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WD 2004/ 025659 PCT/ US2002/ 028811 -1 Progranm ng A
Phase- Change Material Menory Background This
wonveesem i s related to techni ques for prograroTug2@2/028811

structural phase-change nmaterial solid state nenory

devi ce such as those that use a chal cogeni de materi al
which can 5 be programmed.jnto different resistivity
states to store data. Solid state nenory devi ces that

use a structural phase-change naterial as the data

st or age nechwpraaming &f BiiaseChaogdbiaerial Meinoras

~

phase- change nenories') offer significant advantages
Ba—cﬁgﬂi@oth cost and performance over conventional charge

S girs 29Rnh8R B IRARS k@ Bniqudd Br PRASAAIRNEERIA PhadeSchange
made of an array of constituent cells where each cell
materibbwlidotate tBmIY deticersakth phthoss bhtusge ohalceginide mategalgylich can

the cell's ta, Thi.s.. material be, for instance, a
be progRauEGLET AR BpRE R ReGh I Er SR ever of bl o

SE61E btbfedthe Hevicbamatenst heFuaiRi phaehite material as the data

crystalline. smal | vol une of the chal cogenj de aI,Ig%%
storagp snechanign Atedagredrie borg semply @5 {Pheperehamee BiwEIoTIehd Offer pighigicant

t f ' [ ' ' .

e
The phdsRBabenasheryriangde of anr @sdysificohdtitudne telisenhdréieach cell has some

crystalline state_(low 15 resistivity) and.the :
structyalphsseraRange aatertah E‘bﬂoﬁeé]é‘ﬁ %ﬁfﬁ/&"ft% Ihigmpterial gay be, for mstance, a
oIR8 g
crystaliiner edsrall véleme o iHe dhalco gandantloyenitegrated ithe a cituit that allows

e G L T LGRS 155 g Bt i o

exhib® BA2 & SHIANDRINR BYmiShhgd &f refstRlR Bétweendhe E156taRitgtatd (low
pul se of current "(having a constant nagnitude) to_the

resistivigy)l gndghe amorphpagwatg (ligh easistivitanand swisocapaide ohediiting

.for. the ase-chan mat er.i [ :
P R S675 TP SEP R BE R ol Rl S e o in e
cell isre&d 1§ néhduihg tHd el srayisthece! Thé ohubebgbiride bHoyEsl is aisbinon-

of a subsequent rectangular pulse, also at a voltage
VOlﬂtl@r eater than the switching threshold, which changes

t he i . r i .

Do RbENd) et pRlabuljshal g, Aot s ooty o
rectangaln ptilsel of afrrent (hraein atdoastattheagindgud sie @b, stvatoltape greater

Y e (i e R T
reset égn?tg [(%Hbl%hbfusﬁﬁl@ 18sh reSigi¥ltAN @his%ni}ﬂgé follBwbd By asipplieAtion of a

o change into thé crystalline state, the _
subsequeng ractngulanpulse, also at a voltage greater than the switching threshold, which

changes the material to a set state (crystalline and low resistivity). The reset pulse has a
higher magnitude of current than the set pulse so that the temperature of the phase change
material is raised to Tr, the amorphizing temperature, before the material is rapidly cooled
down and is left in the amorphous state. To change into the crystalline state, the material can
be heated back up to an optimum temperature Ty, which is lower than Ty, The temperature
Topt is that which allows the material in the cell to be crystallized in a relatively short time
interval and yielding a relatively low resistance. Ideally, this could be accomplished by

having the magnitude of the set pulse be smaller than that of the reset pulse to prevent the
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be heated back up to an opti mum tenperature Tops,
which is lower than Tm The tenperature Tops is that
woho@h2sdshows the material in the cell to be PCT/US2002/028811
crystallized in a relatively short time 30 interval
and yielding a relatively | ow resistance. ldeally,
this coul d be acconplished2by having the nmagnitude of
the set pulse be smaller than that of the reset pul se
phase-Hangé eurmibl frog (WOhRPAKE HAGHRY IR TEMPSR002, 1R 883d enough to cause
hase- change material fromreaching the anorphizing
the may forrgasl bopt but | arge enough to cause the materi al

e Ss%g{? R0 PEORMS Sn@ fnal RRI | S8lioASiNPHASESEm 88 themories, the

mat er | varitations I n phase change nenories, the | .
actual @otpesturt efifterminse-chapge materiphiagbe edllsrafe manuéachapd feviegearies

s e ) TR RE LR S Rl b 0l b6y o

set pul6e! T TIREVArYAoh 366 chRY Ble HREAINE Endyr BofiellPuf S deviddiios
variation can cause the nmaterial in one or nore cells

inadvegntly weeh e dutng anpligation afiine gonventéqnalrrectangylay §¢§ pulse, and
application.aof th '

e S 0% RS ASSALEMIE B8 Bl v

state. O abig thi€ pibléh adodveraiohslprogramndhategknitcestuse asettangular set

tate. T id thi | tional . '
pulse (B e 99l e BB BAGUHIF 8670t BUPRLELpTP Bl i B b |

| ' i f 86 ugted variation in cell
mhe N 5 e L SRAREhIL N, oot 8041 yrion
tempei@fire abthaianhgritds, 16 Ehamne that hovell inthy fevicefcachis Tm while the
expected variation i.n cell te ratyre at that .
set pulki b ieskto 10116 e aere BV R e tiar dovh ik piosBipmpin of the
memofgﬁ?&flfh%? sind8 MYnb& refiBng3BiseiPpiliSSs hed@BiAub GSithE Qesk than Uptital
ol ution, however, may slow down the progranm ncg of
tempetaheres peng gsneted bethe dowerenagnitvdg el the get ulmpddiien, many

.pyl se i s needed to the | ong. ot
colls if ey e sl g et Rl B BB ReGRb L eRelizaic
tempetddfte Wlichetieds todyndelid Jaffe inMesiytivigdetwednrthé fue an nasetystates in

are subjected to significantly [ ess than the optinum
those eallgst al | i zati on tenperature which reduces the dynanic

range in resistivity between the set and reset states

in those cells. 20 Brief Description O The Draw ngs
Brief DB&ribtive Off iThe Drswinks ust r at ed by way of exanpl e and not

by way of limtatiqon in the figures of the ... . . .

