WD 2004/ 017328 PCT/ US2002/ 025932 METHOD FOR READI NG A STRUCTURAL. PHASE- CHANGE
MEMORY  Bawogrooumdsfs0001] This invention is related to rqad;@pgsALsons that

are applied to read a phase-change naterial solid state nmenory device. [0002]
Solid state nmenory devices that use a structural phase-change nmaterial as the

data storage ' f LJmly as phase- change nenories')
of fer signif |W?ﬁ%@@?ﬁ%&ﬁ@ﬁ@%%?%%amaMﬁmmem i onal
charge storage based nenories. The phase-change nenory is made of an array of
consti tuent Betlk%omdre each cell has sonme structural phase-change materi al
to store the cell's data. This material may be, for instance, a chal cogenide
all oy that efﬂyog%{is a versi bl.e st%ﬂct gr al phase change from anorphous to
crystalline. 11 vol'thEVERIPRE® EBhaleddgeRed eparatiopsitsat dmtapgiiatied i nto a

circuit thatrald ophaideratld mheeragkoBd stk ' g programabl e
resistor. This prggrarrrraagl%e resi stor can eiﬁ%%?ﬁ%%ﬂgger than 40 tines

dynam c rangfaoéﬁé resi stivi t?/ between a relatively crystalline phase (Ilow
resistivity) a rel afld sfae mrirprodevisemthat (b glstiuesiat pMadeydhanbhe data
stored in theeehl ad the RRH Y FEASUE] t I, s resistance. The

chal cogeni de al [ oy TelT 15 a0 no%é@?%@?@?ﬁeﬁt& © $HRP phafs Bléffinge nenory

cel | can be @hangeamentbrias )enffanrsignifinant avamtagasdadobly coprind paisyrs Rt pul ses
t hat have th ke | nd duration d that cause the needed
vol t ages acrgg%p %\rg%%lr%{r‘lgln %‘;%ﬁ%ﬁge E REV OIS a@\?ég"@-séﬁg‘ﬁﬁﬁe ARBeal in
the cell. A sahedeedaneltay of @nstituaitued$ wheb@sLCHANGR JHRADEY LR Y. Pe

pr ogr ammed ini_lo a sel ect egqrs ?te b% ra};ﬁﬁtna a ell voltage and a cell current
for the sel el 8%?'93?&8%%3_ @é}_%?ﬁﬂr ¢ Fribs Aafad fiP%Véﬁfgn@lffé@Y§’ﬁef0char acteristic
of the phasehghangeahilkbgehidenllofahsebihibitde reﬁ’é%lswmrﬂgfﬂa%?tch%r\ e then
typically Iog_ﬁred to gui escent |evels (eﬂg essentially zero voltage~and

current) whi CRTRREIRREYS fherystaling volumeshtteth esidemilay 8r ocess nay
be perfor nediRYotdhed arBld GAtdiPhaPhilohRrh : .pul se and a set
pul se whi ch canglfoar ogr amat he cel Ia_i n(tJo tm%gélgﬁ%‘grag%t{agiﬁgf%&gpét es. In both of
t hese pul sespregranugnrplevesisiye Tveipragrrrunablenesistar ean aukibit greatdrsRaat0l east
as high as ¢ i 4 r.e .| evel s eded to,programthe
cel | . Next, ﬁ'{g{e?’e%at @S‘%ﬁ%g Pg%% Cﬁ&@ébeaargiauve?y Erystalfine pﬁase (16w

resistivity) and a relatively amorphous phase (high resistivity). The data stored

irt the cell is read by measuring the cell’s resistance. The chalcogenide alloy ceil

is also non-volatile.

[0003] The phase-change memorjr cell can be programmed, i.e. written
to, and read by applying current pulses that have the appropriate magnitude
and duration and that cause the needed voltages across and current through

~ the volume of phase-change material in the cell. A selected cell in a structural
phase-change memory may be programmed into a selected state by raising a
cell voltage and a cell current for the selected cell to programming threshold
levels that are characteristic of the phase-change material in the cell. The
voltage and current are then typically lowered to quiescent levels (e.g.
essentially zero voltage and current) which are below their programming
threshold levels. This process may be performed by the application of, for
example, a reset pulse and a set pulse which can program the cell into two
different logic states. In both of these pulses, the cell voltage and ceil current
are caused to rise at least as high as certain threshold voltage and current
levels needed to program the cell. Next, to read the programmed cell, a read
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1 WD 2004/017328 PCT/ US2002/ 025932 pul se may be applied to nmeasure the

relative ﬁ‘?ﬁo@b@'}?ﬁ of the cell material, wthout chang‘;rﬁglgﬁézﬁ)s ?‘g’fszeéel I

Thus, the roa ul'se typically provides a much snaller
current and cell voltage than either the reset pulse or the set pul se.

BRI EF DESCRI 00041 The invention is illustrated by
way of exa I%E%%%quﬁgéﬁg@ aﬁL‘\rﬁgﬁ%f%ﬁwf? FEStHhandel gfuheseldtnaidigal

acconpanyi ngvithawt dgsnging Wsipdtaski Keueefereng es,(d adi; sim,l ar el ements.
It should be noted tha ?ef Er ces to 1?@” e?r%(l)scﬁ ﬁgjﬁgﬁl}}ﬁpf%lgesd&l% ure
are not necessAriYBRTEAROL SHE BRI AR vaitage theyeitteanhateskegslse QRe-

[ 00051 Fig. theshiomsisa. bl ock di agram of part of an integrated circuit that
features a phase-change nenory array that is coupled to be controlled

according to an enbodi ne kn ention. [0006] Fig. 2 shows the
current vol tage charact _ 1l E DRAWINIEEge nmenory cel | .
[0007] Fig. 3 depicts an exenplary t ring diagramfor various signals

associ at ed WeM]a cel | Theirvgnehags aneks 8 ccording to an
embodi ment of the invent }ég%zkgoofé? Fig.t@digﬁ‘?%g??%’iaégp ag’idr%%hy wali@fati c
[

of an embodiFBHRHR IhEhes the amorapmwngmawnn%ymwi&m&eé foreRuRl ed
to the bitlijResadsidn - n ry array. 09) Fig. 5 depicts a
fl ow di agr arln of aans%%%gm%éb??%h@ hgd.‘c%%‘?ﬁ%td% CARTNRS tagéfﬂ"r uct ur al
phase- chang&TMHRAFAETE éN thia désniokurg are nannerdassiiFastthe 9fmk Qﬁmﬂd&i‘ﬁ%@% ok

vl

[00101 Fig. hR di agram of a portable electronic ce Tiat
enbodies a p ?ge- \c%%a%égés(ﬁéﬁg'ry | C having the capability of performng a

read operation according to an enbodi ment of the invention. 2 WO
2004/ 017328 [#88} US200 FigZ5stsnv Ok Do KR 2RESARIFBRIEDE an integrated circuit that

features a phase-change memory array that is coupled to be controlled
according to an embodiment of the invention.

[0006] Fig. 2 shows the current voltage characteristics of an exemplary -
phase-change memory cell.

10007] Fig. 3 depicts an exemplary tining diagram for various signals
associated with a cell being programmed and read according to an
embodiment of the invention.

{0008] Fig. 4 illustrates a circuit schematic of an embodiment of pulse

generation and drive circuitry that is coupled to the bitlines of a phase-change
memory array.

{0009} Fig. 5 depicts a flow diagram of an embodiment of a method for
operating a structural phase-change memory cell according to an embodiment
of the invention.

[0010] Fig. 6 shows a block diagram of a portable electronic device that
embodies a phase-change memory IC having the capability of performing a
read operation according to an embodiment of the invention.



[0011] The inventor has discovered that -in relatively |arge phase change
nmenory ar read operation as descri bed above may _be made faster by
app! yi ng g%gzr%e"gﬁgrgzgse pul se which raises a bitline vol tad’&T()lllszf’??én%)éFect ed
cell wthout raising the cell voltage and the cell current to their

programming threshold levels, prior to raising the cell current to its
read | evel . The bitline voltagmmal n a neasure of the
cell voltage (and hence the relative resi'stance of the material in the

cell) becomg@iavai | abl ghse@netor Rad Hlge echa ge pul se.
Thi s appears to be because the bitl |neOV%§gﬂH§h&%[%ﬁ’8 &r@ﬁ)B Ao aAngege

the menory FIFEYT E2EGABXE PPe@élﬁélcﬁstCmﬁ@ebe@abOVSma Wetr@alargee

gy
relation to Brifigatmredhd gRlpul ively short
dur ati on prgg ar 8 unI se Il%g ;gﬁﬁk?%:?%ﬁ%%ag% ﬁé) %ﬁ? g%tatﬁ‘ééﬁlleqeﬁéte“al | ows
the bitlin&? ‘?‘é@ in% the gpdlevpiéage wﬂév@ctedimarmasmmr pto ﬁuﬁﬁ{d vol t age

very qui ckipredgsiai I hl.ead curre 0121 A further
advant age of Sm?ﬁlﬁ %@ﬁ%ﬁg&gég}gg{g tsh%n%plpc SRR ltsé%ar‘:i lﬁ-’l"ﬁ ehoblitheant s

