emn
of the first enbodi nent during a stage of fabrication subsequent to
that shown in FIG 5. [0024]FIG 7 is a cross-sectional view of the
first enbodi ment during a stage of fabrication subsequent to that
showmn in FIG 6. [0025]FIG 8 is a cross-sectional view of the first
enbodi ment during a stage of fabrication subsequent to that shown in
FIG 7. [OOZGLFI G IS a cross-sectional view of the first

embodi stgnifiedwhatthe é;Sg‘trageuaf is in an amorphous state and a relatively high read current

I: signifies that the GST material is in a crystalline state.

[0016]  The phase-changing current is applied to the GST material via electrodes
that bound a layer of the GST material. The present manufacturing process results in a
planar electrode at the top of the GST layer. Because of the configurations of the bounding
surface areas of the two electrodes and the GST layer, current densities within the GST

material are not equally distributed.

[0017]  Accordingly, there is a need for methods and structures where current
densities and electric field may be uniformly distributed resulting in subsequent uniform

signal integrity.
BRIEF DESCRIPTION OF THE DRAWINGS
[0018]  FIG. 1illustrates the phase transitions for a GST material.

[0019]  FIG. 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. 4is a cross-sectional view of the first embodiment during a stage of

fabrication subsequent to that shown in EIG. 3.

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

fabrication subsequent to that shown in FIG. 4.



fabrication subsequent to that shown in FIG 8. [0027]FIG 10
Il lustrates a phase change nenory bit structure containing
enbodi nentwwodesmosoded herein. [0028] FI G 11 il |l ustrat epcawasosdys7of
phase change nmenory bit structures containing enbodi mrents descri bed
herein. [0029]FIG 12 illustrates an integrated circuit package
cont ai ni ng enbodi nents described herein. [0030]FIG 13 illustrates a
processi ng system contai 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
i nverted variabl e resi stance nenory

[0023]  FIG. 6 is a cross-sectional view of the first embodiment during a stage of

fabrication subsequent to that shown in FIG. 5.

[0024]  FIG.7 is a cross-sectional view of the first embodiment during a stage of

fabrication subsequent to that shown in FIG. 6.

{00251  FIG. 8 is a cross-sectional view of the first embodiment during a stage of

fabrication subsequent to that shown in FIG. 7.

[0026]  FIG. 9 is a cross-sectional view of the first embodiment during a stage 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. 11illustrates an array of phase change memory bit structures

containing embodiments described herein.

[0029]  FIG. 12illustrates 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.



cell and a nethod of naking the sane. WO

2009/ 008931PCT/ US2008/ 004729 [0032] The term "substrate"” used in the
fol | ow ng wWesekhpdsson may i ncl ude any supporting structpdgtrasshéghbsidrang,
but not limted to, a sem conductor substrate that has an exposed
substrate surface. A sem conductor substrate should be understood to
i nclude silicon-on-insulator (501), silicon-on-sapphire (SOS), doped
and undoped sem conductors, epitaxial |layers of silicon supported by
a base sem conductor foundation, and ot her sem conductor structures.
When reference is nmade to a senmi conductor substrate or wafer in the
fol |l owi ng dEWae]i pt Toa teron ésulﬂtratqdrm&m‘:tlrt‘etfenewiwg/déb@ﬁpﬁbﬂeﬂa}uiricldd?e%y
to formregions or junctions in or over the base sem conductor or

f oundasippertingestaswhye indedingelu trott lipe tskiv, 6 serditohduectbasebstraietharhys be
any support structure suitable for supporting an integrated circuit.

[ 0033] TFROsed sHbsIE PuBReE: rAsemicondactonsebsizte shiauld he enderstoad fninkchde

T R MR A M NI
cacos ot M reigtatae i B otaaindnds Orfouda gy ang other
oy Lo L R T
her s ettt AL 148 A

Bi ), oregi@roup jMidiidBs(fror Gler the base seftirodudiheonreth@gticn. t B Qibs&ak need
wi th the dopant being sel ected fromanong the noble netals and

t r ansi notdre septiedrsiuctorebhasdil riyptAgay BeianPtypprt stbskctute suifible o sufportMy an
or Ni, as disclosed in 'U S. Patent Nos. 6,881,623 and 6,888,155 to
Canpbelftegdtegicircdifd Canpbel |, respectively: and a carbon-pol yner film
conprising carbon black particul ates or graphite, for exanple, m xed

i nt | j | . spuch. th di [ .i.n U.S., Pat No.
6092 70 tROSR o e A B gD Btra o B e 6 o aerade

0034 » i | 'i 'i' j ] i
Lhas | aBRALIEOR RSN HE VILBSRY, FgP b BhEMATD. hRal0ed #HO JpaRAER.
t abl e.5,5210889 tYIRAsE LEAE Mebovshits gndtefi 8L kch asqm,cfa_tmh@@gg?m'c))& gﬁJa.,'a@%MnO:.

sul fur (S), selenium (Se), tellurium (Te), polonium ( and oxygen

(0). (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 AxBy, 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, Tl), Group IV-B (C, Si, Ge, Sn, Pb), Group V-B (N, P, As, Sb,
Bi), or Group VII-B (F, Ci, 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, Ru, 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.



