WD 2004/ 017328 PCT/ US2002/ 025932 METHOD FOR READI NG A STRUCTURAL

PHASE- CHANGE MEMORY Background [0001] This invention is related to read
oper at i onwotzoat/01a328 applied to read a phase-change mat ecralS2enloe#3st at e
menory device. [0002] Solid state nenory devices that use a structural
phase-change material as the data storage nmechanism (referred to here

sinply as phas§H m' ' I gnifd t ages_in_ both
cost and pe??‘orna?ggp%er coﬁsg;n%‘i%ﬁ%ﬁt(mggé‘ %ﬁ%gg%‘g&&)gm@@g The
phase-change nmenory is nmade of an array of constituent cells where each

cel |l has soBaclgrpundural phase-change material to store the cell's data.
This material may be, for instance, a chalcogenide alloy that exhibits a

reversibl e ghpyctural a hous. to . crystalljne. A snall
vol ume of t@ebgﬁal cogﬁ%ﬁ%@gﬁ{?@g%ﬁgel;t:éﬁ%é%{ §Hefia 8551"%4’36}’?11?%5‘? al | ows
the cell toreadta pbawe-dhagigesmaterial nolid prate rresmmdyl deviesi stor. This
programmabl e resi stor can exhibit greater than 40 tinmes dynam c range of

resistivity, en a iLvely crystalline phase (low resistivity) and a
relatively [grerg?]gﬁous %é@asg{a(t%lgﬁm?@é?@?ﬁﬁ thes Bserﬁétfaél‘f"éag?%%sét?haﬂﬁet he cell
i s read by metevialiasghe detcetbrige meehaiiamdeefered t@h@k@@ﬁ@ﬂz‘%@ BhhQy cell “is
al so non-vol.atile. [0003] 'E e phase-change nempry cell can be progranmed,
o0 Wity etings Tngipriesa Y SEIBNoAIGHariAEse P dbcostiad peatsminse
appropri at eof@:gjaﬂrivuﬁlﬁonma@gé §*Idr9$b BaMédiiainotRYS The a%-%ﬂ%’%%’&'e S
across and current  through he .vol une_of phase-chande materi I'n e

cel | . A sell&dnade gkan armpypiconstituensrellswhsee eachrgl hassome stayctbel

pr ogr ammed ; j118d aTHE t a cell
current f or?%%?e?g%?gééglé?F@%t‘gr%%%%épr%ﬂ&%ga' thres a(t)%/éggl xﬁ%gg?’sr}gf hat are
char act er i siristanse, 2 phalghgenide alinydhateaxdibiss a reversiblecstructuff phavetliage and

current ar | : | vels. (e. Q. sentially
zero vol tagfé{)%%mca# r@?ﬁ ﬁ&'ﬁgéﬁﬁgé&%ﬁ%‘?@% 0{)&8&%&%ﬁ’8‘deta§$¥s‘ﬁol d
| evel s. Thiistegratesntomcitoaipiat slowd thy célbo agtpkiadast switdfingf or  exanpl e,
a reset pul se an t | se-which can pr.qgramthe cell.. into t
di f f er ent |%’é%gc¥a%\’§?@§.re¥§t°6b o?mﬁﬁ%%’é’?ﬁ? ZeRiStor fan E’éﬁ“Plt\ESF%f&\é\ﬁ‘%méo cel |
current  argmesdyedmio rangeofitesistindtly ltwhenh raltively aystalliieshaded1aw! t age
and current | evel ? naede to1 ro rapsthe ceIJ . Next, . to reI%d t he
pr ogr ammed ESISFViEY) ppd ¢ relatively amorphous phase (high resistivity). The data stored

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

is also non-volatile.

[0003] The phase-change memory 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 cell 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



1 WD 2004/017328 PCT/ US2002/ 025932 pul se may be applied to neasure the
relative resistance of the cell material, wthout changing its phase.
Thus, thewpeadt/q@aszse typically provides a nmuch small er peagrszeoadessst cel |
current and cell voltage than either the reset pulse or the set pul se.
BRI EF DESCRI PTI ON OF THE DRAW NGS [0004] The invention is illustrated by
way of exampwsamdynzg appliedyo ofeashirariteateintve Rsikhech bW ES1Phatd18,
acconpanyin ' A i [ references, indicate simlar elenents.
I't shoul d bgvﬁ%@d&?%#gggg?zg#c'etﬁ‘tl%%t"%ﬁsadcﬁ%écﬁ’ﬁtqﬁﬂwHTOVh:les adnschosur e
are not necessdlerinyagritudeosatibnabadingen] vahde thagy; east one.
[0005] Fig.1 gg&vi@ 1. bl ock diagram of part of ng:ién i nt )eébtgg?gicfa%ls%t&ﬂﬁfe that

features a phasSe- c‘f‘ng?l‘ge menory array that is coupled to be controlled
according to an enbodi nent of the invention. [0006] Fig. 2 shows the

current vol tage charact BREF DESTARATIONDF IE DRAFNE]Nge menory cel | .
[0007] Fig. 3 depicts an exenplary tuning diagramifor ous signals
associ at ed a cel lbein r ogr. d d read according to an