\_/mer e It Ihe cEpltageithradns used t;:oubtlagrh hgﬁeasnd@pm@e@w% gget(m? h%&céﬁ%{ ge pul'se.
is allows atihon to e in vicew variations in

t he struct uféelggﬁé?%(%Stgﬁ$ Béh B.Qﬁ?\ﬂaiﬂn gf ‘%Bili%@@@mgs ayrilahée soaraey in biyne

sel ecting t héepr ofing th@bgidh flser 0013]

Ref erring ngw to, Fi p a@gelg sh OV\TIE]\E%. iﬁ‘ﬁe ﬁwﬁgg‘%gaglrgér%eo S!bré?t hiﬁg an

i ntegrated FP‘E%‘ithq-iRSn hawt a¥&‘-’a¥h§3rf§§n'@f]z5ﬁa@ef le,hmgpahdatrwgac&aﬁea/thh@{g t hat
i's coupled %Qlt@@&l%@%rreialtﬁﬁ tBYnk FE Gy :Igt' ‘Pma? Bé' ?l&% éat' 033} @Sﬁ%&r\éﬁ d

circuitry The circuit 130 is capa
r ead oper at AgRationpredhargs palpe 104 Salcffmauﬂy\@lgmvd)hmgellaveiQ&St £idoslient s

descri bed ay 104, a vertically

ori ent ed coﬁgg‘%gl@ \'?gggglafrt]%gégsf%teﬂﬂﬂ%vgwp Xm]ea%’f?e?ﬂﬁ%? ant%ae B¥H i nes, and
a nunber of quiskly despite %ml%meé:dsmdirrdaldtcumenh nes 108 1,108 2, ...,
sonetinmes called wordlines, may be built on a sem conduct or ICdiein a

Cross- poi nt ix arr Eac Crossin

bitli ne-vxor[cﬂi}ﬁ%& pai r %@g@?gtgﬁgﬁg%gﬁﬁ?ﬁs dETATER r”ﬁﬁ’lelﬁlfsllf{‘tl To
achi eve | omcermiufanbmtdmmtso.si‘taelme kelt g@rrb!@d i@'f@ﬁtroﬁé’@'iddé‘ﬁ’e’ﬁ@é}itlg%é 517%14 in
the array 104 }Z/gbe % %1 FI"tgl?ve the sane structure 17328
PCT/ uszoole’i%cgg bhilohz:s §/ T3} PPeration 4 ba syeressful Bt viewr ofct ur al
phase- changeariations in the structure and electrical behavior of the cells in the array, by

selecting the proper margin of error in the read current level.

[00131] Referring now to Fig. 1, what is shown .5 a block diagram of part
of an integrated circuit (IC) that features a phase-change memory array 104 that
is coupled to be controlled by timing logic, pulse generation and drive circuitry
130. The circuit 130 is capable of performing programming and read operations
on the array 104 according to the various embodiments described. Beginning
first with the array 104, a number of vertically oriented conductive lines 112_1,
112_2, ..., sometimes called bitlines, and a number of horizontally oriented
conductive lines 108_1, 108_2, ..., sometimes called wordlines, may be built on a
semiconductor IC die in a cross-point matrix arrangement as shown. Each
crossing of a bitline-wordline pair is associated with a separate memory cell 114,
To achieve low manufacturing costs in large volumes, every memory cell 114 in
the array 104 may be designed to have the same structure.



material 118 that is coupled between a separate bitline-wordline palr of
the bitl{pe ,{,}1313, ahd wordlines 108. The volune of phase;chan zge mat er

118 serves ore information for that cell accordi ng”f% g”‘b"r%;@r armed
resistivity. Access to each cell 114 in the enbodinent of Fig.1is viaits

correspondl g tli ne- dI I ne alﬂr and i s nmade possi bl e through

addi ti onal itry i f W”& |2 SR %@iuﬁmfaﬁttnmﬁuprlha@e—smiﬁbeas a
par asitic PN&tbtz@DimthTaE@grwd o4 bé@éfee The he sel ected cel |,
in this cas rdI i ne 108 Lq:f s connect ede%a\gg{egée Qr%’}“‘? RaF{F 4hsi st or

124 while t Eéf 1BeE ﬂi%éﬂ@mdﬁ@es 1@ dhevolume m pham&@ir@?dg &@teré'l‘@tl@ﬁ n%g de

of the vol ugeswefe plasE ggﬁqggtmtc | nothis enbodi nent e vol unme
of phase-change Taterial 118 is |§H§g%0|r§é$ tc{ 1S PRBTammed resstitie Access

transi stor i2achgail @ﬁlﬁ@h@@mmlmer(bfofff&@ 1t1|sazm§it§t:@zfres1p?dhd1ﬁv%?t”ﬁ%(3t ed to a

power retu Q cells in the array 104
Bs el | as O ﬁggglglﬁa %'SS.Y%QSQ %sg,%fggee%\é%sbaﬁgamaamrww ncraichropll130 of

the 1C. Thenameinsnétalatiasdcoimmech ad 23BN, Blolr dradflid, 394 argel 10

state switc th wor dl i ne S|g receive

O her confi 8u?§?$8r§%r '&’&SE?%F%?(@E@?\}% s |5ReR RoRg: lftlfhéo&:.& Is comneetet! tbhtheugh t he
phase- changeamrbfetlheafanhiﬁo SRCWhHIRShES |5 hing field effect
transi stor, &@al ) potf‘m lE)I e. Alre5| s'ltltltl)]irﬂe%g E:rrecﬁg %’glspcro £aEd Por

heating andf? EOlRG O phesesbange semreailm {ﬂntltlbemhmldiﬂ‘@n@f
phase- Chang%é%l%@bf(#%%ﬁe—%%%’é]mﬂéﬁa ¢4d i Lﬁggggg tfg%ngﬁ{?'rggd as a

current through the v hase- c ange He his
embodi ment, tfagsﬁt@dzéhwi'blt?tthene edtar pbthe trﬂihﬂstcﬁllilat BULReRELedID aldt Ser

enbodi nent I t of t ansi stor 124. The

cel | voltageétagﬁﬂpﬁ %th&%hang% 9% ?@O%S%Qﬁ%?‘t efrTatelPdas wel as

vol tage rel the tmgtmg)lagle, webeé géﬂekatlbatarudn@mw&ﬁcﬁl&? M@Idfaﬁ@r@cfm s the

vol une of ppase ange materi.al 118. {1"0’8‘@6% Still ‘referring to Fig. 1, the

Pt ng ©ogr daRgflZoRRERE RS shiWruin b £ are e esp ivoa teasvite o e

i nput and Ommlmmrdhﬂé&g@@?fbcbﬁvedcﬁqf%'%et @tﬁexfgﬁ&%hhﬁsn{f&' ine 112
riven

and wordline 108 rra 04. These ports are appropriate
si gnal | eve?es[e%{:h(f?ft’ ”H‘%@“&g‘g C%@‘Ummkém%ﬁh@@t@ngelm@emlm such
programed adsik @d@&%g%% anSeRenk % e circuitry
SuCh as switching LTansi Stors ﬁﬂgtégfseg’é\ht oge)étz)\rﬁeérnlIe %ﬁaﬁ% ﬂ+1 ]éeﬁbs:f%hon
circuitry th%ﬁmmmogwowdgdrr@unmm hagi ogcumwemeiditing purposes in series

with the volume of phase-change material 118.

[0015] The cell current may be defined as a current through the volume
of phase-change material 118, and, in this embodiment, is also the bitline
current. The cell current, in this embodiment, is equal to the emitter current of
the transistor 124. The cell voltage, on the other hand, may be more loosely
defined as any voltage relating to the cell 114 that includes the voltage across
the volume of phase-change material 118.