[ 0035] The term "phase change material"™ is intended to include various
phase- change materials, such as Gei Shi Tes (GST), GeSbTe,

CeTe- Sbh2Tego 26v9og0gd NSbTe. [0036] Referring to FIG 2, @cRhasm@soidnge
menory cell 100 at a first stage of fabrication is shown. A

sem conductor substrate 10, such as a silicon wafer, preferably about
1000 A to 3000 A thick, includes transistors (not shown) for
accessing the nenory cell 100, the transistors having source/drain
active regions in the substrate 10. A first insulating |layer 11, for
exanpl e, a boro-phospho-silicate glass (BPSG |ayer, is fornmed over

t he substr 0 18 01484 i at ed
W th the s ghet ar o e sy Bl by

any depffirideQh dr@hbﬂmo@ltﬁc‘rbupssz(@f of tEpiricRIiE Bdble, CORTIFAIA
vapor deposition (CVD), asma enhanced CVD (PECVD), or physi cal

vapor ellepeaststalenreféived to S'Shﬂlaiaogsms, indud @sulfg (Bpygelenilin ($e) predfiguab(Te),
in the range of 3000 A to 6000 A thick. [0037] The first insulating

| ayer pblomimyn Gto)favded gef (@)-conventional insulating nitride, oxide or
any ot her insulating or dielectric material. The first insulating

layer 11 fQr exanpl e, l'icon or siljcon-based, such as
silicon ni t@/fﬁgi gERi pea ’Eﬂ%&‘g? e ouintengerdn inglyde arignmhpsgr

o 1 nehopenmelline S ta skt F%é,ﬁoﬁsgﬁeﬁ?ﬁ%mﬁ%@%%% Skt ng

material 12 patterned to have necessary openings is formed over the

first insul I
[ 00381 Ref LS Eggt SRt P A0t ﬁﬁg&%@ﬁ%?@sgt@ﬁe o

f or m dapritibh.is J@vel aheRdcdisd denSubsSirag 10haidmsl digedial efek qireﬂc-ﬁably

(FIG 2) and associated opening 13 (FIG 2). The etching renoves

unnas lebduptBaDi A its 30F0 A Ithei ck i inslidin Bahsistorg(noayeswd)lfot acdessing themenar§4

havi ng substantially vertical sidewalls 14a.
cell 100, the transistors having source/drain active regions in the substrate 10. A first
insulating layer 11, for example, a boro-phospho-silicate glass (BPSG) layer, is formed over
the substrate 10 and any transistor gatestacks (not shown) associated 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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[ 0039) A facet etch is then perforned to snmooth out the profile at the
top portion of the via 14 to forma substantially uniform

hem spherl\gghmb;a@w@prtl on 15, as shown in FIG 4. SubsegyRibookBos720
perform ng the facet etch, the bottom portion of the via 14 has

substantially verti cal sidewal I's 15b and the top portion 15 of the
via 14 has substantially uniform hem spherical -shaped sidewal | s 15a.
The di stance between the vertical sidewalls 15b is preferably about
300 A The hem spheri cal -shaped sidewalls 15a of the top portion 15
have a radius, preferably, of about 1500 A. [0040] Referring now to

FIG 5, iy
(TG 5 Penbean® ket e ey soRROIAR Al

t ant al THe @tthihigde do®d udihg @ AsIAhE FhAAAINRYFICI®) ah@ aESYchted BFE:% 13 (FIG.
conductive layer 16. The first conductive |layer 16 has subs ant

uni f orzn The ekanixsg renpoes emnalbdsked pOrifonsalf oingfitsh nssladinpabler 150 fbﬁh‘&\e 41)a
of the top portion 15 and substantially conpletely fills the bottom
port i o4 hefvingeubatantipdly venecal sidewatledérict i ve | ayer 16 is then

pl anarized down to the top surface of the first |nsul ating layer 11,

by using a asi Ianarlzatlon etching te , such as, for
exanpl e, E%@%i éﬁmhas tl‘}?F‘d’rﬁ-‘éﬁ"F‘i‘&f‘ﬁ%ﬁ’“P@?@F‘? H@f?ﬁllﬁs}‘ﬁ the top portion

T00 RSy k%?%ﬁ%ﬁa%%ﬁﬁe@%& R %ﬁailﬁanv?ga@?sqnﬁ 2 efsening
ont o tﬁ}«;.& &bs QQIQHBhﬂeYI%rJn%( Ehelfé %téhog{@bga Sng&gaﬁﬁe%t #1144
) epos

| ayer T e phase change er| ar

deposistibOan TR Q6hticaLiHedSls T3 arRKRERbS o&mﬁiseéﬂtngmacms%%lbsﬁman
2009/ 008931PCT1US20081004729 vapor depogl tion (CVD), plasma en ance