enbodi nent W@he i nv%%%ﬁ&‘?%%ﬁ%@?e%x Waystfrexeawple andmotby veahefmat i ¢
of an enbodﬂimﬁtﬁtim‘firptHeSfeguxggbe&@ééQBﬁgﬂ% ' IHSUR Lok et L8 .coupl ed
to the bitl 'anﬁrs: of .a.pha e-chanﬁe me ry@$§%&%%¥%é.@§ ra%ﬁ?r(‘ﬁ% a
f1ow di agr aOF&iRREglemsntsoft shomld ke aotest thag pefesaricay ta"at'r uct ur al

phase- changemboiient & Hhif@eRIcupg atdn | fndhe.invention.
[0010] Fig. 6 shows a_ bl ock di agra?n of&;h%g%?g ?gmerllee%ﬂ%ﬁwo HFRk 2pAat
enbodi es a s’é’»eéﬂéﬁéﬁ.ﬂsff@%ry | C having the capability of performng a

read operation according to an enbodi nrent of the invention. 2 WO

2004/ 0173281dgp6] US200 249 N [.0011], The inventor has
di scover ed %hatji n rel a?i vei y ﬁgrgg"?h‘;“ﬁgée- c(ﬁ\ghage; of ar mgegrlted 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.

{0007] Fig. 3 depicts an exemplary timing 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.



menory arrays, the read operation as descri bed above may be made faster by
appl ying a precharge pulse which raises a bitline voltage of the selected
cell w twowwow@rzxsng the cell voltage and the cell curPemtus2a2tobei2
programming threshold levels, prior to raising the cell current to its
read level. The bitline wvoltage that is used to obtain a neasure of the

cell voltage (and hence the rea)BTAEEPEPES NG 1Nthe material in the
cell) becones avail abl e sooner mhe prechar ge pul se.

Thi s appear be bec use th ne, which, dependi ng upon how | arge
the nmenory @Dﬁib E’)Z’I’?f‘g(?rtq‘acs é?ﬁ"teé%éh%thatfe ativelyintge ﬂD}aHS@GtHaﬂge

rel ation t0ntelmeorlyeﬁ€l theriad begrAs Clas I ve 0
duration pre Ek/ialgrtc[;% e to a i%?i [ e%tl hi g voI tagt%feer{}%ﬁiéliaﬁg?f b1 1 ows
the bitlintPReHage” a§6%§é%ﬁ§e‘ﬁ } f&éﬁ?éla tlwerfvé%lagne@fcbhe séiecteelcbnvol t age
very qui ckwyth@amltsmgtﬂm c{eﬁlvama\galaﬁd&ﬁelcleurcﬁﬁ%n%(hee“{ W%% A Turther
advant age o&]rgs%}gga t he, prechar ge “pul se pears I n cer 'di8nent s

where the c ]@Hﬁlsr BrieB A Fasingdhe salb serreahtd its osfadtlheel prechaige pul se.
This all Omvél?%éﬁ%@l%daﬁo'ﬂa 0, R sy ‘ffstg‘]élé!% Vgltﬁgeexvaﬁg he varl ations in

the structure and el ectrical behavior o Rythepy
sel ecti ng tiedatpreresistangegiftheimaterial in tlhtetchlé) bemines Hvagabld R6Rkr id Qkk3]

Ref erri ng S i agram of part of an
i nt egr at edn‘%ﬂs I&‘Sllsgl‘ F(GPBP E%g?r&eééﬁla? ei\ﬁlé a@?&é’és @ﬁ%@% HesrEigbitlineayvhion t hat
i's coupled depdm:lmgmproul e Idmgetthmmﬂgnbggm-a wlcgﬁem@d a@ﬂaﬁdﬂhg( ve
circuitry 13 cuit capable o¥ performn ranm ng ®and

read operatf %largﬁ 1 ﬁ%laQP? 5‘?/?11%’2? SBFAIt s beenyrhayged gﬁ@ dlynsirs
descri bed. @egiti Pechiigeiulyé tdha %ﬂﬁlc@éﬂtﬁymjg@i“volﬁagé%@eqrmgﬁf e el 1Y

oriented con uctive Ilnes 112 1 nMes ca Ilnes
and a nunbelP eH%W%Wt%h%%?ntéhtiénélowrma@aure@fkheneeil v0i8age Ui 2

sonet i nes d@?;ldeltﬂgg 1 Pin;zbsEx‘n Wirdd ¢, seni conductor |C di eina
Cross- poi nt EIrirlx rrangeemgnt Eovx%wd%%ﬁn crossing of a

bitline-wordline pair is associated with a separate nenory cell 114. To
achi eve Iovw uf act urd fgrthesadvaniageptjusing|thepsechavge yulsemprpyarsahl 114 in

the array tHEA 017328
beT soobzl SEEs %‘15\;4‘&]:; et e Qliferh M FoRbitdd HfepeRalti g BP " >
phase-c hangerEChmgsrp\dBe 1 1staﬂalaxwa tshecraaqi lopdratimniece sucsegsfnbineview of
bit1ine-worgl { N R3hthe fstrhpﬁlre and electrical behavior of the cells in the array, by