{0016] Still referring to Fig. 1, the timing logic, pulse generation and
drive circuitry 130 has a number of input and output ports where each is
coupled to a respective bitline 112 and wordline 108 of the array 104. These
ports are driven with appropriate signal levels and timing so that one or more
selected cells may be programmed and read as will be seen below.
Conventional drive circuitry such as switching transistors may be used together
with pulse generation circuitry that allows any desired waveshaping to be
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WD 2004/ 017328 PCT/ US2002/ 025932 achi eved on the signals that are driven
into the @)(# ﬁls] ?Snd wordlines. The timng |logic may al | rrE)I enent ed
| ; par e,

usi ng con conmponents including, for instance, |npart
the needed timng for greater accuracy and speed in the progranm ng and
read operatio The t|n1ng | ogic may respond to input requests received

vi a address 3¢ P‘f?éf domtheRiseas atiasedrives. intSihetbiflirgu astisy BRlide. (oe | OF

I nst ance, Wtihe, a6 Did Hoh glélrﬁ to one or nore cells
in the array 10 Q% a?t he circ |trémggglsﬁ%’tCﬂon\clfgpgl%%locqr%?o‘i‘%?ude any
necessary deBeldidirgf @gil‘cfnff‘tftfet ¢tan§r3@tte tn‘q:earadehrmsledrtdndfgt for ghdigf mat i on
recei ved on j-her20dy} hose bitline-wordline pairs
of the arra;1 104 ?hg't%%}reg @lﬁéﬁ ven ]ar%arf%fﬁ c?ﬁ?égﬁ%dm%nﬁhégﬂ@gluested
data and addﬁ@lésesppﬁ\éi t@.mput tmestsaemayecﬁmef od dRes DRed M1 sadBalGidie 8s the
array 104. [5919111 ﬁés@ﬂ%y ;note t hat Ithou h the description *hetei n
fle~se ted o

refers to a Ot WP GEF EnR -DBQr g Upbidcataredliuend
read, the Cdll(i:)ﬂpttﬁ‘ mareecalls S tieppith GlblleThstthE‘é &éﬂﬁpyﬁ&‘ﬂ{%g %ﬁ] %nd read
stance. dependiRg upon

froma nunber .of, menor cellg si mul taneously. For i

the write roQUESE AYRESFIsaaY CQ%%&PSJGGPME‘}’S@@fhfaadrimbeanabﬁaraarmry cells
that are inihfRenGABh foM @f t Ik u to the. sane
wordl i ne 108, where eaec ve n lellgea@d g%é%{aﬁé%gﬁ%pe‘%&g ge gq}"f“%"twe‘?ffihﬁ‘ietl i ne
112, may be P@ﬂ@g?rfath:ﬁréaramlwiéb@it Serto lbeatrécarsind tH00bBlsped iatieeldquididdhas
been sel ect I.thermpr t ripate pulse is
applied to t éégv%? d?lrﬁgéggbl |C?1%§Jp $rig ?ﬁ%yh ggomé]%ﬁp{%:ﬁ k’? Aifsas fifen t he
cell 114 shewmyH4ig. 1 is selected to be programmed or read, the
potential on the bitline 1122 is raised above that of the power return

node while t otenti ne S .l owered to that of
the power r[&?l n node?dsfl-%q%ci ggln%écgggaé H%‘PVE efiﬁgr{m#ggﬁg}fef% tofhi s,
in turn, allngls se]leetedmtttafgetmmem célbbémgr;ﬁ@?ﬁrﬁ&eﬁ%d fval &16%51 %{Sed by
t he pul se. The ,volt :}ﬂ\cur vel s tha be applied to

sel ected cePFefEP apﬁ%algg i ‘ésiﬂPﬁWPﬂ %Eoﬁawhﬁxrﬂfent

vol tage (i . @embr%el]s?iiﬁflﬁféh@btﬁty' Fr PhsthR&s, @@Ebndlﬁl%%p%n ﬁ{egwnﬁe W5t an

exenpl ary set of nmofy cell -V characterjsti f1gure een
annot at ed t GSSHBSH PHHNS GECYiENt Bk aananbenefanemosy selds thadare in the same row

of the array and are thus coupled to the same wordline 108, where each of these
cells is coupled to a different bitline 112, may be programmed or read
simultaneously.

[0018] When a cell 114 has been selected to be either programmed or
read, the appropriate pulse is applied to the wordline-bitline pair of the selected
cell. Thus, when the cell 114 shown in Fig. 1 is selected to be programmed or
read, the potential on the bitline 112_2 is raised above that of the power return
node while the potential on the wordline 108_2 is lowered (e.g. to that of the
power return node) to provide base drive to the transistor 124. This, in turn,
allows the emitter current to increase to the levels permitted by the pulse. The
voltage and current levels that may be applied to the selected cell for
programming and reading will depend on the current-voltage (ie., I-V)
characteristics of the cell.

(0019] Fig. 2 shows an exemplary set of memory cell I-V characteristics.
The figure has been annotated to show various voltage and current levels that
may be involved during programming and reading of a phase-change memory
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nmay be involved during programm ng and reading of a phase-change nenory 5
WO 2001/01,‘7@%%4/5%5#)82002/ 025932 cell. The change in cell current is shown
as a function cell voltage, for different memory cel PCHUEHEY2RBt e for
i nstance the differ ence between trace ?04 and trace 210. The trace 204
corresponds t@ i.? characteristics of a cell that is in the set
state. In thr Stcganﬁ] SUreNdAgaowatar 4 Alncsbntdieelebltaks jor

predom nant Idyff@r[eyishfédm Aangadhe I n l.ow resi stance to
current. agnt rast, ?hecen t he cqe\iqlttg i IIBE%%ﬁ tﬁﬁggg{erga@(@em@ﬁ@ trace 204

phase- changén fasgiA: The tbﬁ@(}l’@ﬁwfﬁaﬁﬁspynm fHeoly cﬁﬂEthé}?srtf’cg %? F cQﬂ ‘?ﬁ etnt s a
t'he

rel atively hyighheest ggg;_nqg th seQuLr behavi or, of th
reset state is, given by rsactleé 51'%8;5}1 s an' Er%%fﬁ}"ﬁ%‘hftthetcﬁé icel I may be

pl aced i nt oPF‘?ﬂCEFWé‘GHﬂé(t@YEftaélﬂ‘@salsil&mramrt p@Sﬁnti hadw cesgerpoRd. 1,0

traces
206 where tBgnphasehe rha structure that Is neither
predomi nant 'y crys?gl H?ﬁg%%l?%tp@etgorﬁe% ﬁf“ﬁ? usangooRGiridss t he cel |

current risps naly‘tahne ud dried tHeeefopé ?Fés@hts‘ e{‘retlﬁ?velg&%l} r%éﬁunder go a

phase chang hol. d c rent, and vol tage ranges AR dO9s Hown
in Fig. 2 a?urrgﬁ nth Vighak r"@E Ligtthe r@@tﬁ@tmsrgvmbyph@g-raammgtn

t hreshol d | &V@irﬁ:odlﬁ%‘eﬁth;ﬁ amthe cell into a
given state, the cell ur?gﬁl?hjéff@% giag %ﬁ%&%ﬁ%@g%%%tﬂs Flech @/ d1oset hat
are indi cathéd<prresprend fqtrasesalnghare tegirstahbyioy adtscal hds'2GR:208 The

t 208 f.th which it tat
be- progr e s oo Ut A indor e Gl amorshassedi ate |

st at e, depepdln upon the level of cell current reached and the shape and
duration of t%0R®F cel | oo Hengell puirens. IISE@@Bﬂ)}reAQhw:aﬁbnﬂI @eda@BROMH gRnt, the

Lo read o ool PaPiRYsdR pIaSL LRENEE (R R eshold q@%ﬁﬁabé{o@ggﬁﬁugf& ol
t aken abovedescriped2ad shemwih gFigp® dre eka@plds ofawhet ax‘éﬁe%ﬁ‘e{qﬂﬁﬁ@f tLmng

di agrans t forms associated wth programm ng and
readi ng a hgﬁtqé" %@%@Iﬁ%ﬁg‘#% Feeh‘?‘IVF‘d%It t kjactgpbly peograof theaedlf or ms
are il ustriated givethstaee, thesd! ﬁﬂﬁéﬁﬁﬂ[ﬂulﬂmﬁ%rﬁ%% AR lglrelg ?ré G at ur €,

cell voltage d C%F;L urrent, wordline voltage, b|t||ne vol'tag
precharge (7 ) @lﬁéwe algngag) essmf@%rr‘eemaalgea@ow& dlhestn-zgﬂaiDSrray be

used, aCCOF&Bpi@sttﬁe theadAE beMSvior of the cell in which its state may be programmed
into the set state, the reset state, or an intermediate state, depending upon the
level of cell current reached and the shape and duration of the ceil current
pulse.

[0021] According to an embodiment, the read current range may be

between zero and [;. Since it may be desirable to read a cell without changing
its state, the read level should not be taken above L.

{0022} Turning now to Fig. 3, a set of exemplary timing diagrams that
represent various waveforms associated with programming and reading a
phase-change memory cell are illustrated. Six sets of waveforms are illustrated,
where these represent phase-change material temperature, cell voltage, cell
current, wordline voltage, bitline voltage, and the precharge (i.e. PC) control
signal. The precharge control signal may be used, according to the various
embodiments described here, to apply a precharge pulse that raises a bitline
voltage of a selected cell (without raising the cell voltage and cell current to their
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enbodi ments described here, to apply a precharge pulse that raises a

bitline a selected cell (wthout raising the vol t age and
cel | currg‘&% @o .ﬁgesr 6 WD 2004/ 017328 PCT/ US2002/ 025932"‘{)1?’%7#'8%%”%%

t hreshol d IeveI S) prior to raising the cell current to its readout |evel.