CVD ( Riz@dd)n hanisphyistal-shapeapste WOt iThe difthle bethiReR Has Certibang®ewalls
material layer 17 is then_planarized down to the top surface of the
first lﬁhsmpaﬁfﬁmgl}dMB(lﬂlA Biheusimigp zamicabstwgiedeiqdveal BriSaaf itlentopt jpiriiog
t echni % such as, for example, chemical nechanical planarization
(OVP) 15Ty 2 refissppieérablyaplebavda9q Al | ayer 17 is left only in the
via 14 (FIG 4). [0042]In operation, the substantially hem spheri cal

shape of t %4@5‘6‘5 Ei?e(fg'm % now to FIG. 5, portions of the via. 14 are filled with a conductive
material, such as, for example, tungsten, platinum, titanium mtrlde (TiN), tantalum
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

11



material layer 17 will facilitate a uniformelectrical field being
applied to the phase change material. The nore evenly distributed

electric fyghghofppyl ts in a nore evenly and conpl et el y defraRs§@bieeh
hem spheri cal anorphous region resulting in desirable signal

integrity. [0043] The phase change material |ayer 17 may al so be
formed of other variable resistance material or chal cogeni de gl ass.
The substantially uniform hem spheri cal - shaped phase change materi al
| ayer 17 may facilitate a uniformelectrical field being applied to
the variable resistance material or chal cogeni de gl ass.

b db TRk

[ 0044] Reper déprgition €1\ES), plastha enhaae@ndVDPECALDNG: bRY&EaIVR

over the phase change material |ayer 17, the first conduct Fve |"ayer
16, anﬂ’\ﬂgb The ghaderchahge mageridjegrer 17 is thbe pieeoiadd dosu @itthBgop ayeice b8
may be formed of boro-phospho-silicate glass (BPSG, a conventional

i nsul athedifshinsplagiag laxerdd, by using aotabeasivayglahati tatprostchingltednique, such as,
materials. The second insgl ati n(_? | ayer 18 may be formed by any

deposi 19r SH MR e Shemisad meshanicy)planasisgtien (SMIRDt Ehitndhe phasd dahge aperial

deposition . Rl as en d .CvD (PECVD), or physical vapor
degosi{aiy %1(%%*9“%%‘ @gé’b%ﬂ‘?&@u@au né Iaye% 18 ig %/n t he raP\ge of
100 A to 5000 A thick. WD 2009/008931PCT/ US2008/ 004729 [0045] A

Ki tepdal | i i l.at i |
nmaski ng matgpaAl | ay 6?%1]1@?%?*6‘?gﬁ‘gﬁg‘t%\fﬁ{‘}em%%&gﬁgr%%%z it eélgpl?sr? Adge

18. The maski ng mater s p ern

appr opmagtRl l9eat 7 o .fad et £ 6R116:th BRUIAL H&d'b%gfg Té@éércﬁtfgchg gﬁgfetc%x_xge

forma via 21 (FIG 8) using the masking nateri

The etwhteniplr Eheowese enemlykissripored dedriofielihessieGantmoRssyaly Bg | ayer
18 to formthe via 21 <(:'IFIG 8).
completely transformed hemispherical amorphous region resulting in desirable signal

integrity.

[0043]  The phase change material layer 17 may also be formed of other variable
resistance material or chalcogenide glass. The substantially uniform hemispherical-shaped
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.

12



[ 0046] Referring to FIG 9, a second conductive layer 20 is forned
over the second insulating | ayer 18, substantially filling the via 21
(FIG 8). wbeimmenad conductive |ayer 20 nmay be for ned rafi/usatosniako
such as, for exanple, titaniumnitride (TiN or silver. The second
conductive layer 20 acts as a second electrode for the nenory cell
100. The second conductive layer 20 is in the range of 300 A to 2000
A thick. [0047] The inverted phase change nenory cell 100, fabricated
as illustrated in FIGS. 2-9, results in a uniformelectric field in

t he phase change material |ayer 17. A further advantage of the

fabri cati on{0p45jcess maskihg nmateiatdhy atdfaglerined olver pleaseorcdhiizgiiting layer
material |ayer 17 fromany potential reactive ion etching (R B) and

t her ebl8. Theaweskinggndterialday @il 9gs patigrned withhdparing sinrdpgoepoatetl beatiphas e
change material layer 17 resulting in a uniformelectric field.

[ 0048] TiMesgsaEd dngtiatinglayerbt ip egdied todormrayinel Glbahgising thegnaskiegor v
bit structure 1001, illustrated in FIG 10. The nenory Il 100 is
o onneCIBtF A ay e 49 (FGerb o RGBS REKeG RO BoR PERe speatsk ond
el ectr, s i el,ect.r i onnected to a source /drain
term nlgtgﬁgp;qgﬁa)gég@ggé?%g/hegnﬁ%?f&@. as an access transistor. The
access. device 1003 is gated by a word |ine 1004. A bit line 1005
provides a [ggaf|ce RereliiSy; AFFIRSS, S8R céﬁ&%tmdg,te%_z%%retﬁﬁte%domme

menory cell 100 when the” access device 1003 is activat y a signal

on t heseeorid idsuledinkO@der 18)\QUEAAH NQFABAPT WS20 QRKN G 728 §L284A81-FhGuctive

menory bit structures 1001 of FIG 10 nay be arranged in an array of
menor Viapétt 2Gmay bedorsed amiatdriad suct & farrexEFin@Gle, ilanitum Whiie (TIN) ar silver.
menory_device 1100 includes an array of nmenory bit structures

1001 a-Hosesond gendiegtbieylapsirt20gicks pstasesend elodtscd0for pheamemmry apig@00.i The

rows and colums.. The r and colums. may be partiaglly staggered or

may beseﬁ‘i’ri“gﬁ‘%rgql‘éfé‘"ﬁ @ff‘ﬁ%wzs‘ﬁ‘a SIFP%'&@%O&] Y %quIfT @&11. The menory

bit structures 100la-1001p al ong any given cell select |ine

1120a- 1120 not ' =13 : .