- e arArS Wsaiengs Yo chen iR oty B ptlimitaion in th

L g | AR dr Sl BPRRWhich like AfGBhcEs RRIiEHH Sehifahdlements. It
ﬁgureég g%%%%@%ngﬁﬁlg%%d‘?lﬁﬁm?ﬁﬁt_hi s disclosure are
shouldibé noted tmsmférbnces to "anh embadigmenhisghisidbselosurerrge nefaipcessaly to

I ne.
the sar?lte em %a%me%t,eand they mean at least one.

Fig. 1 shows a conventional sequence of pulses for programming a phase-change
memory.

Fig. 2 illustrates a sequence of phase-change memory pro gramming pulses including a
set sweep, according to an embodiment of the invention.

Fig. 3 illustrates a plot of crystallization time in a phase-change material memory cell
as a function of the temperature of the phase-change material.

Fig. 4 depicts another sequence of phase-change memory pro gramming pulses,

including a set sweep.
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25 Fig. 1 shows a conventional sequence of pulses for
progranm ng a phase-change nenory. Fig. 2 illustrates

wa eepesisge of phase-change nenory progranm ngPOUIUSE®2/028811
including a set sweep, according to an enbodi nent of

the invention. Fig. 3 illustrates a plot of
crystallization time in a-phase-change material menory
cell 30 as a function of the tenperature of the

aﬂ]fcﬂgss?hoha mlﬁevamtien irathe témyspratdrectdpheteschangk meterigbigenergory
of phase-change nenory progranm.ng. pul ses, . includin
cell vergus; Mo WaHky? ST ORRACUERES BmUORSHGHS b BisdTiEIOR ISeine
applied's'%)stﬂ@w.t he variation in the tenperature of _
phase- change material in a nenory cell versus tine,
\Rtig | Geillastsaies splotpf memorydieH gesisanos versus tiogsamemirs qurent level,
i nvention i s bein appl.ied to the cell. Fig. 6
forap?l]th‘&@’EP}%fts%'§ﬁ%Pgﬁll%$nW ffbry cell resistance versus

@“ig.gf &Pt pfoi bf BRokLYd resistandeVerdusPaddramitligg current for a large
phase-change nenory device. Fig. 7 depicts a p|ot of
populatlelllmf memery callssshomangan eempleso r@bﬁﬂdﬁ& Wige ¥ariatiomn thsy
arge popul ation of nmenory cells, show ng an
poPula@‘Q’é‘npl e of arelatively wide variation in the
papu Atus@ites £bBck Qiagtanust 4 plisss-charpemedteritil agmaory déviee,

Hp. ® afus | : ; .

B W

currenPle9b ﬂgedteﬁ o gﬁ)lﬁ{'ﬁlg ﬁie%gstit&é[ift EaNoftRY &lyicneeded to
programthe to

( stituent cells of the device. Fig. 9
diip T tepiets bbbk diigagn affueembedisrebbof apmtablst apaligasion pifaghase-

n appl i caéniéon of a hﬁse- chan%e menory that

changs HeBPPohA BEOPABISRPRATHIEEPEEESs. 15 Detai | ed
Description According to an enbodi ment of the
i nvention, the set pulse for programm ng a phase-

Detailethh i .h ry is shaped to be generally triangular,
rat her. t han rect angul . I ' :
 Sh055ob 50 LSRR ng S, B Sl b BBpng s pose
changd BRMTRERIshiskd t6Te igbger 1Bt trigtifiaxr, rathir it rectangdi@. Such a pulse is

i ncreased, so that the phase-change_ mater] a&

also refesrddsto dierecasdieweicwoerin Weh e sobsWesRpEP RAFTHY %‘i?ﬁﬁf? Lot pulse
curren# ﬁagl tseeitl-g&%?se%ugd tggte ttng' ghet?s%tech%estﬁa%ﬁﬁl i% b1 LbuLd@ngRidkan reach

at &,
temperatures of at least Ty during the set pulse yet still change to the set state, due to the

downward slope in the trailing portion of the pulse. Better crystallization takes place in the
memory, despite fabrication process and material variations. With better crystallization, the
resistivity differences between the set and reset states are more pronounced. This means that
the tolerance for variations in the memory has increased, therefore lowering manufacturing
costs by allowing greater yields from the fabrication and testing flows.

Although the memory device may reach temperatures as high as Tr, when the
magnitude of the triangular set pulse is greater than the conventional set current magnitude,
the triangular shaped pulse has a decaying or downward sloping trailing portion such that
even those cells that reach Ty, will have a chance to cool down to and crystallize at or near
Topt- The decay during the trailing portion is slow enough to ensure that those cells spend the
minimum required time interval at approximately Top, to yield better crystallization even in

those cells. For devices that are expected to have large variations across their cell
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downward slope in the trailing portion of the pul se.
Better crystallization takes place in the nenory,
wdes@iesssh abri cati on process and material vari 2CTAISS002/028811

Wth better crystallization, the resistivity

di fferences between the set and reset states are nore

pronounced. This nmeans that*-the tol erance for

variations in the nmenory has increased, therefore
populatiomes tetimerafh @trentitragsitidd froositssmiyinsin valiiaty itpreignm value

el dg from.the fabricatipon and testi | ows,
for the PR ORI RN 88 PP REIo i P B s [ ggported
to Sho\{)irglgﬁ@éyg}ﬁhl\(\&;%tfoﬂg magni t ude of the triangular set
pu

se I's greater than the conventional set current .
ritigr tludiegtes & bruendeard gbaserchehggproempn pyestsasning gulses i asgording
or. downwa sl opi.n rail i {1l On. _suc

to an g ABEEP e aRAR PR R A oy s Sp b usnEUifbea

phase-SieaBe hidn@g. Thispllk miagbedf afy coBRNtiG] Tipes A fballdnpyis
during the trailing portion Is slow enough to ensure .