[0023] Fig |dp2g thre ums, where the first
col um descpn Bes ghg 22%&&?%@%@%&% éﬂ%&ﬁ’é@ ISHITENE &9 Its redvwsecond

col um desdevéles a set operation, and the th| rd colum describes an
enbodi ment of the read operation. The reset and set operations may be

entirely nti onal he ony descrl bed briefly here. Note that

bet ween pﬁgﬂi’?n’m ng grlgr?ﬂigf epelﬁ?.ﬁ sconéﬁ‘wl% pectladiwordierags: Are, in

this enbodioemn, desaribesla resed opetatidnvigtiyg fpiegfbrﬁféht&}g?cei? e se{:o’ q While the
tage, €.9 dzero volts

unsel ect ed Li re ke t at .a rel | ow vo

or ground. C‘Pﬁ’lﬁm &%%aflgﬁ?ﬁ% PRTRICD %frcg helt?‘ll‘tqq?@umdl@ctlba:s ami th the

unsel ect ed envveldimes ddtthy rehperafignu t _arou

transi stor 124 |ls assu re% Qpel Ei@lnt gﬁlgﬁr?%@c%rﬁ stegbﬂgﬁaet%@ﬁgn%}, E%FF‘ ?Yhat

the cell c&PP@ﬁ’{\fl‘i’%glrﬁf}ﬁeWélﬂ e[odp FSCFBDGdésFe&ﬂ)ahem INottehﬁatthaameéﬁture of ‘the

phase- changﬁo Iﬁﬁ{,ﬁ?dr%m&%&gﬁgngﬁﬁ; r[rbtgl evel @nd mai nta n that | evel
he e

for a given period o t he

cell is re§§ﬂbmﬁl Sﬁlwyi t® wcﬁlaw@dyﬁugheoltbge MLV 1, Reh i mel Lﬁ%e@@%dv\or dline
of the cell gyrrent ,rises to i ven | evel st ays
there for glﬁ#%gr?}?%%{ Fe?v%Y <lf low W%‘gﬁv\%g‘,ﬁ}"@f &?Wf FABNA Ahdsnar ked
SET and RESEférrxﬂgérack@otPﬁl Tehisvhednsathat WethCwen 8Rkleted %81d 1AL aﬁﬁ ”‘cﬁ case
may be) if he Cglﬁﬁe\éfbrﬁl In the se r reset state, respectively.

referring t SRR S AR f&ﬂsr%%l%lﬁersauedﬁy beijifi itslvatafél |

being wri tzﬁ@dieﬂiereb aﬁm@g&nauh@@a!@ﬁﬁbﬁk% hen the current and
vol t ages behave as |nd| cated by the RESET nonenclature. On the other hand,

if the cell lE,%Jng pr r anmed |§ currentlx{ln the set state, then the

vol tage and®&Hrent b ar\‘??‘éfra celly the {PaRPeRaTYIeOf e phasershaniget matesial el ed

SET. To fine 5 erature
£4h PO Barld fraiftoin thaH 116 & i 8% Aot G, “EReLe

of the phase-change material in the cel dby
a quench tithee ert shewn, igiig. 3,Thege1&1wemhtb)t apv;elyum/a eitaps pulsed by

rl'ﬁglr Cei Lt?‘/t ;re %;Edr\]rg&% gll&lebi&fg{n H%Srgithgt‘grérfgh? c@i;ﬁ&&ﬁm\j%\? LePlE2eR RN
given level and stays there for a given time interval T,..,.. The two waveforms
shown and marked SET and RESET refer to the behavior of the current or
voltage (as the case may be) if the cell were in the set or reset state, respectively.
Thus, referring to the first column (Write 0 or reset operation), if the cell being
written to is already in the reset state, then the current and voltages behave as
indicated by the RESET nomenclature. On the other hand, if the cell being
programmed is currently in the set state, then the voltage and current behavior
is given by the waveforms that are labeled SET. To finish programming the cell
into the reset state, the temperature of the phase-change material in the cell is
rapidly lowered as defined by a quench time shown in the figure. This quench
tirne may be obtained by rapidly reducing the cell current within an interval
T eses e 2150 as shown. Thereafter, the cell voltage and currents are brought
down to their quiescent levels which, in this embodiment, is essentially zero
volts and amperes. The zero voltage and current for the quiescent levels help
reduce power consumption as well as maintain the programmed state of the
cell.



down to their quiescent |levels which, in this enbodinent, is essentially
zero vol res. The zero voltage and current for the quiescent

| evel s heﬁ%oagg@32%§pomer consunption as well as nmaint ai RCTV/HE292BHP&med
state of the cell. 7 WD 2004/017328 PCT/ US2002/ 025932 (00251 Stil

referring i(i%ﬁgg 3,\M%hf1 second col umm depicts the waveforns generated
during an lary wef: éeéﬁ’éﬁﬁttPSFB-iihtkwm?}&ghndhelmﬁhldeipscts Beoghapmeg,si nto

its set _stg@gerdtgdgfg@g%e#r{ ey@{égiag Rwrr%tdg%fit?oﬁ ?fﬁg{h? eé state and a set

operation were to per formed, e waveforns t €|&be¥ ed RESET in
the second PEBBIATAMEAENEMES Brfesatenai theidell vhereexintdvitlyag thy rbdee s IRIOLY Jcel | .

To set the ; ase-change material 1s
mai nt ai ned ?ﬁfﬁ%ﬂhgﬁﬁ%%ﬁggﬁﬁf F&F%Idétrt@egr’%%} ﬁﬁmsst%ﬁg?red?b%le@i%ﬁfnh’ervaI

TS, , of thE&wcopd|@enmonse thagaenthasfiibibe deisild bihase BRGRRQYr agred. the
Cts bt near e M RaRRet b phatih et AR ghoional b mRstaineddocal U of
s dep! ctod The apnlicatron o Tha b one Bkl TG HIER & BUREeRES The
active | omﬁﬁﬁ%@ﬂﬁgm%@m%@ FRIOgERmes). thy gﬁﬁgﬂs urisaleciesl epiisihgdisby t he
DUl se 15 1 o n 0, % i kR R T e Bl undior « qut eacont

| evel s, that i i unselected. A particular circuit inplenentation for
i mpl erment i E&PZ@ e precK&fegENB MO taniltel thixel qolumet ofaffigd3, andemBeserédast bel ow

i n connect ' Fi : o) L. 1S ficient .t .under st and t hat
the prec harég;de}1 %%%%ggggpsggcgg&ers% é\feec{w%getﬁ‘.ﬁ%‘% Pt eP&%Ffiagée&P Ketiorgf ect ed
cel | as shtwhpresharge pulskinevidehcaey tevadtivernioof piisg in e pehoyl rai sing
the cell v - rent. to their. programrm ng threshold | evels.
100271 1 n' FAREESAR £t S e pviRs W drofip HERB TR e Soln tge and
cel | cur r eatnbadiinegt shewns delmtgeagulatsd s innstdianer e chengulbense |
with respect to tér?.lncregésrg in the bitline voltage. This I's due to the
gre_- chargeizggﬁﬁghﬁ%’ézﬁﬁ; 1 ﬂﬁﬁﬂsﬁ-ﬁg}i’é : qtt?d-aé_r%@m%é cirswitat i on t
evi ce, pa @itaYiondef elfiéh 168 ”%,th r.ansi stor

124 (see Fi g§ é_} : q028_] Acgordi ntg{_gt o] gflreenb gilﬁfent_, tﬁg en o?ata'ﬁg
prechar ge R eﬁialjfﬁ OWelly HEEFYOR BiithElg- 4s FoR@opoilhis siffidiemitoaf t er whi ch
the bitlingnyedi@ee i#i@%he precharge pulse serves to raise the bitline voltage of the

selected cell as shown in the bitline voltage waveform of Fig. 3, without raising

the cell voltage and cell current to their programming threshold levels.

(0027} In the embodiment shown in Fig. 3, the change in cell voltage and
cell current during the precharge pulse is considered to be quite small with
respect to the increase in the bitline voltage. This is due to the pre-charge
voltage being dropped predominantly across the isolation device, particulafly
across the emitter base terminals of the transistor 124 (see Fig. 1).

{0028} According to an embodiment, the end of the precharge pulse may
be loosely defined as the point in time after which the bitline voltage has
reached a predefined level above the quiescent level. Various levels of
precharge voltage may be used, so long as they help reduce the period of time
needed for subsequently obtaining the bitline voltage that represents a
measurement of the cell data state for read purposes. For example, the peak
level of the precharge pulse voltage on the bitline may be in the range of 0.5
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reached a predefined | evel above the quiescent |level. Various |evels of

precharge%i[#,ﬁglemiggy be used, so long as they help red%@éﬁﬁgﬁ%rﬂ. Qd of
e u

time nee or subsequently obtaining the bitline volta réBresents
a neasurenent of the cell data state for read purposes. For exanple, the
peak |evel Pf the precharge pul se voltage on the bitline may be in the
range of 0Y8'8 WO 200H1i0T AIPETPCTFeERED2IS02BI82 phlabs chande Bavaidls bQr a
menory cel Ias@\’/isgg-f@_.typi cal phase-change material such as Ge, Sb2 Te;.