Addi t i onal 3961@1] he E‘Eﬂ%ﬁ’?“ﬁ? P chet B g‘%“!“ﬁ‘%gféﬁ@@fﬁ%gﬁ% as Hlnstrated in

cel | sasch-9l taaitd k2RanksRA@ 10 NGEdSAIREDRase CRIR Bhierlal NSer 17. A

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

i dent iff:rtbdr bytvaiitege ofibie fatshieioaqirbosss f the feinisld dnh4pe tbahephede dHaage

gate of the nenory cell access device is connected, and the cell

sel ectmplenie] layenhi bhm a1y peteptiyl reattiveiion etshitepiRéB) arfjd 0 EEE phe wntitg

l'i ne ]f130a4130? is connected to a word line driver in the form
ormation 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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of a row decoder 1160 for selecting the respective word |line for an
access operation. Simlarly, each cell select line 1120a-1120d is
coupl ed t owd »6goloygs1 i n the formof a colum decoder 113%r/Racseblizient
passi ng through a selected nenory bit structure 100la-1001p is
measured by sense anplifiers 1170a, 1170d connected respectively to
the cell select lines 1120a-1120d. [0051] For sinplicity, FIG 11
illustrates a nenory array having only four rows of nenory bit
structures 1001 on four cell select |lines 1120a-1120d and four

colums of nenory bit structures 1001 on four word lines 1 |
30a-1130d. [biwsgverThd inesfo@ybit sheictirdet X @b ¢FIG hdk man bpeaehiedin an array of
applications, the nenory device 1100 has significantly nore nenory
bit stmembry b simcamenes djustfated iexEGplb, IndiiGatt, wahemnpdyvldeﬂaﬂemn!wles
i nclude several mllion menory bit structures 1001 arranged in a

numberangfrraubbmempsy bitwyuzboes dEHed 0BT/ Us'zm@svomnwzgm[cws?mlﬁﬁ&%h

illustrated as a single nenory dﬁVlce 1100 n FI G % léaﬁ nmenory

devi c@rqmwnmlmwwwd E%lt-‘@‘d‘sa dhpzews gn solyEhy Waype portally %ﬁ@%%ar
th t t,

Copper BoRY BN et ety mpaiAl Briges ot BEs T FrRe ricsn o ik gttt

rror LAY 4504 L AR AR AN
mount g439h ad trﬁetméinb?;t Bit 1R USuvsd 109141604 AbhL aRY LRGN RN elect

mat eri al. Bon 1205 are used to provide electrlcaf%connection
bet WeQiilletIHQO&-ll‘lEQf @@ adt sHirp a Romehgralis lin2 0140a112@8d ahdtHihanmen kadlg
substrate bond pads 1204 and/or |ead wi res which connect the die 1206
t o pem@hery@bitstmuchire ﬁg/ur(iqoelysitiewv‘rf)edebgt derrambifiedzaléciiga of 200 woTddine to
peripheral circuitr include circuitry for addressing the nmeno
devi cevhithoh¢ gaig.of ge) memmgeu\mq@swmsﬁ isicpnnested; padithy Cfgh%eéeqtﬂinaﬁfa
retrievi ng data from ﬁhe rrermry device 1100 (FIG 11). The peri pheral
ci r cuiitg ﬁ%%“§m§ﬁyﬁﬁ UERSEWEr circuitry used for controlling or

ot herwi se insuring the proper functioning of the nmenory device 1100

(FIG 11). [@%@5@41 Féda@h word 15%%18%369&%0&5%98@&& Ra aaeffa ﬁ'ﬂb %Qﬁrewm &R form

utilizes a evice 1 contal ni ng an array of ase ange

menor )bf%%blnsdéc%ef 'fié“e foi@éle@tﬂ(gst‘h'é Wed RAH ASwdes Ghe hﬁchraatz@ys@ dfde'i -{tion.