rectangiartastshows, wish k sorstamhurme magniudenReeanguia gulsphire relatively
i nterval a ' . i e

ey By B8 D AR SHLTN L BBl Spoboh st s o

may, a8 iifen€isRariRte 0th duckgramdebe ardsetf dranprpliziog pulshbaving a

[l WD 2004/ 025659 .PCT/ US2002/ 02881 - L agi
rnagritole L5 O RGO i g £0P g PGHE CREEE CRBETL R R e reaches
T, th-%/ %Uﬂ%ﬁ)%zgn%{gﬁllp?}aﬂh%mh\é%dé&tiaéf %xgteﬁﬁﬁvélkf,olﬁ@ otredt R®agnitude may

ral on may nee | 'ongef” than for
be diffdent sekong hathediret mrigeddddehves theshihin a predefineg sjatendh¢ pulse
variation

width ke Are IR 20 T e Selgeliel h R o bR AL E K 5ief s prgecfined state
t glpg‘ﬁ‘caﬁﬂﬁ g@ﬁfé@ﬁﬁt llset208 id fosHed 89 a sbedndpiilseR0B Sehicid

| pplied to a constituent cell of a phase-change
2

generailyrtoaygulafhin shape) asshawy. Bbe sfcond pulse AVEhas olsading P

typi cal shape is. rectangul ar . ' .
peaks e Fkep MR i e BTN on ik ey to aminimun
value sz%lin?.t TSIl ding pSitioh MndyaaeE atnfuch\yséang stupleytham the hrgilmg portion.

sw tching transistor shown) .. The first pul se 20

t showr )
The shigg of s aear s 208150 B Pl LHHER Y ST e IpEP s 20

S rror bhi 21 _ ! - ( "

T

of the Mdngdry dbvice, subtiethaedery edlbdfabe mEmory devies cwanggsiian thy first state
t enper at ur e of

to 8 scoaRAHECTRRIGHTE U6 sAghd DS R0Y WEapp L P 88eme The fist
and seffhf(iec? %tatl}%g gﬁ?vla% %hfegff\éﬁ§ sdtRBitdsghéntionedaifve @efHenaekgb@id . The

the first pulse 204 is also |
shapirspdfahe satondphiee 2Ohigvelvoussitings auhbeswé persmeisredat inplude the

.State., Application of the fir ul.s: 4 .45 f
maxigym and é‘@gﬁﬁmbl‘j lges, Qﬁgﬂ\ﬁﬂfgﬁ’ e Pt@“eg“sélﬁ"efg gl} Yl)?%torf?lléén% ul glrre and
type dfghés_féad%n%@ﬁa@ﬂmed,ﬁb Gvellas asofertig tRéhahasvimnheatiofte
portion that
memory device. .
The levels of Iyimax) and Iymin) may assume a wide range of values. For instance,
Ly(max) may be substantially greater than st , OF it may be substantially smaller so long as the
pulse width is long enough to insure that the phase-change materials in the cells to which the
pulse is to be applied crystallize. Crystallization is a function of both the temperature and the
amount of time the material spends at that temperature. This may be explained by Fig. 3

which illustrates an exemplary plot of crystallization time (in a phase-change material
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peaks at the magnitude or maxi mum 12(max), and a
trailing portion that decays to a m ni num val ue
w02004r25659. The | eadi ng portion may have a nucRCgmsatioen28811

slope than the trailing portion. The shape of the

second pul se 208 can be selected, in view of

fabrication process and na&teri aI vari ations across

t he phase-change naterials and the circuitry in the
memor§@BE) ad afnttieedf the Rehpefatirbof thenhaye-clempe matesiab hThdyeot shows

every ceII of the_ nenory nges fromthe r st

d
that at gagrg:tegamqe@ belowelronthe mpteriad Pger\g]ltg C j‘i"gﬁ% pigEa C(H?ﬁfallh
Hence Pt 16Ke J?cgﬁeffﬁﬁg%gﬁ@%)é (@ﬁ’ﬁ%‘q@g&&s g{; Géﬂmefa lowBetefripefiture@Béing

’second states set states

generatedrih iteddsatiznge mattdriaB bagﬂgmbasmﬂdthmee ne;eﬁ@cbiomgt o th@'

cane 5 B W St PLRBR D s To

as many@el®8s pREBId AQ rﬂ&ﬁ@bjf dedice/ BWs 3¢ pivitielthe sHbriéktaiat plogtaneming
structure and 25 type of hase cﬁange mat eri al used, ‘

intervahsTwe B$ wall thdwlewcfiép‘faiﬁtﬁ geswt?@pﬁﬁrr teesgiceBhnent of the

;ﬁgﬂﬁ%el é)%yﬁ( rr}agg? gféxg&géﬁgé bf @{196513&‘«[{{(1% a{§q¥\5v as
zero. I&l@%ﬂ}{a @n t%lyﬁiﬁ‘ltb@ﬁhd aill IK%mrg fc&atltset pilbainay bessd whioh insureseiyatiiee
substantia smal | er
temperpisig obihe @@Pﬁ@t@apgﬁlﬁﬁféngﬁataﬁt%%ésa Frieh RS i bl is
below "In A I{}&I ﬁ%ﬁ of %et(ghlégt”(gfﬁ] ﬁQs tdh$&chaq)t o be appli ed

on Is a funétion of both the
tlélgpe deticis enathel slel;‘&ncanf)plmse-ohaﬂge MECOGTS pm@nmmg pulses. Note

S I TR TS

. A ae 168di
e LTSl uappinece ge ey vl

portiofis,) threunﬂmﬁntbhnem&mp@man besesgentialy Zpﬁ@aﬁé@fdﬁ]&%‘éto the leading

o R o i WO Bl SRAERL & 63 @ orin
Fig. 4 By a?ﬁéﬂlirieé@slopd"qﬁ GEnerdll the @eedy rater 1flﬁiﬁtrdﬂi@p¢rudﬁ snay be of a
ich transl ates roughly to | ower tenp tures bellglgg

wide rglme mgiusing polypranigh é&@ﬂmﬁwdrﬁé?@%qn&ﬁl) So g8 ge fhedtat
pOI'thl&S aﬁtuse ?l?fe??\%ﬁFge?lg i @eﬁg{nc@ {be%vg%?zﬁroﬁ Q?e[ﬂ;gc?c fz)(tlon

se's Ve a cur
tempefmgﬁllﬂtﬁﬂ)althat yields Tops , for as many cel I s as

DRB edat obthe T ke cpvsel iy rers SR T § RESgeitings emory
are 1111'15?991?631 (1 %ﬁe{ ex%f-@'ia.er?r Eﬁff? bBF@Nsenfcah vk basansebs withna |gé ¥@dtion in

o vary over a w de range of val ues
tempetatadefdépicedby ﬂrwsha@d ‘tmad)ofor h@ieh |nyagngndq|:m§1&ecmmtﬁjlndhe