[ 00291 The prechafge pulse is imediately followed by raising the cell
current to a read level, which is below the programm ng threshold |evel,
~and conpaf?®§lt he bi The peeshgirgageisebs ahmediahiyl ipliohedciy FafhgitRe abi t he

read | evel f : di ng_upon the state of the nmenory
cell bei ngC{rd‘e)fgg,t ' ﬁé@*‘ﬁ%ﬁﬁlf&@f%ﬁgib% PP 4B R MR hokClegel prgs T n t he

reset stat eompargignthefpitlipleacstageraingieedatieitd de haserted at ineeled M@ 1o 4

resi st ance i.tld ne vol tage obtained. while the current 1s at the
read | evel r?%y%%gé{%gtra%teh ne?’\ﬁB&*F&EH O?ﬁ%e ggﬁ’eﬂl‘itﬁ\etrﬂ%m@g rell feing repdtthe set

state. Thi seltaoithge sdBibeidiffehewavies emsHarnYblset &kl fhefinkfe ﬁ?&’éﬁ on,’
due to the ﬁ“ fferent resist n.cegégirg]%\éi ded by the phase-change faterial  in
the set an@RfRgemalerglaas reéive @aistagice: thendae bitine vettageraptaahad be

different vaslohaWhridnig: Heaund 1bel IOErb RANEHIENL S0t SupRL LG by a

constant current . source. Alternatlver, a constant cur y be
used to pr@wArdén she peletiter dah curbesren invbe Waorefdmt Forsel,, andFigsetn

condi tions | e of .the current pulse for setting
t he mmr?dgg{?%%njda@qggtﬁggﬂ %&Ee%gggn%@}%%%tpgog%dﬁ?% Aﬁ?)aeﬁe aNge MRtRHADr y
cel | havi mythe sefpindalesgttristes,changad eviebof tle @ilcurast gogd heliftbiant
contrast, th magni e of .the reset current pul se.as described above for
the same C&th%&%& t}%g‘g\"ﬁefﬁn@el’ﬁ?ﬁ 8“13?“&’561%5@?8?{%Sye’scqu?t%‘tﬁﬂﬂ@mnperes.
A sui t abl esoers. |ve@natilely, hRenstant enfrehscurty Biajdbe MBIV ©Hde soukd be 5
m cr oAnperes (o 100 mﬁ%{(}% eres. These |eyels my be applicable to a
phase-chanﬁ%a#rﬁ't’"éﬁﬁlllevﬁ setenkreset eRpdiEeNSt ance in the range of 1
kiloOhmto 10 kiloGOhns and a high resistance range of greater than 100

kiloChns. Thusoli me i nperaseimplaedathchaudehs th&@hfreﬁHFﬁE@tf # S:thiRg MRE Nt ai ned
at the read level may be relatively short, such as in t%e ran%e of 5to 30
nanoSecondsNeTTRE FRlbERYREShEmiSe Arapelss te fah mirmrAmperass for a memory cell

having a typical phase-change material such as Ge, Sb, Te,. In contrast, the
magnitude of the reset current pulse as described above for the same cell would
be in the range of 100 microAmperes to 3 milliAmperes. A suitable read level
for the current in a typical memory cell could be 5 microAmperes to 100
microAmperes. These levels may be applicable to a phase-change material that
presents a low resistance in the range of 1 kiloOhm to 10 kiloOhms and a high
resistance range of greater than 100 kiloOhms. The time interval needed for the
cell current to be maintained at the read level may be relatively short, such as in
the range of 5 to 30 nanoSeconds. The precharge pulse may be even shorter in
duration. The read time interval also depends on the time needed to develop a
sufficiently large voltage differential between a reference voltage and the bitline
voltage which will be compared by, for instance, a sense amplifier. An
exemplary circuit implementation of the sense amplifier will be given below in
connection with Fig. 4. These values of course are technology and device
dependent and may also vary with the particular fabrication process.



duration. The read tinme interval also depends on the tine needed to devel op
a suffigi ge voltage differential between a reference voltage and
the bitl f‘?é%‘%ﬁgée which will be conpared by, for inst&lde20/02¥H3e
anplifier. An exenplary circuit inplenentation of the sense anplifier wll
be given belowin connection with Fig. 4. These val ues of course are

]'Eeghnol 0gyl08%H devi cKefetepemivntto Figl. ﬁwhaftlisgh&@;mys Wcir’@u%t@@hé’rﬂ&ﬁz& ?P&g?r
abricati ) 04/01732 CT/ US2002/ 025932 [ 00313 Referring
now to Fi S‘Jhg‘g&ﬁ%? °|f37 u}sf%%oéﬁ% e?‘ésm “Sf‘géﬁ?‘ie %‘E%H%{tt?‘ét i§fcogplecetenbdi ment  of
pul se gendridirieeilantaddiive_Tof £bhbserch @Ry Rl t-a.; hitlines
11.2 1 and 1]12 2 ft.g hase-t.c%@?]j e c:rratt)raée array. Fé‘lr'ﬁaslé_ 12}1%(2%?%1?
ol ement ATTEART R BhET ey TR AR IO RIS SSNEBHATSE SRl Pkt totbicts
transi st o8O MOES RIS ought dupiepllide peai thg fm@&tmﬁprfogpggl%%} gpeg_ro cess

e used. e dest |g

ot her typﬁs of. transir?ztors mil% alternatively b tion
2

bel ow f oc UEEEIBATS TRX ARG Ty Peused. ihrdesariptionbplasd fooisps ogr am and r ead

t he sel ect L2 A Lne 1082, The sa
circuit i ég%eﬁn%%{saﬁbgﬁzﬁgl%é%r%% ﬁﬁg?gdréqgﬁﬁgeﬁ Eél}’tdl ﬁ%ﬁé‘gi%fmﬁ@ gﬁr ay.’
The tini ngir bifiivedsdéd? end comdiioe 108e2. Thansmstarcsitdfnglogeptithe Gepekat i on
and drive ¢j it - ol _sij | .or. the wordlines are not shown
but the derg é%ﬂ%iffBga%%q(?ﬁ@%S%;g ?%%HFHQE@EFE%% Jggl%@ggetgep@pgoi e those of
OL di nary ls&ks'mslistprs_ d)ﬂthggn.ﬂsaggatm]rclatébﬂ add&&ﬁ%@tiﬁ@.ﬂﬁ%\cﬁﬂe%ngmg%%i gp with
t he exe ry tigin i a m o i g. an e follow n | scUussi on.
100351 1T Bkvaretioasats RS HGven bt Pha dadlhe of gReh oFrety Woplt basesatisl nal
that is appidvatld prttheseer sHdime 1481 2, tASSY g;% SH&edééshlﬁaéfﬁl‘ébBé‘é Fﬁee“

on e

selected to be . either progra or read, then_the potentia

wor dl i ne K§BRefion B oEs A fifipgshiagpm oiFige daind thetfolowows t he PNP
transi st orgikAgk@s t he selected cell 114 to conduct a cell current. In this
enbodi nent, the cell current is the same as the bitline current that is
provi ded by one of the transistors 419--422. Transistor 419, via a digital
SET cont r dP0&ignal , ilkcanskrisees Ganthaeadl Hlisswcoptroded imipag: yua signal frultse. | n
t he sane : ' [ e § r L, Ng
curront p EB e o8 e v RBaE el e RS Been SrseqTR], |
t he prechaiger pubgmmmedaraead cithensha goterdindiost the Wit lineddB_Z trionairedf a

digital PREGHARRECRADLR) 1e5LARAt anfladh s NS nSRL: 1SURLEAL )2 L3 5FY tO
114 to conduct a cell current. In this embodiment, the cell current is the same as
the bitline current that is provided by one of the transistors 419-422. Transistor
419, via a digital SET control signal, is used to generate a set programming
current pulse. In the same way, transistor 420 is used to generate a reset
programming current pulse, in response to a digital RESET conirol signal.
Similarly, the precharge pulse is generated using transistor 421 under control of
a digital PRECHARGE control signal. Finally, the cell current is raised to its
read level using the transistor 422 under control of a digital READ control
signal. In the embodiment shown, the set, reset, and read current pulses
provided to the selected cell 114 are of constant magnitude (i.e. rectangular).
Alternatively, the pulses may have non-rectangular shapes provided they still

achieve the desired programming or read result.

[0033) Sensing the resistance of the phase-change material, which is a
goal of the read operation, can be accomplished in the embodiment shown in
Fig. 4 using a sense amplifier that is made of transistors 410-418. The sense
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read Ievel using the transistor 422 under control of a digital READ control
signal . 14 hey mﬁﬂl ment shown, the set, reset, and realg t__pul ses
provi ded to t‘ﬁe selected cell 114 are of constant nagnit %@H%%om 023932
rectangular). Alternatively, the pulses may have non rectangul ar shapes
I1l__achieve the d red programm ng or read result. [0033)

provi ded the
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417. Transitstrorgors4l 2eardi 4148alkoforma acrosse Bdi@dlrp-@dl'a{é@ﬁéd 2dhbwihi | e
n- channel ransi.st QF S 41 rma cross-coupled pair.