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

[0013] Referring now to Fig. 1, what is shown _; 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.



bitlines 112 and wordlines 108. The vol une of phase-change material 118
serves to store information for that cell according to its programred
resistiviwg.2oicoers to each cell 114 in the enbodi nent Pofl/US2eP2/02598% Vi a
its corresponding bitline- wordline pair and is nade possi bl e through
additional circuitry in each cell, nanely an isolation device such as a

parasitic PNB14] pol ar Ez@n&ea{m 42414 Thea v\wuﬂbld?%trh% %P?faés%' ected cell,

in this case wor H ?s connected.to the FERSEst or
124 whil e t RESHid 111 éhit11§§°F8 ed; igiweena separaty éfélﬁﬁécoaﬂMemaxanbmwr si de

of the vol upRlifds PITasRt W@Bﬁﬁem&‘rm vdtkthe &ﬂpﬁ%e Cé‘%gg{? gf} r%flalt lnlétsg(raw é/sm une

of phase- cha e nateri al IS in serles w t m
t ransi st or Ofwli‘if‘l"én%%%n qhééf%ﬂf agPrding tprlmoglramrrWrassmapn@cdc@% to a

power ret Utrorba'&ﬁfi‘élltlflfitmWe%o@i@rﬁ@ﬁf‘of legall lis U‘%rfpsrdé/od-fefs\?gng %hﬁ?ar ray 104

as well as thetlmngloglc pul se generation an ‘3/130 of
the IC Thewof‘i“élh%Péltf@Fl 115 Anedpessiklg th SOL@i‘owldlhnnE] grcuiggtia eagh aeigol i d

State sui {cllaoeln IBBadeaLTAL 0% & NBLAlaneoREINGL eceLied &, LLs base,
phase- chang‘donﬁm fcalthezselec'sadcdell astl'uscm xaoﬁﬂlﬁ-cermezsx‘éﬂcbﬁﬁéagdftd) gigl effect
transi st or re 0S Si o be provided for
heat i ng and?%ﬁ Oéﬁirlég S§%biﬁn‘§éﬂﬁ$%%§’%@“? 911%-3 fPégh }LH%‘ﬁéOVWGﬁ@ t@f
phase- changammeesxaalofm@vo[maaf Rhse-eedr eqnazreemu@ym%éﬂ@&\beaﬂn

current thr gvh t he vol une hase chfn e material 118, and, 1nt

enbodi nent , olyme qfﬁg‘ﬁﬁ'tclhﬁ-ﬂ ”Z‘?t}?rrléh 18715 e Serégs withrthe amittemof ﬂhues
enbodi ment , tragsisie¥ab4 Whilbehefbildcesr @ﬂ&hé%&fwr 18s tchgﬂfétéﬁ 9 é%A' The

cell voltage on the other hand, nmay be nore | oose
vol tage rel &t that taay be commento ph srerdery cells mdhe agayam assvell alnse

vol une of ?ﬂ;er I Fig. 1, the
timng logr’t(ll:lﬁstﬁn B%R rat %é}{er él‘?\%ﬁ]éﬁﬁ‘h‘}“{’}’ lgé%%as -2 Munber of
i nput and dmmmwpd sonpnedted asshows indtigol ads asaaohdspmeswmhbjﬁdermne 112

d dl t
and vor di{ ot ¥ WBRIB fndccTHESE shALL Sggéeg,t HhgERahdfoappr opri ate

si gnal Ievesan timn one “or
pr ogr anmed wi&ttwegdbbskmg thelrelloeereritchromgh Beples e dfa!te/:@alqllecgucqqr y

such as sw tchi. n .ans A t her se generation

circuitry t%a‘fsué #Ff‘&‘é@?% 1%3@%&5@%%96 A58 agmsg@é%/ Hresister

PCT/ US2002/129583% also be provided for heating and/or current limiting 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 voitage 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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achieved on the signals that are driven into the bitlines and wordlines.
The timng logic may al so be inplenented using conventional conponents

i ncl udi ngwof2e4/01m28ance, counters to inpart the needed tCEIUSg0ROR5932 eat er
accuracy and speed in the progranm ng and read operations. The timng |ogic
may respond to input requests received via address |lines 134 and data |ines

138. Such kelgieesd HnNthy I9shak QFe § RCR) thihl singl e-bi t
mul ti-bit data va}I u_g tgtgglﬁae o,ra o gﬂggﬂﬁg&itﬂqblﬁ%ﬁggra%§ ?Jrﬁi.hn‘?ﬁug‘et he

circuitry 186Vng lagieenay abse tedmplagiendrd asipgroorssaoyaldeaastiratd ogi c to
translate tb’%lﬁ'@'ﬁ‘fﬁ‘??& iﬁ@&n@@,te%uﬂt%fs%'i"??ltpiag’t”th%%%gcii%’ﬁgi on the address and
SNl s

data lines into thiose bitline-wordline *pairs o H&Pga@rﬂ?@t?%at are to
be driven aReFUrReX a@@ﬁ?é@%ﬁhﬂ‘ﬁ@%m@qgea@&addmeaam.m&&%ﬂg %c
[0017] It