reference to FIGS 11. The processing system 900 i ncl udes one or

mor e @imﬁeﬂ?péeﬁ:h&@m sel@unﬁzesﬂ 1202-4120EBlcobprd 20 4. d ridvemimtireyfocimrifracdohemnn
902 and a primary bus bridge 903 are al so coupled the | ocal bus 904.
The prdecedsi HF0s ot enrre00pmaing theoughea seleated mmmystmwmﬂpéa éo@ms
and/ or nultégle prlnary bus bridges 903. The nenory. con h

and t HBeasuremPy sese apmplifiras 04andl/ Ogeonnedted FRSBECTLE A Lty g€ S@‘S

906. 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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WO 2009/ 008931PCT/ US2008/ 004729 [ 0055] The nenory controller 902 is

al so coupled to one or nore nenory buses 907. Each nmenory bus accepts
menory CcompenenlgsedP8, which include at | east one nmenorpeTARYH0880443000.
Alternatively, in a sinplified system the nenory controller 902 may
be omtted and the nenory conponents directly coupled to one or nore
processors 901. The nmenory conponents 908 may be a nenory card or a
menory nodul e. The nmenory conponents 908 may i ncl ude one or nore
addi ti onal devices 909. For exanple, the additional device 909 m ght
be a configuration nenory. The nenory controller 902 nay al so be
coupl ed to [aosgCheAmBBREN ilfR%rateth® £eapR MEroHYd88 MY iREIGITH, d y
cache nenory in the processing system Alternatively, other devices,
for exmeplcey devived$8bmaydeabrgated sopan of adenary rerayenot opesatedhyith
may forma cache hierarchy with cache menory 905. If the processing
syst enm@O®ry risnueld apeass phiewitd, theorccessmincoithyeinsluging topires bond prasheyisg
or which support direct nmenory access (DMA), the nmenory controller
902 neiickehsRBfrent a cache coherency protocol. |f the menory
controller 902 is coupled to a plurality of nenory buses 907, each

anges nay B HappEl (a i rare e RRnBrySi aflcoboEREaai Ry Besdsy

bus brjd ' ' L : ri ous
devi et e SARIBLE0 Badloec 320, AMARBRELPISE LRTERS I K2 P e
tot heﬁ)lﬂesﬁdam?%@ﬁnﬁﬂ%ngal@iouﬁhﬁg%ugé?i/zitg €03 R¥ngd Ashivsie Artadh@danaterial.
control I'er 911, a m scellaneous |/0O device 914, a secondary bus

bri dgeB&HbwigesTubs arvaded tpHocEds elecRik@] cannkedmclyetdaeh clee intégrafealchip
920, a floppy disk drive, and a conpact disc ROMdrive. The primry
bus brhatgbp&ds] Ahiy 122 seddbe conpitieg subsioate bondpade 18Qkaidibr [pardpoises which
hi gh speed ports 922. In a_personal conmputer, for exanple, the

Speci aforperiibeelin i MRgRPMBER] cE aCBPBT el Bt Apapkiae LRepThe

500, tﬁ%lf el 65adm] BT DESO0 8o PRSP RE S FEPRGE Seaner goT EHET
911 . i V| )

Lo t nel e PR aaPapdhig £ ApATE dSRILERR b Sord (B HROERY Bpdice
may  bey a0 $ERL, 1@3&%&;@@@9&@%@%%& $RRdY b3h R DR SERld Mirscs.

The 1/ 0O device e any sort of peripheral. For exXanple, the

|/ O dextirgliddofBiheb@isa ihagalg iegaopeat fvntlioning ef fleoaemsug Hedse a100 (FIG.
Et hernet card or renovabl e nedi a devices. The secondary bus bridge
may bellysed to interface additional devices via another bus to the
processi ng system For exanple, the secondary bus bridge may be a

uni versal serial bus_ (USB) controller used to devi ces 917

: upl.e U

to the prodf8ing E&%ﬁéﬁﬁ%@@%r%ﬁ%@ﬁﬁ%{n 8&@8’5‘%&?“ ARG a
sound car.d vi deo capture c or. any other t f ha
ot or 100 0Ny ARy e S SR I TR OB pgrygred o
speake i Rate i
egacy Byl abgf WARTE- AR TGS UL SRR pleeqole 3Rl SUTRRIRs one or
the proeessidEs¥sd®oipled (LORBIMAIS M4 FiAGneddry bbisdINed 982 aAd a primary
processing architecture especially suitable for” a

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 302 and the primary bus bridge 903 may be integrated as a single device 906.
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general purpose conmputer, such as a personal conputer or a
wor kstation, it should be recognized that well known nodifications

can be nmadgoteomepki gure the processing system 900 to begaresosee
suitable for use in a variety of applications. For exanple, nany

el ectroni ¢ devices which require processing may be inplenmented using
a sinpler architecture which relies on a CPU 901 coupled to nmenory
conponents 908 and/or nenory devices 1100. These el ectroni c devices
may include, but are not limted to audi o/video processors and
recorders, gam ng consoles, digital television sets, wired or

wirel ess t gbesgjonethe newm@atcontrolevdoeesaleh aehpldil Bg osy 61 Alhe Basesty Gas@
gl obal positioning system (GPS) and/or inertial navigation), and

di gi t #07c dimeh aseramgy s aceepts deargory doen e fs 3081 whith inelydi e leastegnef or
exanpl e, elimnation of unnecessary conponents, addition of

speci anpmedy device 380G r Akematively, inangimplified spefeny fonmemoay gonirelldridg2 of
devices. WO 2009/008%31PCT1U82008/004729 b0059]lt shoul d al so be
appr eday b8 onisied par; the BeEndiy omRAen ifHieecH i caupled dp OHE T AROTE PFPRESIOTS