T AT e
tempefithreGRtelval, 58 thHR opHmbumei.H Ubwest, Wet iesﬂ@ﬁn&plrs lobeghddsfor all cells in the

device. This is also illustrated in Fig. 6 which is a plot of memory cell resistance versus set

current for a particular phase-change memory device. The resistance is plotted as the
memory cell, beginning in the reset state, responds to the various levels of programming
current. The sequence for applying the various levels of programming current is indicated by
the arrows, starting from the left and then moving to the right and then coming back to the
left. As can be seen, the lowest set resistance may be obtained at a value of set current just

prior to its rapid rise towards the reset level. Advantageously, the triangular nature of the set



10

15

20

25

30

bel ow Tm at the end of the pulse (when I2(,T,in) has
been reached). Fig. 4 depicts another sequence of
wohew@aediange nenory progranm ng pul ses. Not e POowsRdve/028811
second pul se (set sweep) 308 in this exanple, although
still referred to as generally triangular, has a
rel atively short internedi-dte portion between the
| eading and trailing 15 portions, wherein the
pulse a'lllblfv&erthie diovadse sqi oesistaree balse ﬁsdedﬁlil’a;isltlye st sweapl pybee sweeps back
rel ative to t he | eadin and traili Al so
dow framalsiRerlafiug.o RpEng Hogy Sty Fap e Y Sty el3n teBdnory
ik Nhi 2R€rin ds,
e D R
well asalbet@r pmddet rehatghty. | ncI udi ng pol ynom al, |ogarithmc,

SRRRBEL e PO e S B A 7 i

deplct§ Q %)R)‘t' Gf"m%mro?y%éh ekivehed verstd ok d arﬁﬂnﬁ@mﬁhﬁfou h&arge population of
erval . The effect of the tr|a ular set pul.se on
memoue¢dlls fire ATy degod. nl ks é%a%fesuef@éﬂwfg@n RERgHYeLY gfide variation in the

populalgljglgg {itrr% g%gsglmeﬂt ﬁl@@ﬁﬁf‘&ﬁi@' ) 3{3.1&' %oﬁﬁe &I ﬁ‘O%‘l tﬂe sef:ﬂﬁle BSthe

ion in
reset stai€ Phecipplicitiont (Reesh adl@)i)fbm‘lcbnvémnorﬁl @Ictaﬂgulma;gﬂsd azﬂ:taagmtude

v o b bk G SEppS s the same
rectan%ﬁl%ﬁ%e?hthsg @Hﬂ?? Cglétéﬁl?magﬁl 48 RobRitru@ble 16 Petﬁllﬂ%tvel%y cell in the

resistance i s obtained
deviceablthesdt kiatel ﬁl‘hatiebemsa toalo sPHhescureenhinggnifudemsedsap dg af least as

h t
high %éwﬂsru gug %Tttﬁaté{lﬁ?gngiﬂ sg)og}eo%f tgggq Béﬁ:f%gl Iy ! eg gﬁ%ﬁgﬁggm region 704,
will stﬁz Qﬁh¥ r&@ﬁ’ét&@ whéh the' RfdeHad ﬁBﬁptlﬁ efdedt Uﬁ@otﬁﬁast lit€is does not occur
beginning in the reset state, responds t.o

with thdeet vweapaﬁ%me iscsielectstl ipboag shoming sinceal} eallst inclpgmg those in region
704 asp\pglg %181%8%}515 Z% %gtbeesgi %nogl%g lt}?eglger?ﬁgﬁmatlon temperature

1nterv§1§ I thérefor® MstuRe olf edthrnazdo ttHiEEsIet Bmeb by tHeGuh@’élerpugdethas slowly
then com ng back to the can he seen

decayccbtnels@m;s dihersebivisen iciadicatpd by ade%? lr?ewh%ﬁe tepilng mrctig s ts¥own in
dottedBles CUN T €Nt just prior toits rapid rise towards the
reset |evel. Advantageously, the triangular nature of
t et noMDI2Big48 0 xshBET/iUSBROR BR8] of a pﬁaspu:lhgl@e material
allows this |owest set resistance to

memory, dewes, inghuking yarsharipe Aok TGy Hﬁﬁf 6%%%? lglf)detg lprowde the
voltag‘éaallnP %urr@t?t%’&re'lsr}%eﬁeheto é)%ﬁ% tﬁ@&oﬂsﬁﬁieﬁtt RS 6f ferde®iR6NThe device

I'n the menory device provides superior margin.
featurban zmaamrfynmor colbed @k Whers cadhi @Heﬁmmam Bﬁ aeqesseld by a unique pair

| ds as. bet rod
ot verligf ot 61 iRzt el ElngBEER o, AT BE Sbiditient g Yyizonta
condue®R$b LEEIRWa Ebiétrol Zig\ﬁ@ll fEdin timing logic 620 to be provided to each cell 604

to close or open a solid state switch therein. This solid state switch is in series with a volume

of the phase-change material whose other terminal is connected to a power supply or power
return node. Current is thus sourced or sunk through the phase-change material when the
switch is closed. This programming current is provided through the vertical conductors 614.
The sourcing or sinking of the programming current is performed by either the read circuitry
618 or waveshaping and driving circuitry 608, depending upon whether a write or read

operation is being performed. The read circuitry 618 may be entirely conventional.