circuitry 13QhRy gﬁdftgrhﬁgg : djg, as the  grr 104. 0

shoul d be not ggﬁ that al t ougrﬁa%ﬁgg5§%§?dpﬁaoaﬁleq{8?selﬂlhesr]é?‘é‘?y {¥yadinesilagl e
sel ected or S¥eh grauesiBRY bedb] fayénstgnpe, ogrermsidg keisit beﬁmltit&gdg%n@%ggs are
al so applic ' epusl| ram and read from a nunmber of nenory
cell's sinul @é@%ﬁgl’@r%@? p‘ns%aﬂ%ae‘f) E@%p@f%ﬁ'ﬁﬁe HRSHIhSOvip une erstopd s

recei ved byirtchedeany netesgaryS3flecoal ing t6e8¢ tfrafBIERY theGRldrsss }f gaLe in the
same row of .the ﬁrra and, are th coupled tg the same wordline 108, where

each of t heSHOTTRARPR receryed on dhe é@gaesa Apd<ain iings intp teoselisitlineay obdline

progranmed pairs 6AtheSArTaY 164 aauSky to bé A% een
sel ected topble erim[ hfrﬁgjr’o%armed_ oor reiﬁ!1 a&ﬁgﬁggﬁﬁgﬂcﬁd&o}p}ﬁsfgq"il%st%q)pI I ed
to the wor df#taans addsess.pihe cisruithel dbmaytheformetiion thesamedibdietaseheel | 114

shown in Fi geratt 108, Sel ected to be programmed or read, the potential on the
bitline 112 2 i1s 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 nodelP0R3l provi dé shewld bR neteditbat ﬁ&@uﬁng’i@d&scﬁpﬁén Hebéin refefs tMa N,

all ows the ) i el er,m t by the

Ul s6. The Spiq lecitl B HrgbOrlebf 7738 tefhg Plogriingy BRHIHAG 3R fncaifect e
) e, PoPAeDals sk e el stz (12
menory cel %%W%héaegggﬁéﬁ%ﬁ?og@y" %emfs%\'fﬁ'e%%@dg%% HPQH[}B? X{Tifg reglesiow
various volteagiwedrhy therciruitry €86) Sniudler offtdeniery deVisltMsthrd ¥h kR@sHH096@M N
and readi ngofotileaarpahyaasr(?& gpea’c@'&%% cg%g?éc%/ 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 (i.e., 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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3 WD 2004/ 017328 PCT/ US2002/ 025932 cell. The change in cell current is
shown as a function of cell voltage, for different nenory cell states.

, Tote fowoizet@m8 the difference between trace 204 amdTiusaee/02932 The
trace 204 corresponds to the |I-V characteristics of a cell that is in the
set state. In this state, the phase-change material of the cell is

pr edoni nantdeyrl CMes¢alrdeng canautRar af |stance to
current égnt rast gevvheC tﬁe cel | |O§V$%§?ﬁgﬁ§e@e%ﬂs¥tl et

phase- chang‘elf grtrmgriory cel) stadesvi Najia foy lwm@&mm@eeeﬁwﬁrm@wts a
rel atively dHOhare3i®t &ak®204 or._qf .the cell in the
reset state is Sr ven bm&fhg tr%c%ﬁr&g%%ondgnsaggg%%h ﬁ’éﬁ’t‘smtsh%f @l thahy be
pl aced i nt dSimtRe ?Fé&?a&?el%fl'&ﬁ 8t bR phgse-hbarge miatdrial of tlespng to traces
206 where t d@h@ﬁgng a t S neither

pr edoni nant I y Cr st al ?r %%Q%lgmgr%%aghteﬁ%%ﬁa%%%%g ahi8w res‘[sgﬁ%]toﬁrs”teﬁé Bel |
current ri O8RS \}‘éh%ﬂ fhﬁr@élhlélum the resehﬁatmttmphdiser-cthahlge mé&etia] FBY undergo a

phase chan t volta escri bed and shown
R g 2 aredoinae SBR-RCS SRR Rt i e ggelyﬂwgarraﬁﬁrange o

t hr eshol d roexmm Tﬂdﬂthehlaumwértheb@llutmeatetsétaétét)é@g%h Hear&ld1p 1pto a
given state, E 8e|| eglt ng be, further increased to levels that
are indi caalneeffn RYtH iflébeu? AcekdR intermediate statesi suchaséha@s. The
trace 208 tﬁemm’tespidmi KﬂMﬁ‘@d@bQOb@ﬂ@é&bQﬁe Bhadien£fle mhfRrihGh o ik %te may
be programerﬁ .1 nt the et state {;ﬁ reset state, or an Irnterne

state, depdfdl§de fne %preéi@mméaﬁyremomhoume shape and
duration of the ceII current puI se. [0021] Accordi ng to an enbodi nent, the

read curr eroozginge MEADRe RINBRAt FRESBOE AhuSHRAA 11 IR, tg,galggtstyab' e to
0

read a cell w thout changing its state rea Be taken
above It, CFB(?ZM“—T‘GPFS%@ PRase ehangey The %‘@ﬂd Q‘flrl'ememﬁl atthage sdi agr ans
ang readrng a

that T epr eealdshQURoWaSl BETE 1ASS0ERAIE b Vildh BE pAEATI NG and.