h i al I i abl i i-al .
phase 12058 ML st) s 85,80 GYPIR) B varLable est stance st gl
other 1 ypes 9$m§8ﬁbr?t§b§8 NE) iﬁ%l@lﬂg%ng%%%{ 'rg'aﬁd&; n%?‘gé&i?east@g?%%’&a%&%
wher e curre¥|t dénsiti es an el ecliri c qu my e unirtor Yy

di st ripEbadidasphbiied 90Pms @d}ﬁieg%éri&{ MefioIPaIrhé Bep@yidbntroller 902
[ 0060] Whi | e vari ous enbodi rents have been described above; it should

be undfagaiBodetdaplddiey daele nteedyBSERE esthe naayryodosanaypk ehe &ild
not limtation. It will be apparent to persons skilled in the

r el evaathamendrgtin viae poursssit@sypeani dlfeonativehd otetr alelviceg fiobexamsple,

CLAI M5 1. A phase change nenory cell, conprising: . a )

first RYASEAsaS G may elso Inahndrcashe pnturg, which wpk fomyaisashetyererchy with

subst acgal!\g He of}?rgog.pﬂetkle %?écegggg g)gsrtérln%%ﬂ ?I?Suge gg}ié}?erpa s%rrtclogprbllers 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. In a
personal computer, for example, the special purpose port might be the Accelerated
Graphics Port (AGPF), used to couple a high performance video card to the processing

system 900.
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a first conductive |ayer fornmed over the opening, the first
conductive | ayer having substantially uniformthickness al ong
si dewal | s wb 2wdmoge@p portion and substantially filling dcrashaksiasmo

portion; and a phase change material |ayer formed over the first
conductive layer. 2. The phase change nenory cell of claiml, further
conpri si ng: a second insulating | ayer having an opening, the
second insul ating |ayer being fornmed over the first insulating |ayer,
the first conductive |ayer, and the phase change material |ayer; and
a second conductive |ayer formed over the second insulating | ayer and
subst ant i al fops7)i | | Thestobsgooaaniolgr 611 tdupleanend moswiaibodeliryedis, via a
3. The phase change nenory cell of claim2, wherein the second
i nsul astoregeltased 2j t© the prdghefal has 810. dloriemamnpt Hp storage controlier 911 may be
boro-phosgﬂo-silicate glass. 4. The Bhase change nenory cell of
cl ai m a$Crheardrailer pad skarage dnvinef Ivanay bablhkgises. iTheflfp dedice P14 may be
mat eri al conprising Ge2Sb2Te5. 5, Th hase change nenory cell
of cl a#hi %ot %EMW@@%@%@W%@ Veleyicei YRt %EC?har@ﬁéemr t
i nsul ating |ayer has bstantially vertjcal,sidewall.s. 6., The.
phase TR e Prdaprst ceromRero anisrBrdiRREPr  Die womptdine tridge
| ayer is..har i I.al,:.C. |.S) ten:. i LU
e oy SRR 00 ARG e Y ARG %o OB LA 1%
cel | odyapd e Nthd sedtela®y Bus Bﬁd&b ¥y B BihidbisAbserRY Blis (155H)QONRBIES used to
mat eri al including boro-phospho-si'licate gl ass.
couple USB devices 917 to the processing system 900. The multimedia processor 918 may
be a sound card, a video capture card, or any other type of media interface, which may
also be coupled to additional devices such as speakers 919. The legacy device interface 920
is used to couple legacy devices 921, for example, older styled keyboards and mice, to the

processing system 900.

[0058]  While FIG. 13 illustrates a processing 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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8. A variable resistance nenory cell, conprising: a first insulating

| ayer, the first insulating |ayer fornmed over a substrate; a

first el eckpeorpagosanged as a via through the first i nsgraiszagobayer,

a top portion of the first electrode being generally hem spherical; a

vari abl e resistance |ayer formed over the first el ectrode; a

second insulating | ayer being fornmed over the first insulating |ayer,

the first electrode, and the vari able resistance |ayer; and a second

el ectrode arranged as a via through the second insulating | ayer.

9. The variable resistance nenory cell of claim@8, wherein the

vari abl e 1 egs91 anaeshai hldobeHpprbantet ahdw Rk epfbeki Bahts have beenl 0.

The variable resistance nenory cell of claim8, wherein the first

el ect deslailamichst hng 8 phast laage naderislrg ahaxamglaf variahlearsistance material.

conprising titaniumnitride, silver, and tungsten. 11. The

var i afihe inesitsiramey atserterysed éh hoofvaddtde mednonydaviden using other typesof

resistance layer is formed of a material including doped chal cogeni de

gl ass vapiebleveiistancemaiqrials o falripatg shetsRbYECR Uressy depsifes and electric
asti.c pq hase ¢ r

car bon- pl I r. 12. hange nenory bi .
str uc{i@ﬁ%ma@i&%m#ﬁy déﬁﬁrigggegs@s@ggg dn subsequergt uniform Q{gnalt]tintegrlty.
[0060]  While various embodiments have been described above, it should be
understood that they have been presented by way of example, and not limitation. It will
be apparent to persons skilled in the relevant art that various changes in form and detail

can be made.
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a cell select line; a bit line; a wrd |ine; and a phase change