10

15

20

25

30

depicts a plot of nenory cell resistance versus

progranm ng current for a |large popul ation of nenory
woebd4g25a39a nenory devi ce. This devi ce suffersPETase@2/028811

relatively wide variation in the population of its

constituent nenory cells. To take all of the cells

fromthe set state to the-7eset state, the

application (to each cell) of the conventional

f'ﬂiﬁxﬂmm@ﬁngmﬂdshlvﬁg dimgitiyt €0Bewilllbe desizaed sa 44 toywookde the

otaghnt Yo o Som e st T DL EP R e st anc
secondgﬂ{]%g %@gc Qﬁdéx*éd@iler%l{hg sRend'paRt Bast éh@ia‘l'l"yrﬂnﬁ&g@dén‘ shape.
evice to the set state. %’ because

The wﬁx@smmmltduﬁr}cm‘tenmpmquuﬁmgr@eﬁ@tmalt?@a@lg WavgshapHg
V. But. at, that

ALY O UECTUME TRRRT SR HITRREER ) S S

othersS tl‘ﬁé’ sl?atp edl PBlséL6 thehldeilven B esnvehBordl fseuhdfuithy stpﬂhhtyeach cell
ended. "I n contrast, this does not occur 15 with

604 thatds C@weel]@d it a vertical, qondqctcprsﬂé‘éqs asiued of sropyingthe ﬁiswd levels of

g those in region 704 as
Curreng\%rf‘fvoé@”g?ﬁ é"e%ﬁ ﬂ#eesél %&‘%S will be swept through
thigd imp\stRidtédzwith @it deasfato@biihe pulsed mey he 3ie(emmnhed by timing
therefore assured of returning_ to the t st a¥1
logic 62Re Timing logie 630 Prevides sligitabgpyirol signaly &F &4V %Dg ¢jgving

01rcu1tg)? SRR ¥ cﬁgﬁll g 1638 sO¥hat t}iquﬂl?er%ﬁgulmgr ik adukd B resistance

onls otted lines. 20 Turning now to
of the Hieghor$ cel]/\BKM (rézl apleration) e motike tie rdéeh gndasnt pﬂlsas at the correct
eVvi

tmindgigaq R ey FPRGOH Aespeteyo fine! 208 TR ooy

fashloH [w%%féje%cﬁ bei caPdd é@@@ss@d‘ﬁd%ddaﬂ?t or M@} be bRBEQEAtéDaccording to a
ogram t he constituent cel of the device. The

row bxdmw basis, lle@ndingsipan ﬂmlnalyarwveimqqnnym@ﬁs pEthe gzemgry sgstem.

h |1 604
BB meore SRR R TR BY y DB LG B8 e e iffprom
fabncétlbntﬂib&s%bﬁgmﬂﬁigta, slighey hedifisdVedlio?df Landetionabcoiiflimentary

l'ow a control nal fromtimng logic 620 t
metal pxldv seBiondickrd FMQ) logig fabrication BReHr T g‘ﬁ éﬁaﬁéogfﬂq {s$04 and the

waves é?al%l dl{l}z Q%EHS{ %08 H}Sf e éél 1ﬁttl?%]s%1r§"i‘n{e técﬁcﬂcﬂlt (IC) die

ase- cnange terial
if domlgﬂ@ﬁ&n eileerdvirangd ofahe losvee oowt eﬁ systen Dntegrgomem ssipgle ychxpr

t Cu t hu
P o Bahisimies BISE ipgabg o oBRy IS APRIaoR L o hp BHFRS cpanee
memoﬁr1 gﬁ)%gm?r; rQée@Q&éEHHB&QaH&% r Rgihaéesclﬁhgé/ 8y DoPlsBperated

conductors 614 he sourcing or
accordihg ki argerbodimentynt dlogr pmgnarrgnmg pragass degcrﬁgdfabpm; dThpphase-

changg epray 008 P RIS o B e SO T ey HEpeath die bas o
memdi’? afr®that ﬂ%@%@hﬂnﬁféd'a&&&h@@o peNafbiiednbotiaerite aflthe programming

rcurtry may be entirel ¥ convent i onal .
techniz0exdodigEabpeTindg2nd 9. 0Pgse iIC

devices that are arranged in modules such as conventional dynamic random access memory

VO
dieg may be separate, stand alone memory

(DRAM) modules, or they may be integrated with other on-chip functionalities. In the latter
embodiments, the phase-change memory 908 may be part of an I/O processor or a
microcontroller.

The application 904 may be for instance a portable notebook computer, a digital still

and/or video camera, a personal digital assistant, or a mobile (cellular) hand-held telephone
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The waveshaping and driving circuitry 608 wll be
designed so as to provide the voltage and current
woOevalesashat are needed to programthe cells 68dT1/US2002/028811

according to the first and second pul ses descri bed
above, wherein the second pulse has a generally
triangul ar shape. The wavedhaping circuitry can be
i mpl ement ed usi ng conventional anal og waveshapi ng 5

unit. Biallcafithese apysiivations, o elgetados Systomp ircludesia pmcempét@ﬂm’[ ades the

and Iogarlthn1c circuits, as well @ﬁi$
phase-shanpsanemery €68 af Bmﬁ?élhn@moy%w 569;6&8&% %%EF ﬂfS&ﬁ%‘POﬂ
Alterngtﬁ{;ei:l#'l |he g}ilaﬁg chd} %E Ima 4.155&‘% g AsCANABE ti&Fcd Rr non-

tor 4 'S assured receiving the
Volatlldemrat@(:bﬂce&@hmi dafta. ’Eh,erpoartablempphmionégé comlraminatmsmtmher