phase-change nenory cell are | I X se
i |1 ust r at eprogudreming ithreshelsblerelsn Ngradwavestea tiyat tmaralbjl ﬂogmrmrtatguég, cel |

o echar ge. (1icet SR ERte, MY S R bRt Pt aed o 1R b hesy e
used, accornndicgtedoirt the ﬁ@.u'e(airmg m‘asxénrmﬂy wegiteat tidke d0BleThe tiage 209! Y a
prec har ge %ﬁcets e &yagx'm Eetaibd bt B8 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 cell current

pulse.

(0021] According to an embodiment, the read current range may be
between zero and I Since it may be desirable to read a cell without changing
its state, the read level should not be taken above I,

[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, ceil 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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voltage of a selected cell (without raising the cell voltage and cel
current to their 6 WO 2004/ 017328 PCT/ US2002/ 025932 progranm ng threshold
| evel s) pwomoo4m7328i sing the cell current to its readoutrCTiEse@i2/02§98023]
Fig. 3 may be viewed as containing three colums, where the first colum
descri bes a reset operation being performed on a cell, the second colum

descri bes aregramipérgithiresholdrievalbleptibi tooragsshgne @E@Iﬂr@rﬂsto‘%& re?H@Q{jl ment of
the read o §1t|0n The reset and set operations may be entire

conventional and will be only described briefly here. Note that between
progranm ng or other operations, any unselected wordlines are, in this

enbodi nent [0023] sed t oFiz. Behay by elgwéd g@cmbiragg thz%eg.-olaﬁms, Mﬁéée%ha et

unsel ect ed t at | ativel vol t ag .g. zero'volts
or ground. CQIIEHIlL HQ?.:% bger i Jr%&o%%‘ﬁ{aﬁisn Eﬂj"g Rerfenm ﬁﬁérf@nt ﬁ‘@tseﬂﬂ)m@ t he
unsel ect edcolormt dessitas abet oparhtidrh andnketiged e d?hﬁ'd'eﬁ&% ground, the
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vol t ages behav I ndi cat RESET . nonencl ature. On the ot ﬁer hand,
it the celPOfE 5: bﬁr@@\"ﬂﬂﬁéﬂ %)%‘e&ﬁﬁrcélﬁ’fwlqu lset state, then the

vol t age and current behavior is given by the waveforns that are | abel ed

SET. To fil0iD24] progr dforresgt & hell ahk |tempafanufé1@f t!h‘éspﬁ{asé-fcﬁhﬁ e H&%eﬁagfi.??s aguge
I ne y

of the phas han te ell is rapidly Iowe ed as

a quench tiRE 5!?8 m [eigmf‘ll 'fﬁ?%le&ﬁefﬁéﬁ le‘?‘hEeﬂﬁéloﬁénlﬂatHNﬁem by
rapidly ret&ecemlgodlmexq@hlomurrm 3V\ahtemen i Pesef bR,

Thereafter, the Ctﬁﬁbé ol tage an currenté arsg ?a ﬂggo‘%lﬁgeﬁel r

qui escent Je5WEe ejanc wWordling,ohthesstl such thatthacelcuyrentrises to a

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
time may be obtained by rapidly reducing the cell current within an interval

T reser ran 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.
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th |1 | |
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at 8'1e 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, particularly
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

8



precharge voltage nmay be used, so long as they hel p reduce the period of
time needed for subsequently obtaining the bitline voltage that represents
a neasurwoent4/@fzzBhe cell data state for read purposesPCFarS2eraedBe, the
peak level of the precharge pulse voltage on the bitline nmay be in the
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condi ti onsyetHRBRE séasm@rmﬂx@rcxn%%@éﬁ el ey g@&nw ﬁg setting
the nenory cell nmay be 50 m croAnperes to 6% mcro r nory
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I n contras; r t s descriped above
for the sa’%rleth%gﬁ mg{%& ggﬁeé)fth% Ebpadrlg‘?\ae()fo %ggﬁﬁg?gi‘rﬁearl%% ?S‘f

mlli ArrpermhoMnmﬂamhgmeeddhewdcurfmxshet supplésd by a contigpt akreenor y
cell could 0 r QAnper es e | evel,s e
appl i cabl & ({2& % K}L}t;égrgﬁgﬁg aSC(;r%gstt%% éﬁr{%rﬁg?u{'%rr@g%}?Félsﬁgl%‘aﬁr?’é@f*?t@éf‘?%g in
t he range mﬁd]culrrémdlweltforHzGtHGdtcaﬁirmsemdndﬁmgh resi stance range of
greater than 100 kil oChns. The tine interval needed for the <cell current

ange of SOPR0E0 nanduiebERbBagRlABE R G Ay S B R or i
duration. memdrgadllithay beB0enicedAaleeesieEs0ai@bAntseres For HeRdstytlldevel op
a 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.