menory cell, the phase change nenory cell conprising: a first
i nsul ati ng | ayer having an opening, a top portion of the opening
bei ng generally hem spherical; a first conductive |ayer fornmed

over the opening, the first conductive |ayer having substantially
uni form thickness along sidewalls of the top portion such that the
netal |ayer forns a curved | ayer along sidewalls of the top portion

of the opening and substantially filling a bottom portion of the
openi ng; a phase change mat ercpArv@yer formed over the first
conductive layer and within the top portion of the opening; a

second insul ating |ayer having an opening, the second insulating

| ayer bei ng f j LSt ﬁ%?g ing layer, the first
conducti ve ﬂa?%?ﬁg Jﬁ%ﬁ -%e éﬁ%n ﬂ%terial | ayer; and a
second condmﬁtrstvmulmygﬂayfsnlnm apvpeninp.ahs e Hansiglastibstantialyer , t he

second cond#ctlﬁe | ayer aﬁg gntlall filling the opening of the
second PPREBIHPhGP PRYRR andARPUST PP hase change memory cell is

connect ed t @ firfiRosdicliveRk@Gbmhdderenihd opeiifd, @k i@t conductive layer having
substantially uniform thickness along sidewalls of the top portion and substantially filling the
bottom portion; and

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.

5. The phase change memory cell of claim [, wherein the bottom portion of the opening

in the first insulating layer has substantially vertical sidewalls.

6. The phase change memory cell of claim 1, wherein the first conductive layer is formed

of conductive material comprising tungsten, titanium nitride, and tantalum nitride.
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the bit line through the access device gated by the word line. 13. A
menory device, conprising: a phase change nenory array, the phase
change nenory array conprising: a plurality of word lines; a

plurality of cell select lines; a plurality of bit |ines, and a
plurality of nmenory bit structures, each of the nmenory bit structures
i ncl udi ng an access device and a phase change nenory cell, the phase

change nenory cell being connected with one of the plurality of cel
select lines and coupled with one of the plurality of bit |ines

t hrough t he 7aq6e$Basd @Harz@ ngtdtoRd cdllofUMEmOl, whRinthy Fiddt iids¥lafhg WEds formed

i nes, the phase change nenory cell conprising: a first
i nsul aef pyterigliaeludingibaep -phpsehsesilieaie glasst op portion of the first
openi ng bei ng substantially hem spherical; a first netal

| ayer fornmed over the opening, the netal |ayer having substantially
uni f or m t hi 8k Aessiablegeystaicd ewaldry cal, campdpngorti on of t he opening

such that th tal |ayer for .a cyrved | ayer al on i dewal | s of the
t op portion?g¥§?W@Lgﬂ§%pﬁbt H§%§B%@¥Eﬁ§%§rﬁ§“?ﬁPY?ﬁ U35 t om porti on
of the openkHigst electrode arranged as a via through the first insulating layer, a top portion of the
first electrode being generally hemispherical;
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.

9. The variable resistance memory cell of claim 8, wherein the variable resistance layer is

substantially hemispherical.

10. The variable resistance memory cell of claim 8, wherein the first electrode and the

second electrode are formed of a material comprising titanium nitride, silver, and tungsten.

11. The variable resistance memory cell of claim 8, wherein the variable resistance layer
is formed of a material including doped chalcogenide glass, perovskite materials, doped

amorphous silicon, and carbon-plastic polymer.

12. 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:
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a phase change material |ayer formed over the first netal |ayer and
within the top portion of the opening; a second insul ating

| ayer havi ng an opening, the second insulating |ayer being forned
over the first insulating layer, the first netal |ayer, and the phase
change material |ayer; and a second netal |ayer forned over the
second insul ating | ayer; and peripheral circuitry formed on a
substrate and electrically connected to the phase change nenory
array. 14. A nethod of fabricating a phase change nenory cell,

conpri sing the she&pg ifhilatih®[Ferhvig\bhdpkilng aftbé BértibA PR bp&fing being
material; etching a top poftion of the via to forma substantially
henisphericaﬂﬁﬁﬁgﬁ@ﬂuﬁﬁﬁﬂ%@n; formng a first conductive

material in the yi . Lve material ving .. .
Subst antal 1y ant i so e Bhe FRHEVE Ge RIS Ble PRSPt vring
subst anti al kybstantibliynghiforiohitionspaotg Sdevedllsoli hevidmpordotisuch that tHeahérhlng
a phase change terial (p contact, with e first conductiye terial
and wi t hin 5‘33@ HEN E‘é{?f-aé?i’&&_é‘lf_“ﬁ Fol Tgﬁt‘??fp%@ ceiﬂﬂe openiyg aple

net hod of ck@stndidlly fillink A8bit&RPBFiof o e opening; Provi ding a second
insulating material fornmed over the first inSulating material, the

first conducti veapbasechaiee matatial ligenghemses eisahgdirstepaductive lageramd vgthin
via in the ﬁﬁﬁQ@SthEH%@&%Baﬁmgtefia'? and
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, the second
conductive layer substantially filling the opening 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.