. Set t|n1n ass
devieds¢sch 88 BFSBE RRPYEF B BRPHCY B PEIR 15 100 PRgTEe 14
This Iﬁ?grterﬂcgbli‘@ aQ Prévi@LibcBdsaY 'a@@ﬁlpdteﬁ pérathefd BhiE, @l high el digital
the waveshapi ng and driving circuitry 608 and the

commmalaaltlcm tranginissiondirg, etoant mdanng e ynghided trensreissipns. e t her

commFEALE S5k 30P08: o 1A DL oL 08 5

process6f 4rRiGhe I/0 ifichfdc@ITY hay bl &ccﬁ)ﬁip@@lﬁms[f@mm'elﬁ&mhl @dputer bus
Accesses to the cell 604 may be in random fashion
archit¢gfee each cel |l can be accessed individually, or it
r d
paLs BVl A oA A kb Papb R e &0 Bowered o
battery bes mrm)“oyves yaipdyrbus Jliée Smamihgl appdichatten Ypis abevlaliynbafiery.
be.bujlt usin ra f differen
powereg s BeHBHl Wé‘ﬁ%gé‘}"}“ i g ig-chaugs BREPYY ORstppidpe
designé@hte igﬁﬂllcféf thé‘déé‘ﬁ@ %@ffbl%‘ﬁilce GOIOR! JoRkRR b MmpfiBh dveRX iTHl 8ddition,
sem conduct or | ogi ¢ fabrication process. The
due tocthe saptriztedcstd cs"p@fmbla ragplnda@onmvﬁme@rnam eameangngshoiva g Fig. 9

e B84 ST R B AT AP o

ﬁmcubmlt& OPR LSS thedd ars YoHice ﬂbh@bﬁmaapma@@hs&omheqiheseccmange
9 illustrates a bl ock di agram of a portable

memogy 803 Bat memobgwver Theee kkde-fentmtgace. lsgppsfwork servers or other
confi AT S5ER e AERGL. AR SR e PS8 PRI o e
changt €enor@gr anmi ng process descri bed above. The phase-

change nenor 8 may incl ude one o Lntegrate
e g g B RERS GREF TP B RSO Ge MF g fnpfisy pulse
may Ha§e B Bg&r AFRPmAGHERIAE 0P Geld, WiSe VREdt Ps%%f%&ﬂﬁl H@H EoSaIwa the

rogranm ng- techni ques descri bed above i n Fi gs.
cells dlftBe arfyetodelpBdgtamsiedayto bee ey atate. lhestxamglaay pwlse marplsp have a

e s fhat are ranged in no
fllng 8t SRAF=-aE e AR oL Rmh A28 gy spiti,
howe%?déile Gorel( lexhiSMry M BEploBtRethideebhdub nﬁiyh%rkﬁmﬁﬁilwme range
functionalities. In the latter enbodi nents,

of diffehent phashaohgecearantorigls ngphﬂa‘%/s}@ée%ﬂ&mgd’ﬁlaﬂﬁdb’/sbw falhng edges.

PR lelrsn%)a%z(e) vafious embodiment of a phase-change material memory

programming technique, referred to as a set sweep, have been described. In the foregoing
specification, the invention has been described with reference to specific exemplary
embodiments thereof, It will, however, be evident that various modifications and changes
may be made thereto without departing from the broader spirit and scope of the invention as

set forth in the appended claims. For instance, the phase-change material may be a



30 microcontroller. The application 904 may be for
i nstance a portabl e notebook conputer, a digital stil
wanai4onsesh deo canera, a personal digital assisPamus2me/028811
a nmobile (cellular) hand-held tel ephone WO 2004/ 025659
PCT/ US2002/ 028811 -8 unit. In all of these
applications, an el ectronic9systemincludes a
processor 910 that uses the phase-change nenory 908
chalcogsnide @llo pon sthersnitalile stttanel plode chage datieridl diat atts as a
execution, Alternatively, the phase-change nmenpry 9Q08. .
progragyate repistr. ddie Spefacatiop SR e Wi A% GRG0 Herlgd in an
illustr 3 RA0E: Bhn §PURIARA dea, The portabl e application 904
conmuni cates with other 5 devices, such as a persona
conputer or a network of conputers via an I/0O
interface 914. This I/Ointerface 914 nmay provide
access to a conputer peripheral bus, a high speed
digital comunication transmssion |ine, or an
antenna for unguided transm ssions. Conmuni cati ons
bet ween the processor and the phase-change nenory 908
and between the processor and the 1/0 interface 914
maybe acconpli shed using conventional conputer bus 10
architectures. The above-descri bed conponents of the
portabl e application 904 are powered by a battery 918
via a power supply bus 916. Since the application 904
is normally battery powered, its functiona
conmponents i ncl udi ng the phase-change nenory 908
shoul d be designed to provide the desired perfornance
at | ow power consunption |levels. In addition, 15 due
to the restricted size of portable applications, the
various conponents shown in Fig. 9 including the
phase- change nenory 908 should provide a relatively
hi gh density of functionality. O course, there are
ot her non-portable applications for the phase-change
menory 908 that are not shown. These include, for
i nstance, |arge network servers or other conputing
devi ces which nmay benefit froma non-volatile nmenory
devi ce such as the phase- 20 change nenory. As an
exanpl e, the phase-change material nmaybe Ge2Sh2Te5. An
exenpl ary pul se may have a peak current magnitude of
Ireset, where lreset is sufficiently high to allow the
cells of the array to be programmed into the reset
state. The exenplary pulse may al so have a falling
edge that decreases fromlreset to zero current in
about 200 nsec. These specifics,
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25 however, are nerely exenplary and the progranmm ng
technique may work with a wide range of different
wohem@adsange naterial s and pul se shapes havi ngCT/US2002/028811
relatively slow falling edges. To summari ze, various
enbodi nent of a phase-change material nenory
progranmm ng techni que, ref-dfred to as a set sweep,
have been described. In the foregoing specification,
What fshedaiimed é93t i on has been described with reference to
specific exenplary 30 enbodi nents thereof. It wll,
however, be evident that various nodifications and
ange gmﬁﬁggr ;LTerRs g from
tEe br%lgg?&%gﬁpﬁggand sc%%%n%¢§theﬁiﬁ§gﬁﬁ%g% as set
forth applyihg adippentiedo elcanstisuenteall ¢fiibe mwry tlendce, the cell

i 155 GG Wy i PR PR gt o

first st h@bfhen St ruct ural phase-change material that acts as
a progranmmabl e resistor. The specification and

dr awi naeplying 2 seecndmuisede $he cel tpehangg theqmaterial fegm the first state to