Connantey dhegnsiizte ?ﬁ‘?&%EOBBPPs“%‘?sq%?PE?sé’%%b?%&e{aﬁafﬁs@%Cﬁl&tbaf klkba
regener at i \wletd fblve thatdiffetdncb®errbdette Lﬁﬁﬁmig‘&al& k&?erg Ihd BLERC @Pp%é"’e en

two input sig ere the | ine voltage, and the reference vo

qui ckl'y pr &\ﬂdd&‘ﬁg‘egq{eﬁ‘qf?dﬁ’&é%% YotGRy gFordipgan igdication of mphich vsoﬂhEage
wth refer ek c RAa

ground) . ?}ﬁelepgé}glrl]serv pomeﬂ?&fg&g\?\ﬂl%élgﬁgﬁgﬁﬂ ;G(Seg'??géépstgbv@ﬁ under
t he cont r ol (ipthia caligggrandcTioelplyonsemeqmwenhk sslighalg pill wpricaristedr to in

ef fect shuty r t nthe.bitline 1122

i s not bei ng@r eafﬁﬁgé@ﬁ?@h@f@%?@ﬁ; t %E)gﬁ“rl‘\égg %ggf@g?@ag%mt igehul se
gener at i on tand effdrf stertclavenithe yersecnnplifierfivien 4hd soltaye ctestey biieek 118 cead
operation beg gg ’é.‘l%er gl ecting one or nore cells to be read. In one

enbodi ment 01343 S84 cells may be in the same row. In that case, the
voltages on the wordlines that correspond to all deselected rows of nenory
cells are r[adzgd to Vvﬁmmmtioelumhat ofwreHd p mchsa"u:hhﬁ thepabeegne@tidnsarly ought

row .inc e sel eqte cell 114

t o ground. e sel
i RO et Sty 080 fe-ads TOW otiHRad®R teRd aReraten Pepeihy
sel ected colmsgiondsy head c@lsetoﬁffﬁt@ﬁd[ G Gne@nibotiirledgahY selected cells

may be in the same row. In that case, the voltages on the wordlines that
correspond to all deselected rows of memory cells are raised to V, while the
wordline for the selected row is brought to ground. In Fig. 4, the selected row
includes the selected cell 114 which is connected to the wordline 108_2. The
bitlines 112 for the selected columns to be read are precharged to a voltage V...
In the embodiment of Fig. 4, this is accomplished by turning on transistor 421.
During the precharge pulse, that is while the transistor 421 is turned on,
isolation transistors 415 and 416 of the sense amplifier may be turned on. Note
that the sense amplifier itself is not yet activated at this time (i.e. transistor 418
remains in cutoff). Next, transistor 421 is turned off, thereby ending the
precharge pulse, and then transistor 422 is tumned on to provide read current
into the bitline 112_2. After a time delay that is sufficient to develop a minimum
differential between the external reference voltage and the bitline voltage
provided to the sense amplifier (where this minimum differential depends on
the sensitivity of the sense amplifier), the isolation transistors 415 and 416 are
rurned off and the sense amplifier is activated (that is by turning on transistor
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In the enbodinent of Fig. 4, this is acconplished by turning on transistor
421. DurWzot(u/ﬁ 7?%echarge puI se, that is while the transistor 421 is
turned on) O S8 HPfon transistors 415 and 416 of the senRGI/HS9PIYIZRR may be
turned on. Note that the sense anplifier itself is not yet activated at
this tine ransistor 418 remains in cutoff). Next, transistor 421 is

turned off (j‘lg)nef\éﬁils‘éﬁmﬁﬂj Al if 1‘iﬁtemﬁw de q&nbesempalrﬁ@rti@fg“ta[ {iﬂ%bsj or 422 is
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the sense a {S Otts 13 arph !LI soi‘gét TR AT Pgt %te(j’ 3 ]elﬁd')li%batbeougmlr ned of f
and t he sehsek éﬁpm t4 grounst, antpw@redoﬁtfcbtaﬂhelr&xbyeat&é %,&g@g gtor 11
WO 2004/ 017328 PCT/ US2002/ 025932 418). After suff|C|e i%n by

t he sense fier, al.ue that re resents one of two
states (e. gm% l:t and regg‘%}; ?%“%HB“E@#‘%EE%&%@ PP§ratipneayith prroriede chdue

t ur ni ng onr¢hk agabee tapEdsieat @pedl

transi storg}%@ and 41% have?gen Otnu ds%}!’t?%m%lﬁﬁéé ﬁer}élégéfﬁazwéﬁrfobe

br ought g O3nR T Be ghatasd Pﬁ“{?ﬁ@‘é@ﬁ%ﬁﬂdﬁveﬁﬂtemrgmﬁﬁ wietatheor

progr ammi ngelahob 5196 ration with
a current node ese?c}l a@%;gﬂgit ?clggdgp %‘?% %%%“’f‘)‘sa%o&?@ g{)ag thisdeeder e
i's no needCrEeRAPRORg e guise pall amlpmbbétycmm@mhﬁmm tﬁz@sm{d@t@&!ﬂt | evel
(here, grown I rea urrent vi ded by the

t ransi story‘ﬁg% B%tél?:gwﬁ Cﬁ&% r@iﬁléli\é@r%asdﬁ% Q3 (? é P a5e &f thgal | and
probabl y sfEbkcbiral phaﬁ&-ﬁmngerrestmiadlmtherﬁtﬁcted cell 1Dt (Néﬁéﬂ@hél@@ HLOReH read
results an N th se of the structural phase-change
material i gu{r%n?ﬁ%yg%e g@’“gtﬁ‘tgbﬁﬁ ODW@QFeWW@F%stE‘e?‘?WOPé%f& eé%l?‘?tedtceﬂr&y be
adj ust ed bhemg read. fis klistwaneedjtdtableanaidiffofeali %;, bei ng
read. This ows_ an. adj us ablg rraF i.n for reading t s tha

exhi bi t vaPTEHPFOYRLIGHP ey dehg@vavi or . [00361 Although the above
described read procedure is based on the circuit schematic of Fi g. 4 which

shows the gmi3eft ed cehhttnb&fghhﬁwaﬂgv@ﬂeéé—ﬂieaﬂega rS@é/dtﬁ%éBQ% upl ed
bet ween the phase-change naterial and vver r turn node IS case
gr ound) , aC%’F‘Fﬁf selrepriE 8 big %@Obiesh@b‘tﬁ legtesl qﬂ]als'lé-haofmagngn iscdamoy arr ay

in which tBevicaehat isRBupl1BeRin the pthﬁge-@ﬁﬁ?éey m3fdrhal'aid 2 power return
node (in this case ground), a similar procedure may be applied to a phase-
change memory array in which the isolation transistor in the memory cell is
connected to a power supply node, rather than a power retum node. In such an
embodiment, the cell current through the volume of phase-change material
would be sourced from a power supply node and sunk by a number of pulse
generation transistors into a power return node (such as ground). This
embodiment may be viewed as the complimentary version of the one in Fig. 4.
In addition, although the cell voltage in the embodiments shown in Figs. 1 and 4
is single-ended with respect to a power return node voltage (here, zero volts),
an alternative embodiment may include circuitry that allows the cell voltage to
be measured between the corresponding bitline-wordline pair of the cell. In
such an alternative embodiment, the cell voltage would be considered a
differential voltage measured between the corresponding bitline-wordline pair
of the selected cell.
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connected to a power supply node, rather than a power return node. In such
an enbodi cell current through the volune of phase-change

mat eri al \%Q‘f'(ﬂmttl)%%%ourced froma power supply node and g@ﬂkswzfﬁgﬁ%er of
pul se generatl on transistors into a power return node (such as ground).

Thi s enbog t may t{&rw ewed as the conplinmentary version of the one in
Fig. 4 | tion, NMERRRIGR theemeediment ohljg. & vhike seowedisersd s shown in

Figs. ]. a r return nqde voltage
oS 1, 2ainesna b tent o incEasienic (9, PANEr el uin, nade vel

al | ows t he thaf necemeﬁ agextenabeitneasureldadre thweerl tsha&pé@:éﬂ@@ peehRehole

bitline-wongdl i naI native e odlrﬁent t he
cell volta bgé mlgg“%@eg Egg)ﬁ%lﬁggggéﬁaﬂbgﬁ Ifr!f%le#rig ff)B'F DY IoRe 844} 80f%Bet ween

the corr esmang@bb|atippm@g WOE dirimnerepaiarmegfia e hatsﬁb@&ta@d tB€két ankZr MO

2004/ 017328 t et hat th nbodi t of Fi 4
whi ch shomtapgégggfqui&b%?éﬁéragﬁg I]ﬁ@u i Efaﬂl HiR Lﬁefe?:ﬁrg@e [I%é{%g%nﬁ\ég@ heI J

bitline volrteagedaodiesememraidei;ﬂamfamﬁ&bxﬁeéﬁl ves an external reference
voltage, the cell is expected to store a single bit. However, for cells

t hat can st mul tip bits of f or_mat,i such _as for |nstance by

al | owi ng or{@éﬁrj nor e :Te tt%ﬁéﬁétév %&%Mﬁnﬂ% §é¢d@§tﬁm@§én st at es

(see Fig. 2nbddiemratBbteid e y be
tb@d%yb &tg:riﬁ gb%sgg%ﬁg%r ni ng no

needed to determ ne the state of rrutlblt ce
Fig. 5, whalpemstiondwgnswihiprogramnagnamsetectas cedhipdlie meethonf indo met hod for