13. 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, a top portion of the first opening being

substantially hemispherical;
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form ng a second conductive nmaterial over the second insulating

mat eri al . 16. The nmethod of claim 15, wherein the step of
formng a via in the second insulating material further conprises:
patterning a masking material with an opening over the second
insulating material; and etching to renove unmasked portions of the
second insulating material to formthe via. 17. The met hod of
claim15, wherein the first and second insulating materials are
formed by deposition nethods including sputtering, chem cal vapor

deposition, plas ﬁ@irﬁ'ﬂ’fb’t’dl({%@r fR6d 63dr ﬂveadg@ﬁing,etn@%ieul ORer RRthgRR¥Sh ARl

vapor depositjon. The nmethod of claim 14, wherein the step
of forning anifprn Girkpess ajangsidewalls iz top goriian of theloppring Fish thay therhetals :

patterning i i it i i rst
PPt atf ng CHFERH cRLELE s SuARuEBER. M 0 18 bidfle g ¢ e
first insul atbsregtiatyt BMingla bbtomeortiohlvd thei apening; 19. The net hod of

claim14, further conprisin | apari zing the first conductiyve, .
material prior tﬁpg?ﬂe ?I}gSH%(S‘%)mﬂ%’é(erpégg %W&Hﬁé{rﬁé{“a?liq%‘fer 6§¥W5h1n the top
chem cal negb@mh@@ﬂmnb@ﬂagization. 20. The nethod of claim 14,

further conprising planarizing the phase change material subsequent
to planarizing tRA&ecPnd ssulabnglayen hazingsn epemng, the second insulating layer being

formed over the first insulating layer, the first metal layer, and the phase change material
layer; and

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.

14. A method of fabricating a phase change memory cell, comprising the steps of:

forming a via in a first insulating material;

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

forming a first conductive material in the via, the first conductive material having
substantially uniform thickness along sidewalls of the top portion, substantially filling a bottom
portion of the via; and

forming a phase change material in contact with the first conductive material and within

the hemispherical-shaped portion of the via.

15. The method of claim 14, further comprising:

providing a second insulating material formed over the first insulating material, the first
conductive material, and the phase change material,

forming a via in the second insulating material; and

forming a second conductive material over the second insulating material.
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21. A nmethod of fabricating a phase change nenory cell, conprising
the steps of: formng a first insulating material; patterning a
masking material wth an opening over the first insulating material;
etching to renove unmasked portions of the first insulating nmateri al
to forma first via in the first insulating material; etching a top
portion of the first via to forma substantially hem spheri cal - shaped
portion; formng a first conductive material in the first via, the
first conductive material having substantially uniformthickness

al ong si dewak| $h@etHda of BRIR 25t RMein m&@épadﬁfbﬂlhg/a fvia ih mw;e@onlaqﬁstu%g
portion of the first via and not conpletely fillTng t

heni spteatérish furisperaapippes't i on of the vi a; planar|2|ng a top surface
of the f! rsﬁ) tcfe(?ﬁ'lq %tlﬁa\éﬁmgg%agérrlaglkv;lth% ﬁ?rﬁ 8\;&3? ;see% dnnsulatt ﬁgtmalf'ena? 25d

of the first insu atlng ange
over the fi e&hmgcmchmmdwemmaﬂtedrpbaionanﬂthWSédmnd inshiating material to form the via.
hem spheri cal - shaped portion of the via;

17. The method of claim 15, wherein the first and second insulating materials are formed

by deposition methods including sputtering, chemical vapor deposition, plasma enhanced

chemical vapor deposition, and physical vapor deposition.

18. The method of claim 14, wherein the step of forming a via on the first insulating
material further comprises:
patterning a masking material with an opening over the first insulating material; and

etching to remove unmasked portions of the first insulating material to form the via.

19. The method of claim 14, further comprising planarizing the first conductive material

prior to formation of the phase change material using chemical mechanical planarization.

20. The method of claim 14, further comprising planarizing the phase change material

subsequent to planarizing the first conductive material.

21. A method of fabricating a phase change memory cell, comprising the steps of:

forming a first insulating material;

patterning a masking material with an opening over the first insulating material;

etching to remove unmasked portions of the first insulating material to form a first via in
the first insulating material;

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

forming a first conductive material in the first via, the first conductive material having
substantially uniform thickness along sidewalls of the top portion, substantially filling a bottom

portion of the first via and not completely filling the hemispherical-shaped portion of the via;
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pl anari zing the phase change material to the top surface of the first
insulating material; formng a second insulating material over the
first insulating material, the first conductive material, and the
phase change material; patterning a masking naterial with an opening
over the second insulating materi al; etching to renove unmasked
portions of the second insulating material to forma second via; and
formng a second conductive material over the second insulating
material, the second conductive material substantially filling the

second Vi a. planarizing a top surface of the first conductive material to be co-planar with a top

surface of the first insulating material;

forming a phase change material over the first conductive material and within the
hemispherical-shaped portion of the via;

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

forming a second insulating material over the first insulating material, the first conductive
material, and the phase change material;

patterning a masking material with an opening over the second insulating material;

etching to remove unmasked portions of the second insulating material to form a second
via; and

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

conductive material substantially filling the second via.
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