R s o AL L L R L

is: 1 1. A nethod for programm ng a nenory devi ce,
conprising: 2 applying a first pulse to a constituent
cell of the nenory device, the cell 3 having a
shruct ‘ﬂl@ oBdA%TE RN AendTB f’xec‘l'ié @coﬁ@plﬁ&é’ﬁa@ atlgfdn‘f@b&rtl%n
dat a, eave the materiral 1n a rst state;
follovteldény a'irzahnpg portign,shs Eading ppﬂiosélangtarmepei sﬂopedh@rh‘dng]eulmg
the material fromthe first state to 6 a second,
Portiogi ferent state, the second pul se having a general ly
triangul ar shape. 1 2. The nmethod of claim1l wherein
the second pul se has a | eading portion 2 fol| owed by a

t Bai | i Age }mthﬁld(ﬂf Clallllhéﬁ Weaeinthe jropnd mﬁsmﬁwﬂlﬁlgmalué@%@per
: t the t f
mten%eld};ﬁ? cﬂﬂgﬁg?tg%ﬁn h%gez{ é%% 311819 sdet%n ﬁﬁgrp e nc é‘gﬁeg%lg ©

intermedi=@s pEHoRhS REialy zEetsispe I’r]eltatlﬂ& toekslieading and tr@ﬂung pdrtions.
the trailing portion and wherein the 3 internediate
portion has essentially zero slope relative to the
! gadl n%h%ﬁgtﬁod%fl 239 1RORLLARRe firstpdise iERRa BRBAd t(?feave the
eflrst pul se (8 ehape SO as
materiatm/aahlgh @esistance state and the second pulse is shaped so as to leave the material in

a low resistance state.

5. The method of claim 4 wherein a magnitude and a decay rate of the second
pulse are such that every constituent cell of the memory device changes from the first state to
the second state, if the first and second pulses were applied to it, despite fabrication process

and material variations in the device.

6. The method of claim 5 wherein the magnitude is high enough to cause the
phase-change material in at least some of the constituent cells of the device to reach an

amorphizing temperature, if the second pulse were applied to those cells.
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2 material in a high resistance state and the second

pul se is shaped so as to |leave the material in 3 a
woOawdreesdsst ance state. 1 5. The nethod of cl ai RC#HUS2002/028811

wherein a magni tude and a decay rate of the second 2

pul se are such that every constituent cell of the

menmory devi ce changes fromllhe first state to 3 the

second state, if the first and second pul ses were

appl i etthé mettod dfeBpmtcewhabiniteaddcan rae Bodos edowhdo cause those

material variations in the device. 1 6. The Hethod

f. .
constigiegt ¢Alls theth B 15a¢7d thragarPlidRs lsRegreogaghdewn g Sifficiently
slow i€ s &%apﬁ@}ﬁéée%ﬁqgﬂ% ﬁtﬁﬁgﬁf i#thds? cails éh%ﬁgis %ﬁﬁ?é’ﬁrﬁ e to the

constituent c evice to rea
secondsmatephi zi ng tenperature, if the second pul se were
applied to those cells. WO 2004/ 025659
PCT/ US2002/ 028811 -11 1 7. The method of claim®6

wger ei i HBSofEdR e’ Bhfpristigs! oW enough to cause those 2
constituent cells that have reached the anorphi zing

t enper at array haviepaplugdin oficonstiwentidells.caeh gell pvingmstructural

pace so that the phase-change, material in those cells
phase?ﬁ%égatf?%ﬁfﬁée ercgﬁss %t %“qo the 4 second state. 1

8. A Npapéshapiay iab€ dE0Rp cirtuitty codplédicairotide i@volageand current

plurality of constituent cells, each cell having a
levelsgrepdadito peagrars thplyeliphakgoastifient cplly, therieugptorgeaerate a first

ol | s.. _ 1 ! S . L
e T T
the maessled shid cpnagnantcelhin pfitst sthiet andahercansbnd pelse tocled dpplied to

L b RonE B8 by L g
wherd tHeREcITRTRIS ifj Vi€ atg;é?c%rgl?syfgitag%lghpﬁlaﬁ@t erial of said

constituent ce In a and then a second
pul se to be applied to 8 said constituent cell to

change.its material frgmthe.first state to a cond, . .
d !Bf f er dHf Y fie‘é‘cmﬁﬁaélfrhg Fhgrelbing HV&VB%E‘B‘@% d g sipcuitry
is to sRaSkERE Edlohd phlsk ANBEMIRY a FAGRAE podtich. folleedTBYTR ErilEg poftton, the
~of  claim8 wherein the mavesﬁa_l g and driving
leading postion havinga stgenep slopapen thedrabieepeitionl se as having a
| eadi ng portion followed by a trailing portion, the 3
| eadi ng portion having a steeper slope than the
trnai | i Mhep@nidrodevite dHclaiih® wiiersi the dieatérizé car cledngd fitosh a high
. Wwherein the material can change fragma high 2
resistgnes iSEeARAOYTETIHAS Siplp BIFCIROBS i uapRioshppe the first pulse so

that whign RPPIRS 1edvas tifed thsteifliy s4if cShidient &1 i thS higRYb38aRR state, and

to shape the second pulse so that when applied leaves the material in said constituent cell in

the low resistance state.

11.  The memory device of claim 10 wherein the circuitry is to shape the second
pulse as having a magnitude and a decay rate such that every constituent cell of the memory
device changes from the first state to the second state, if the first and second pulses were

applied to it, despite fabrication process and material variations in the device.