sufficiently large voltage differential between a reference voltage and the
bitline voltage which will be conpared by, for instance, a sense
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wor dl i ne 1the wordiesmiregot slwoweblut theldegign loé encls eradtrydvoualdise readilyer
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B ot 1 or v aEbnqrayare hSiamRLR i A BVl e S8 P HaR abSvs

sel ect ed c&@rnectidd with deneiehplary elmingizgnim of Rig. Biandaiedolilowiiig the cel |l
current is,the same as the bitline current that is provided by one of the
transi st or&SGUBIM  Transistor 419, via a digital SET control signal, is
used to generate a set progranm ng current pulse. In the same way,

transi stor[0d2f] i s usdecdrobgeaat tiat tite ctbEl4 ispoagolledingaciby esignalittee, in
response to a RESET c t he

< Gonor atBAPRUFHOEPRREFalr 1432 ATUEIS e el L had beeR SePCPREDHARGE

control sigfia grEFE@hhﬁéd dfRaletHenohe RMntidAl onftheordlinet198_7 eABwWea¥e!

usi ng the J ransjistor. 422 under cc‘)r}\‘t_‘r Qlt’_ot’i\%’ glag.lsits’%lr LBE&EH?S%L%L& ey
to a sufficiently low level that ajlows the & e the selected cell
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 control 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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signal. In the enbodi rent shown, the set, reset, and read current pul ses
provided to the selected cell 114 are of constant magnitude (i.e.

rect angul w0)2004/047328r nat i vel y, the pul ses may have non r ectrarsgul2aesshapes
provided they still achieve the desired programring or read result. [00331
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ground). To hel p conserve power, ;a switching pull up transistor 418 under
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ef fect shug b | V, Ltline 112 2
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operation | | : I b :

enbodi mont & Fhatecdehef SgRALHRSeRE RPIFRE Gl tnd voltaB chiflpidfiedif e 1
vol t ages ois ndtebeimg déaches that correspond to all desel ected rows of nenory
cells are raised to Vtt while the wordline for the selected row is brought

I g o S e L e

sel ect ed cdtivensrcudirpshowadndiig. pisaudwadgectibed. aArehd agerdtion begindiey

embodi ment gt El Jond or bibe defls 356 TRAd SACThL¥mbSARRO, Ak {idhsd 24 421
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 turned 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
turned off and the sense amplifier is activated (that is by turning on transistor
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During the precharge pulse, that is while the transistor 421 is turned on,

I sol ation transistors 415 and 416 of the sense anplifier may be turned on.
Not e thawotznevmesrse anplifier itself is not yet activatPeda/eRomhes3i me
(i.e. transistor 418 renmains in cutoff). Next, transistor 421 is turned
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relativel ycL&m@zhd shoedd beujuiRngmail and gecbiblytshtaller agd &eothrdsdid Regahl t hat

this read _current should be Ite small and probably snmaller than the

t hr eshol d wUPrAHRIN e Propepptas testilis apd ¢p avoidednging, thespasg of shewoi d

changi ng tieug@has mafeichan & b dte#ibY il thehaeereahanag 'ect ed
cell 114. Neverthg?egs h re d1 current ma? 4%‘?@% eelaés?gd&‘g?e

i nst ance, ¢4Eenigray |b6rﬁdd‘ﬂ3t?ﬁeba§%4 8Bt log insanes, thtﬂaiqigél@%@ﬁ therselerted tei\lrss an

adj ust abl f r [ ons in
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procedur e eﬁubﬂyemaannsmmmebamcaébhmmbrc of F| g. 4 which shows the
selected cell 114 having an isolation device that is coupled between the

phase ChangBagt o' 2l ARRGuE PV B dtcbel 3084 CHHEE LOARGAAMAT) . @

simlar proce re may nenory array I n which
t he i sol atdiomuit schematicoof Fig. ﬂhvshmhahmysd:hé Beleetedccehﬂééﬂwadutgmmsptamm suppl y

node, rat hgevmg| fhtds ng\iﬁredrbeett% En rgl%dShaAe-cﬁa'i’l a rRtterial and a 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 return 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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enbodi nent, the cell current through the volunme of phase-change materi al
woul d be sourced froma power supply node and sunk by a nunber of pulse
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vol t age, tzlf'eed%al 4e§eﬁ§ﬂ%ct§18gt gols%gﬁ@é%} rigle bit. However, for cells

that can store rrul such as for instance by
all owing one or nore internedi ate states between the set and reset states
(see Fig. [PP38la corrpaTLammg anCUOIElgV\E tvhatLib showe is affervedégrhevs & may be

needed to determ ne ate.of a multi b cel 038] Turning now to
Fig. 5 wdh ?éu’éﬂ% ?ah 6%% éiﬁ%? LHB%%? %@ﬁ‘ﬁed\*‘eréoﬁéﬁ{bd for
operating @ éfdti&ib@gaiw phﬁs cs‘gaamgwmacté&héum%haﬁ&? iRBH NS with
programm ng a sel ectg}é{ cel | into a selected state, by