O o Je Rl LAy RRAE, € DADSIIELBAY o CBllurrefPRY A 8 BEOT NS WD

progranmm ng a se ecté by
rai sing a gqebgrammiagehwstiold keekls ( opena@nn Fody. ’f'lru@vcleehge irod cyrreRl aehay

v eshl d el Congra ancsneh oo, o o and ey are Uhen over
may be asI de\seisuﬂn&hjdbabmdesanbedmhwehn@nnmdﬂbd:wghm Iilg-tatsh@wg hexenpl ary
nmenory cell |-V characteris at i.on roceeds with the

appl i cat i or‘?XS’nt%{ ﬁf@@ﬁé‘?@e‘tebt}cgéh%ﬁgr%%n O“ﬁ%ie? RIaressisgita dae o
bitline velagetioh ofqu:)r’é@}hﬁ%b?ﬂlls‘@ﬂobefuﬁordm rmis p@béealbésea Siglihe VOl t age

and cell current to &ea ng threshold | evels. -, us, the
prechar ge piiegeiof the s at@ﬂv:éllgmtgwswomlﬁ%ﬂte Goll endtagr and rmi}cuérenté%d as
serving to *ﬁb&r&%ﬁﬁﬁnﬁﬁgﬁ%e%ﬂoﬂ fel bRe Thus, the precharge pulse is a relatively

short current pulse that may be viewed as serving to charge the selected bitline
up towards a level that is expected to be seen when a read current is

subsequently passed through the bitline.

[0039] Following the application of the precharge pulse, the cell current
may be immediately raised to the read level, where the read level is below the
programming threshold level so as not to change the state of the selected cell
(operation 512). Next, the bitline voltage may be compared to a reference
voltage, while the cell current is at the read level, to determine the state of the
selected cell (operation 516). The use of the precharge pulse prior to raising the
cell current to read levels may also be applicable to the multibit cell

embodiment.

[0040] Turning now to Fig. 6, what is shown is a block diagram of a
portable electronic application 604 that embodies a phase-change memory
storage subsystem 608 having the capability of performing a read operation as
has been described above. The storage system 608 may be operated according
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up towards a level that is expected to be seen when a read current is

subsequenty.y 2fanseds t hrough the bitline. (0039] Follow n BJ | i cation
of the precharge pulse, the cell current may be inmredi a?gir SE, %@83%0 t he

read | evel, where the read level is belowthe programmng threshold |evel

SO0 as not tg;gﬁ\@ £ qt I cte (operation 512). Next,
the bitline vol tgsgdn%?nﬁgﬁggen%a%%%%%% ets‘érf‘g?cgﬁ%%ve vidra 3ge&1gam1qteen bhe ceI I

current is &tanneludeaend @Meﬂo,remiegmted mr&e:tt:ll"@ SiHALE. sel ected cel |

v ¢ t | Bingerrey |1
GabiE DN R e e s

embodi nent . alP@OﬂJ@]ngarhﬁng'mMCtdlé%ngav@es §1taté ;ﬁgp Ls_a bl ock diagram

of a porta rgnl c a i,cati on 604 t 5”&?1‘38@’ ﬁ‘éﬁﬁe
menory stogage?ésg §?%H ggglﬂﬁ?/? %Sn@f‘é’épébhﬁﬁdymmlcpeh‘ﬁomf&gs@ read

oper at éﬁ”aigggfﬁg?%e?%%%%@%"%ﬂcﬁj BESSERAIE ST AR S0 o2

the read pr % Pt RspRRy of amihé Osplt@cai}erwat:ﬁmtﬁ@&trdmﬁ‘ i ncl ude one
or nore integrated circuit dies, 'Were each die has a nenory array that

i's programgdogn)d r eadlRCHASIEHARG AL nents described above in
Figs. 1-5. These IC dies ﬁ ae%geéﬁg%gfﬁ%ﬁg?(? BB AL IEARIE potrbepkes  t hat

are arrangedOMPHEH @ @gltgh@tpﬂ a@dégnvekeblctan-aﬂra;day péitbfall ARUAMAGILTS o JENMOTY

(DRAM nodul rat ed h other on-chip
functional i tnﬁé%ﬂés)(&gﬂﬂ ?l?l% 4 pélg ei%aﬁ th%er@P@ﬂlé@@mSh aller.

[ 00411 The agpptdscat 6b‘.ha16®4hmr temressg@@@@

conput er, nggla}lgl asctl andﬁoiﬁvfy@eo camner a, aip?&%%gﬁgfer@ réfetﬁgﬁore

assistant, Or 8 RO O RERHPADY e RACFRSser ]ﬂ%‘f%l?ﬁm@&mnvelylmstaﬂéd oh

these appl i ¢aé bcmsi "Ehe pbﬁﬁl@l&&@piﬁ&ﬁoﬁ%@é%@&xﬁﬁﬁ Q@Mﬁ%ﬁi@ﬁ S, useﬁdﬂda_\l
ave

program mem)r\é st code and data for execution
been oper at Y 8IRF'? &P{Tg?{}lfshorﬂi!é%@@{?@]fcompum mm Ié@phterﬁcb(ém4604

comuni cat eThid 140 aidaefacalgyd ter,.or a network
of conputers, vja,an 170 i nt ﬁ%?apﬂg a&%ﬁtc’% ? uﬁqr& féllllt-lsnﬁxhl&how de
access to aSE%Q%%ﬁlﬁémwahob@@nsmlmlgﬂn linepewesh ah@inhaliof QABAEgat i on

transm ssi ofankRRssiOhs. &0 d transms i.ons.
Conmmuni cat i ons bet weeh The p‘%glgggélggf an SrBresger and thagtorage system

608 and between the processor and the [/0 interface 614 may be accomnplished
using conventional computer bus architectures.

[0042] The above-described components of the portable application 604
are powered by a battery 618 via a power supply bus 616. Since the application
604 is normally battery powered, its functional components including the
storage system 608 should be designed to provide the desired performance at
low power consumption levels. In addition, due to the restricted size of
portable applications, the components shown in Fig, 6 should provide a
relatively high density of functionality. Of course, there are non-portable
applications for the storage system 608 that are not shown. These include, for
instance, large network servers or other computing devices which may benefit
from a non-volatile memory device such as the phase-change memory.

[0043] To summarize, various embodiments of a method and apparatus
for reading a structural phase-change memory 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
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608 and between the processor and the I/Ointerface 614 may be acconpli shed
usi ng con i onput er bus architectures. [00421 The above-descri bed
conponentgﬁg%hgﬁgkggrtabIe application 604 are powered By HSH84%8P7 618
via a power supply bus 616 Since the application 604 is normally battery
powered, its function onponents including the storage system 608 shoul d
be desi gned 3PPt B¢ Cac 1%‘5 8Bféfffadrt?ﬁalﬁ\@d3éheret®wmmme mmgrrptl on
levels. I n g me%}oaa@ﬁsF;s@thh@ SE6sd b b ¢l i 9£s setIBRhAR bl.g ﬁ “ ons,
the components shown in ) provi ey ﬁﬁg ity of
functi onal i €gimex Th%aﬁa%féhcqg?@@% éavﬁ@wgsme,taecbbxeimgmto batdenged of af he
storage Sysﬂllﬁmrﬁgseﬁ'ﬁ‘ﬁ{fer@ﬁﬁl 99&‘;5t§%“@sen—ggese i nclude, for inst ance, |arge
network servers or other conputing devicés which may benefit froma
non-vol atile nmenory device such as the phase-change nenory. [00431 To
summari ze, various enbodi nents of a nethod and apparatus for reading a
structural phase-change nenory have been described. In the foregoing
specification, the invention has been described with reference to specific
exenpl ary enbodi nents thereof. It will, however, be evident that 14 WO
20041017328 PCT/ US2002/ 025932 various nodifications and changes nmay be nade
thereto without departing fromthe broader spirit and scope of the
invention as set Forth in the appended clains. The specification and

drawi ngs are, accordingly, to be regarded in an illustrative rather than a
restrictive sense. 15 WD 2004/017328 PCT/ US2002/ 025932 CLAI M5 What is
claimed is: 1. A nethod for operating a structural phase-change nenory
cell, conprising: progranmng a selected cell in a structural phase-change
menory into a selected state by raising a cell voltage and a cell current
for the selected cell to progranm ng threshold |evels, and then | owering
the voltage and current to quiescent |evels below their programm ng
threshold | evel s; and then
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appl ying a precharge pul se which raises a bitline voltage of the sel ected
cell and& &3 42012 raise the cell voltage and cell current to their

pr ogr anmi g HPE&ol d 1 evel s; and then raising the cel IPCHNR2ER02852a read
| evel bel ow the progranmi ng threshold |evel and conparing the bitline
voltage, while the current is at the read level, to a reference voltage.