12.  The memory device of claim 11 wherein the circuitry is to shape the second

pulse with the magnitude high enough to cause the phase-change material in at least some of
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3 that when applied | eaves the material in said

constituent cell in the high resistance state, and 4
woaoshapsdt he second pul se so that when appl i edCraa®3/028811
the material in said constituent cell in 5 the |ow

resi stance state. 1 11. The nenory device of claim 10

wherein the circuitry is t-d2shape the second 2 pul se

as having a magni tude and a decay rate such that every
the co@titeért cel&df thetidvied totrbhnmnmioyphidng eammeatareaifghs sdcondipulse

the first state to the second state, if the first and
were appiightp thasswliswere 4 applied to it, despite

fabrication process and material variations in the

device. 1 12. The nenory device of claim 1l wherein

t b8 ci Theitemory detice shdgm t2hwhareinghelcizeypuy sseowhape thégecond

o 55 P 0 oS L ARt
amorgRiZthRAMRA P88 Ldol dodd ada kifgickaNS ElotiRE s6 lat ﬁleq%aéélﬁlange

devitce to reach an anorphizing tenperature, if the
materipbucthdsemells ehangesvbpm thp fitst slatetto therssendesidtes. 1 13. The

menory device of claim 12 wherein the circuitry is to

shape the second 2 pulse with the decay rate |ow

engaugh The nfeants§ dbVies 6f danss Wwheehi the atrh aidéie wisdghaping and
. reached the 3 anorphizing tenperature to cool down at
driving ciggpitry greformgd & b spae integated sicyihdChfigse- change 4
material in those cells changes fromthe first state
to the second state. 1 14. The nenory device of claim
8 19her & methbé farpragramning heensre dbdpe, cgmarising? dri vi ng

circuitry are formed in the, sane in rated cir.cui
(10 - eyl ia HadoP o Gl ShE AP HORGEG the ool
having %‘é{rﬁ&urafgfti%glecﬁ?ﬁ@: m&AeRARS ¥oRGha c&1’E dhtaPidl lézﬁfelttfi’e ﬁ‘éiaterial ina

onstitue of the nenory device, the ce
first stageyiangjtlenst r uct ur al phase-change material to store the

cell's data, to |leave the material in a 4 f]

Stat e, angtieqeea P i G138 efine o waltpol 1k e fipt sute o
a secdnd, GFRAAE sthitetHBE&INdDulsE havihg bie abtiveShtestalirewhieh aGighal level of

second, different state, the second pul se having

an
the segend s in centimiously varyinegwish §mgnand wesrain thy celichapges from the
co ul ' Nt A ing wwth tinme, and
first s\tj’ﬁe&o&ﬁe;}?eggié&gﬂg}sel : Ec]Egrﬁ‘ggg‘t gt?‘%eyo%%?{% 8 first state to the
second state during said active interval. 1 16. The

nmet hod of claim 15 wherejn the si | level .is .
cdfit nJélséwhqﬂe%f@aga hgv Segitee SRl cRptRYEsHderipasing
with tifl ﬁﬁffx?é the active interval. '

17.  The method of claim 15 wherein the first pulse is shaped so as to leave the
material in a high resistance state and the second pulse is shaped so as to leave the material in

a low resistance state.

18.  The method of claim 17 wherein a magnitude and a decay rate of the second
pulse are such that every constituent cell of the memory device changes from the first state to
the second state, if the first and second pulses were applied to it, despite fabrication process

and material variations in the device.
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1 17. The nmethod of claim 15 wherein the first pul se
is shaped so as to leave the 2 material in a high
woesiaesiige state and the second pul se i s shapedTRS2@3/028811
to |l eave the material in 3 a lowresistance state. 1
18. The nmethod of claim 17 wherein a magni tude and a
decay rate of the second 213ul se are such that every
constituent cell of the menory device changes fromthe
filgst atmbmofyodevietdompsisingnd state, if the first and
second pul ses were applied to.it, despite fabrication
pr oces 80 ATy BaviRg @Pluaahtso o Gonptiiyaat quS=teﬁ%h erdlhaving 3guctural
phase—% 4%%?:@1@% tE%éﬁ%g&%/s As@8ddy -13- 1 19. A nenory
evite conprisin an arfray having a plurality of
c o nst i Waeeﬁhamag Iaﬁd daamg cmahtry hauplergtoqorevﬂa ditaJ\rCﬂtﬂage aad current

{ {a
tevelsaREHa BB BT s it g T S DG pepriga it
pulse H"lﬁ‘e éﬁ%ﬁl%@ SLoRT tRIPIBINy ofconSivBbif BRESEHe h2nirPEEARR to leave

he plfurality of constltuent cells, the circuitry to
the mgelndméts@daomtﬁmnt eelbm afrst xsatbeandﬁbm @gecond D‘rh]ée torbe gpplied to
said CB%S raI 1‘7& Of Cons Irgfl %13%1 Oéllg‘l I s{tﬂ? Bogg ﬁlqﬁffér%ﬁ stteRe the
secondl pisé h&¥ing am aawé ihfepnl i wiEer aalgaam Iseelof tme&ﬂﬂl pue@ o
8 said constituent cell to change its material fro
continuRusly varingwith dmepand %@@lﬁdalddaomtgw% celdisdp @haltgﬁeﬁor@ the first
interval in which a
state tg%ﬁeo&fq &Iétgﬁ% dg?}{%%gdgg%\%g “é%ll'se is 10 continuously
varying wwth tinme, and wherein said constituent cell
is to change fraomthe_ firs 1 state to the seco
stt e AP MR davisees Jam o whoiai the Sy Oﬁﬁmqﬂe second
pulse gﬁ Waf fs %aﬁllé’s}ems]c%nﬁﬁﬁf §1P]I'Bet:113551ﬁg Wﬁ'tﬁﬁé’dﬁrﬁlgttﬁe 2diRR8nterval.
the seco pul se so t Its Signal level is
contl nuously decreasing with tine durl ng the active

er Vﬁiff’ H%ele (é g d&}gg ﬁgﬂ@a’y g@wﬁge{no ¢ g‘g% 8u sﬁrélpe({ £ 48 to leave

the mmaﬁ@lﬁh alhighredishh@dsthte ahé HRReCONAPIR iastthpbd o sL008u e the
ul se is shaped so as to | eave the 3 rraterlal inalow

materab g} & loantesistangg gateq 22, The nenory device of claim 21
wherein a magni tude and a decay rate of the 2 second
pul se are such that every constituent cell of the
meeor y Tie vdheorg ldavigesf ¢laian2 1 waerkin siagidtisic ahé atdecdyirete of the

second state, if the first and econd | ses _were
secong palsp aep u6h fiat evrry gpastityenbisliof (hmemopy desacchneps from the firs

state {0BhEEdcBhd Male! AUhORS Afll SBELdARYLES Svere applied to it, despite fabrication

process and material variations in the device.