rai sing a veiqted statey @hﬂnﬁac,cé IIVOé@SFéHEi afggll qusEeTder thegrelldpogr anmi ng
threshol d eén g%&uﬁﬁ%ecmsgmd 4l (o §@Faty&l $(§’499Tﬁ@%%gé géla&ﬁntrgfe%ehow ed

to quiesc evel s~bel ow their ramm ng 't hr eshol vel s
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application recharge (operation 1Seraises a
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to be seen h\é\é}egro%rgrg?ﬁj‘m%qﬁérgolé Tevels. 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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subsequent |y passed through the bitline. [0039] Follow ng the application
of the precharge pulse, the cell current may be imediately raised to the
read | evewp 20bw01@32®8he read | evel is below the progranmmpag/usheesksB | evel
so as not to change the state of the selected cell (operation 512). Next,
the bitline voltage may be conpared to a reference voltage, while the ceII
current is tatntembodiatertefe¢he reas deicessvidteribbe a56& eTRE sihSye %% %9 cel |
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programed and read accordihg to the e I men ove in Figs.
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arranged i nl088YuI es slB®2RB 1@@%6@4 @ﬁalbedpnamtmqempmmalem&odkemry
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co uter, er sona Ita
as rsr}:) stant, a%fgcgésto?ﬁgt%léltag d(tgglgféf?%? }(gl% Lfsﬁg'taélpé'gﬁfﬁi’é “i!ﬁ"fF‘PrY frstare  of
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608 and between the processor and the I/O interface 614 may be accomplished
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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usi ng conventional conputer bus architectures. [00421 The above-descri bed
conponents of the portable application 604 are powered by a battery 618
via a powp 2uppal3esbus 616. Since the application 604 ipsTruseemlobip3battery
powered, its functional conponents including the storage system 608 shoul d
be designed to provide the desired performance at | ow power consunption

| evels. In i i ah@@hk r R |ications,

t he conpong%?fsélurssﬁg% f%iﬁﬁoﬁ@ Iﬁ%& rhg§r’ g\gﬂ é&éath@}et g?lltlsl/&P &?\ﬂ ﬁ Ndensi ty of
functi onal if¥gm tie béwe;éputlm%sm T{dhe pmem@mas Sapb:lrthcat tr@r@pfeaaeahe

st orage sy 6 i nst.ance, |arge
net wor k se?&§?§ g?“% ggﬁégﬁgﬁﬁﬁﬁgQWﬂ“ ces’ ﬁh#%§‘8 efptt ePrBﬁPa
non-vol at i Illéuﬁéﬁfb‘f%lfﬁb%ﬂi f@f‘énsalﬂ?ﬁtfaféwteﬁén?ﬂiase 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
2004/ 017328 PCT/ US2002/ 025932 various nodificati ons and changes may be
made thereto without departing fromthe broader spirit and scope of the
invention as set forth in the appended clainms. 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 CLAIM5S What is
claimed is: 1. A nethod for operating a structural phase-change nenory
cell, conprising: progranm ng 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 progranmm ng
threshold | evels; and then applying a precharge pul se which raises a
bitline voltage of the selected cell and does not raise the cell voltage
and cell current to their programm ng
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threshold levels; and then raising the cell current to a read |evel bel ow
the programm ng threshold |evel and conparing the bitline voltage, while

t he currewD 206t/@|v328he read | evel, to a reference volt ager/iZ2002hesmet hod of
claim1l wherein the quiescent level is essentially at zero volts. 3. The
met hod of claim1 further conprising: while applying the precharge pul se,
isolating an input of a sense anplifier fromthe bitline voltage for a
predetermned tine interval and then CJiAJMS6Sting the input to the bitline
vol tage, wherein the conparison of the bitline voltage to the reference
voltage is perfo : - .ense anplifier whose output bit val ue
represents a reswﬁolgat tlljtgl‘l%"cgics}%pari son. 4. The nethod of claim1l wherein the
cell voltage is single-ended wth respect to a power return node voltage.
5. An integratedlcircdi Begpieronrgating pistmahiray phisebittdrigeateandy acll,
plurality ofs ;ghié%}es; a plurality of nmemory cells each of which has a

vol ume of strucCtur phase-change material coupled between a separate

bi t I i ne-wor dl i neppegranuhinge selectedell (04/bik82A] PRILLSAR 828939 into a

I it it i . th I it f dl t t t
Por that” cesifereitsRS b ig aREl Bl o el Cuarnd e seiscted e ng
| ogic, pul spramauaingthrasttbldrévels cindctiieh nyweaH |t§@v6&a%é‘§nd H@ﬁI I& y of
bitlines and the pl.ural t%/ of , wordlines, to program a_ selected ce into a
sel ected st S’t‘@sﬁﬁf&rlﬁ'fé? I?S oy LR8iF pregrREyRIng ireshold deviels ranchthenhe sel ect ed
It } : : I
current t Cour oeRBRhg ATk DU hh raloash bR diBEe AR AR

current to ui escent ls b w their programmng t shol

then apply ¢l prdelegs get pisetha @lrvpltageans elliqverandito ayzr pfogrammirigect ed

cell and nofhLaSi8 1b¥8s: &8 thek0! tage and cell current to their progranm ng
t hr eshol d Ieveﬁ, and then I’eg} se said cell current to a read | evel bel ow

t he programming taisiagHbedell sustent ima reashisvekbelow thietdrogeamniing geresholel ned
whil e said i . 1 I I I . ference t age., 6.. The
't egr ated EYeLER cbiedrile Whe'tiithe Mol Bloe, WhIB AELTRENE ol the P 161, 0

a reference voltage.