2. The nethod of claim1 wherein the m&nt | evel is essentially at

zero volts. 3. The nethod of claim1 conprising: while applying the
precharge pul se, isolating an input of a sense anplifier fromthe bitline
vol tage for a pré&dbitesmiieddisme i nterval and then subjecting the input to
the bitline voltage, wherein the conparison of the bitline voltage to the

ref erence voltage is pe by the sense a ifier whose output bit
val ue represent sqé r e%uﬁeqéggg%reg%%ﬁgﬁgia EWC“Q;.%H PRESSeldnge BEmericail 1

wher ei n t hecemprisimg:t age is single-ended wth respect to a power return
node voltage. 5. An inteqgrated circuit conprising. a plurality of bitlines
and a plurality BFOWW&%Q;SEQCW | 'NAStBic Tl physe chdrsgeememant; imki £h has

Bi {11 ne-vor g ne pal e ar ReE T D or ash P Tl be AR Sl Gt al 1
itline-wordline pair @ e ality
of bitlinesPRgFamaing Uitashalyl leveloordl iheesoweringahe voithgs BRE icafrehoko t hat

il e goner B e v e o R R eveifiind SR of bit1 1 nes
ot e by T ol ng el Vol R e e ol s et o0
or ogr ami ng TP RSREERPE R Torl YolARS Bbrelk e e alye avegemming to
qui escent | dueslsoloidbostst dred thger ogr ammi ng threshold | evel s, and then apply a
precharge pulse ta raise a,bitline VO|$€%}€ of the selected cell and not

raise the cell VP& eéﬁH cgetent foy 8 Teat 19vs! belei thermsgesamiming threshbid d
| evel s, andiBband cahgral thellin WILER! Wifledns eaflheiel: atgg 08 o

pr ogr anm ng thfreshol dle and conpare the bitline vo
sai d current refgrepceidtagead | evel '

2. The method of claim 1 wherein the quiescent level is essentially at
zero voits.

3. The method of claim 1 further comprising:

while applying the precharge pulse, isolating an input of a sense
amplifier from the bitline voltage for a predetermined time interval and then
subjecting the input to the bitline voltage, wherein the comparison of the bitline
voltage to the reference voltage is performed by the sense amplifier whose
output bit value represents a result of the comparison.

4. The method of claim 1 wherein the cell voltage is single-ended
with respect to a power return node voltage.

5.  Anintegrated circuit comprising:

a plurality of bitlines and a plurality of wordlines; ‘

a plurality of memory cells each of which has a volume of structural
phasé-change material coupled between a separate bitline-wordline pair of the
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to a reference voltage. 6. The integrated circuit of claim5 wherein the
qui escent | . J essentially at zero volts. 7. The integrated circuit of
claim5s fh“lrcf%og?mic@%?pri sing: a sense anplifier having an FnBUF2008Y8d to a
bitline of the selected cell. S. The integrated circuit of claim5 wherein
the cell voltage is.single- epnded with respect to a power return node

vol tage. 9.PUARR &H&Zb&@%s éﬁﬁﬁg? slwgiitaopviardbhes © otaiofiendrvi ee 1havi ng a

printed cirgyi tth@?éfr%% sﬁ@c@é’c’i @hegrrg%@ég}&?g&g%s%f& orage subsystem have

been operatively fnstalled, and a b the printed circuit
board, wherein tteing weayeudithgsrsranon Bnd|driescistiirptcegprigad tké rcui t having

a pluralit Lt bk 1ty.of wmwordlines, a plurality of

menory cel I%js;lEﬁeae%}g{ktoltgFj ﬁ%e%%ﬂﬁ%@??%%:ubhéf gprd T tUPEPETahastedrd gk

rr?t g_ri ?! c uisl @delbéed/@ea’relé;_ymp@@aeeldi:vbﬂﬁageamﬂrchiclﬁ@r_epl?bF tk%fs_eie'EFefd p); L ality

of bitline ral i r es to store information Tor that

cell, the E%%?%%ﬁ%%%@éﬁé%‘%ﬁ%%F lopegr thevpltagmand cwitagt togi c,

pul se genepatdcent Rndistidly® kirCHIdTER t%@'e%lla ff@ve?, Hﬁfx‘:tf\éﬁ’ %%E L
ce

and the plur Iit\e/ of wordlines, to programa selecte in le"l’asel ect ed
state by réarg@??g‘g 138 o e itling olbegs okiherselactast cdlmndspblecisedheel | to

progranmm n I : : | tage. and current to
qui escent ?Sggogﬁggﬁgﬁ dteﬁ\eﬁi@rr ?eng?@ﬁ%ﬁ%o ;ﬁﬁﬁg%gg}réﬂ}oégg?%eﬁl&gﬁg t{"ﬁ%n appl y

a H echar ?é’ab’@lS@@i @E&lt FreRt te area mwmx?e@r@@iﬁfxusafgt)aﬁ@aﬁﬂ%sze\kﬁllt line
voltage O e : .al e C VOl 1l age, and ce
curregt to %%ﬁf’%%ég‘rgé’%@qﬁﬁgﬁ%?ﬁﬁg?ﬁé%‘geﬁg’ 1:11%§a1 FHTERE tafe seaghiegelel |

current to taarreadenteveltagel ow t he progranmmi ng threshol d | evel and conpare
the bitline voltage obtained while said current is at the read |level to a

reference voltage. 10 T ay atus, of .cl ai.m 9 wher.ein the quiescent |evel
is essentially %gt zeto 1\5}% ﬁ‘g&d’l&l?c%hgg %}Bﬁ%ﬁa‘?’g?e&&&%lﬁ%@ ebisn t he
I nt egr at ed essaratisdlly dtuerdepltsconpri ses: a sense anplifier having an input
coupled to a bitline of the selected cell. 12. The apparatus of claim?9

wherein the cel |7.VO| tﬁ%ein'tésgrsaien él?aﬁp gfe cdlaim 5 further comprising;

a sense amplifier having an input coupled to a bitline of the selected cell,

8. The integrated circuit of claim 3 wherein the ce

ended with respect to a power retum node voltage.

9. An apparatus comprising: _

a portable electronic device having a printed circuit board on which a
processor and a storage subsystem have been operatively installed, and a
battery to power the printed circuit board, wherein the storage subsystem
includes an integrated circuit having a plurality of bitlines and a plurality of
wordlines, a plurality of memory cells each of which has a volume of structural
phase-change material coupled between a separate bitline-wordline pair of the
plurality of bitlines and the plurality of wordlines to store information for that
cell, the pair to be selected when reading that cell, and timing logic, pulse
generation and drive circuitry coupled to the plurality of bitlines and the
plurality of wordlines, to program a selected cell into a selected state by raising
a cell vbltage and cell current of the selected cell to programming threshold
levels, and then lower the voltage and current to quiescent levels below their
programming threshold levels, and then apply a precharge pulse to raise a
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with respect to a power return node voltage. 13. An integrated circuit

conpri si ngiqg ﬂiﬁ?fﬁ‘ﬁs Pr st oring information in a programﬁpéﬁ{]%%erq by a
K R

structural phase change material; neans for accessing t Etans:
nmeans for precharging the access neans w thout changing the information
stored by th

.St orage ns so, that, the access neans is charged froma
qui escent v%ﬁ%éoﬁg%%&?‘t? 5§?EIC(§RFQ e%@l\g\ﬂphf%%@\eaﬁiﬁMtaghtaeslmallctmmns f or
causi ng a reathefUsfoRimiminkharahelaee 38 thah e, for tin t he
pr echar ge maanggrez}pinc?lj%ltﬂhré1 retagd I(-:u,rrent g%%ﬁ%éh&prrgﬁé%%gg CFﬁéPrrteﬁLpog%%%ds

means is ch&rEeRe PR RICFMBHNG AN Fsshpltkleraband cumperd tHediitihecasland. 14.

The i nt egr asiediria #biilk safd ehabm 13t WaeF&N et BSEENL Level is
essentially at zero volts. 15. Tlhe i nt egra’?e(%qg%wggﬁsrfn‘befv t&h 13 further

conprising: neans, for_gconparing a_ signal |evel caused by the read current
on said access freans !t'6 2RPREYEY ehelaiméwhereis tharheicsrere devasi éesbrigali¢  of
claim 15 whargi-f«bhg signal level is a single-ended voltage with respect
to a power supply return node voltage. 18

11. The apparatus of claim 9 wherein the integrated circuit further
comprises:

a sense amplifier having an input coupled to a bitline of the selected cell.

12. The apparatus of claim 9 wherein the cell voitage is single-ended
with respect to a power return node voltage.

13.  Anintegrated circuit comprising:

means for storing information in a programmable manner by a
structural phase change material;

means for accessing the storage means;

means for precharging the access means without changing the
information stored by the storage means so that the access means is charged
from a quiescent voltage level to a level below a programming threshold;

means for causing a read current in the storage meaﬁs; and

means for timing the precharge means and the read current causing
means so that the access means is charged immediately prior to the read
current being caused.

14.  The integrated circuit of claim 13 wherein the quiescent level is
essentially at zero volts.

15.  The integrated circuit of claim 13 further comprising:
means for comparing a signal level caused by the read current on said
access means to a reference level.

16.  The integrated circuit of claim 15 wherein the signal level is a
single-ended voltage with respect to a power supply return node voltage.
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