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 voitage, 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; h

a plurality of memory cells each of which has a volume of structur
phase-change material coupled between a separate bitline-wordline pair of the
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essentially at zero volts. 7. The integrated circuit of claim5 further
conprising: a sense anplifier having an input coupled to a bitline of the
sel ect ed wel2004/018328The i ntegrated circuit of claim5 whecaius2ed®2m8t |
voltage is single- ended with respect to a power return node voltage. 9. An
apparatus conprising: a portable electronic device having a printed circuit

board on whieflidy oPbRERESM &mp@rmﬁr@f%pﬁd! R an? et:’harti vely

installed, and a battery to power the printed circurt boar eréin the
storage suB8iisthepair tebaselsctsd Whenmagieg thaticelli andaving a plurality of

bitlines and a pj 1) | I, f ry cells each of
whi ch has a volﬁrrngih _flt?g%éf gg%sgggflgiagfﬁg{:a&%ﬂgkgéﬁ%’%{télrgoﬁpq%%gop%bed bet ween a
separ at e bptunahiéy abbidlinereanshihe pluralify ofpyordiniesytogirograrhianesecanticdlhe
plurality ' e ' hat _.cel the pair, to be
sel ect ed m;ﬂl{é%%egéddit%&taﬁé;??g%%ﬁg %é\%r?@%#gm{ag%?%?&ﬁﬁlﬁs tkE;éﬁlgFt&Bicﬁ and
drive circtft progresupingitiresiidid lestals, ainidtthenflowet themestagechnidneirr@ltupal i ty of

wor dl i nes, I .ed |l into,.a selected sta by raising a

ol 1 vol ¢ gt taET oy REE brB Rtemiring e RB T Vels st redhamny o

threshol d preshalrge palsd tohaise hditinethdtageldf algeselacted well @AH rd? raidh scent
hreshol d | evel s, and then appl

| evel s belo%/}/thﬁlr rogranm ng, t y a
prechar ge pulf ¥8ltge ?’g‘# §gl &urlr?n% DS OBTAPFIPEesholhleyelsozd than | i ne
vol tage of rdib@ssiglcellicegred@ td aabad Nefel balowetHd\ropBA AL RAR KRS8 |

current to their progranmng threshold | evels, "and then raise said cell
current to2Bdcegpare é%gﬂgé? FRitagRobasBWiie §aithewrser id af Bveeteaddevedonpar e
t he bi“inf‘o?(?éife?&?cem& bned while said current is at the read level to a
reference voltage. 10. The apparatus of claim9 wherein the quiescent |evel
is essentially at zero volts. 11. The apparatus of claim9 wherein the
integrated circ@it fdheisiegraedsitcuitof clhimehvheseipl the iquieshentilavelds i nput

coupl ed toe%eﬁ}ci%htafz&fo@&?s.sel ected cell. 12. The apparatus of claim9
wherein the ce oltage I's single-ended wth respect to a power return

node voltage. 13. An_integrated circuit qon?ri si ng:
7. The integrated circuit of claim 5 further comprising:

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

8. The integrated circuit of claim 5 wherein the cell voita

ended with respect to a power return 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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means for storing information in a programmuabl e manner by a structural
phase change material; nmeans for accessing the storage neans; neans for

pr echar giwg 206u1a28ess neans W t hout changi ng the i nf oPeatises2sessed by
the storage neans so that the access neans is charged froma qui escent
voltage level to a | evel below a progranm ng threshol d; nmeans for causing a

read curremitlire ¢dleagel SIMAgCe RERAT 2 11ARG ﬁaasaﬁseftﬁé cbih %RQ Q&‘?d Péx?SQ%rge means
and the read current” causin es}&%ns so th a t he access A

i medi at el yOSRFEPPETAHBEIRS Arlevels gich e@arassedaldlmll Cﬁtreentrtbagreatied
circuit of 16iaiyBidw B8k ﬁnarh@m%qmr@waqe&e@\éﬁ uar mﬁ%ﬁﬁ%nﬁ &aﬂt £€r o

volts. 15. The Integrated circuit of claim13 I co A%eans for
conpari ng £P§RigRAIVIES B ACAIERY D3t theaerdiryet to Feﬁﬁermesmltdgeaccess means
to a reference level. 16. The integrated circuit of claim 15 wherein the

signal level is i@ si r.S
sgna e de vol t2ge. Tlﬂi@pﬂiﬁﬁﬁ OFQUAiAO WhdBirl @RRffis kAt RvBPVRLSHRRLY
zero volts.

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 voltage 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 isa
single-ended voltage with respect to a power supply return node voltage.
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