p 6 F"E B 2007 WO 2004/ 017328 PCT/ US2002/ 025932 METHOD FOR READI NG A
STRUCTURAL PHASE- CHANGE MEMORY  Background [ 00011 This mven@ml IFEIBSFgﬁ ated
to read operatlons that are applied to read a phase-change terial solid
state nenorYORRUYE328 0002] Solid state nemory devices t hBET/H8W0H025932
structural phase-change naterial as the data storage mechanism (referred
to here sinply as phase- change nenories') offer significant advantages in

both cost and METHODEOR Remm:@wgm@mkjwbeWﬁt%ﬁQ{fwggﬁg%ﬂi es.

The phase-change nenory is nade of an array of constitue

each cell has§ sarre structural phase-change material to store the cell's
data. This ' y be, for instance, a chal cogenide all oy that
exhibits a reversible structural phase change from anorphous to

crystal line. {acemgl | vomﬁenwnttdfrasqbak&paﬁwaé%ﬁ%'rétgans' t%até”te hat ed into a
circuit that all,ows, the cell to act asa fast s e

resi stor. Thi'§? ﬂ@o@?%‘?ﬁé‘ﬁf@e Ratpgalgiol @aﬁa@mﬁmngEEEer than 40 tinmes
dynam c range of resistivity between a relatively crystalline phase (Iow.

resistivity) [apgzla rel add] ( [ i t The data
stored in th[e ce}ll S rdeia%édt@rﬁgasu 3%59{3 Zﬁ%te#}fz% t?‘bcg'ﬁ?ttlg @3/%
chal cogeni de T&F‘-F%Sﬂ @8 the datg SaCPI@ge mﬂmuisan ﬂeéarrécﬂﬁﬂﬂére'ﬁlim é@@ﬂéb@ﬂge

menory cell r ead b appl yi ng
current pul ses t %rg\glfel gglb% opr| a é&@‘&ﬁ O(%]éﬁas SISPITRANCE hat

cause the neeuied mnWemgﬁmlaha@stmgeMSeémemMéwgfhe lh@:evd?{aﬂgg mory
phase- change . n_the.cell ect.ed cel |l a struct

phase- change %‘4 }rﬁw&rﬁ%y 8168 5%%%%6\’1%?%@?%9%@ hag sgrae Wuf!fallr@i ng a
celi vol t age piodeahaabt neitenats sfcﬁ'é thBeel¥s e, eﬂuﬁ%étehglh LOWeAFIH NY

t hr eshol d Ievels t ha ai‘::?%gl}jferg erlstlc. of the phase-change haterial in
the cell. ThénSf\?BF?ra’gé‘ éembﬁstay'ﬂV%raml?SmMekph&seqhaageent
level's (e. 9. frams@bipHoug té@f)%té’iﬁh&a&esrﬁﬁﬂlv‘bﬂixﬁ@@f}héé\‘%}#a%b E\?%éjﬁh Qw their

programming threshold Ievels hi's process may be
application éRrtegrafed léiéhﬁﬁllf@ut ﬁia*@ﬂéwqihﬁﬁllaﬂdc’eamhspsﬂvﬁehm\dgl ch can

Phe col | vol FagErmuapl Reistor. (e Bro el elSior cin Rebibuenee e ipiocs™
certain thr eéhnezﬂdymmag@.ngﬁcbf cesistivity bétewasing rebetiledy toyspaltige phtasdidonel | .
Next, tor ea?e&?ﬁvﬁ{r)oﬁ{cﬁmgh%gﬂyl amorph%%g 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 memofy cell can be programmed, i.e. written
to, and read by applying current pulses that have the appropriate magnitude
R | 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




I 8 FFE 8 2007 WD 2004/ 017328 PCT/ US2002/ 025932 pul se may be applied to
measure the relative resistance of the cell material, wthoul &ﬁﬁﬁgmﬂj its
phase. Thus, the read pul se typically provides a nuch snaller magnitude of
cel | currenVOZqeH/H&I2 vol tage than either the reset pul sePEF/USLHGZ025832

pul se. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0004] The invention is

illustrated by of .exanpl.e,and not by way of Ilimtation in the figures
of the acconpa%‘r@?%fg”aéfr%ﬁﬁaéeql 0 ffashrd fegelatifverresicrsce bﬂ@{e_(‘c%hefnﬁgﬂia{ ar

el enents. It shekbek r s to 'an"  enbodiment Tn this
di scl osure are not n‘g?é%g{afﬁ? Hf%oe_'tﬁfé&;glqnegpeear%%‘ﬁlﬁ?réﬁ?icagﬁ@mYﬁéyanaa:rh at
| east one. [0GD%lermmpgrm ed doiroai adidagtiam]eize PRd el"?ﬂeratﬂeirgﬁte?gr ft ed
circuit that tﬁ@ggtL&%e_a phase-change nmenory array that is couple 4% Ye
controlled according to an enbodi nent of the invention. [0006] Fig. 2

shows the current voltage characteristics of an exenplary phase-change
menory cell. [00071 Fig. CRIPTIOMIGE YHEUDRIOWINGSE am for vari ous
signals associated with a cell being progranmmed and T € cording to an
enbodi ment  of jdgpgy i nvent.Qr 08] .Fig. 4.illustrates a circuit schematic
of an enbodi r_rént_ L pul ?gg%‘é‘inng?%r}gsdﬁ“gtﬁﬁeﬂr%‘émﬁpfémmpie artdhinol sy saypifed.
to the bitlinamnitftion phths éigmmes\@&hermwaﬁ i g, depicfs a
f1 ow di agram Qf.; di ment _of t hod %@%ﬁ%@ﬁ??%wﬁg} E’ﬁ%{egﬁérgpces
diflle § ﬁrélre
phase- change NeMOrYy frSE ‘n@s BUughPenReiedi thenteferehicdshe "aavent i on.
[00101 Fig. 6embodimenbinobls disaasar 9k @t ift @l ggtroni c deyice that
PR B RESBF Sebidmmmsgn

enbodi es a ph se-changﬁ menory | C havi ng e cap
read operati oNEXCRBRURIS2 P enbodi ment of the invention. 2 0 0 FEB 2007

@_}2004/ 017328 PCT/ US2002/ 025932 DETAI LED DESCRI PTI ON
[0005] Fig. 1 shows a block diagram of part of an integrated circuit that
features a phase-change memory array that is coupled to be controlled
according to an embodiment of the invention.

(0606] Fig. 2 shows the current voltage characteristics of an exemplary -
phase-change memory cell.

{0007}_ Fig. 3 depicts an exemplary timing diagram for various sighals
associated with a cell being programmed and read according to an
embodiment of the invention.

{c008] Fig. 4 illustrates a circuit schematic of an embodiment of pulsé
generation and drive circuitry that is coupled to the bitlines of a phase—chahge
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. o




[(0011} The invehtor has discovered that in relatively large phage-change
menory arrays, the read operation as descri bed above may be e ﬁﬁt@mby
applying a ﬁlrecharg}e pul se which raises a bitline voltage of the sel ected
cel I withofOPHHE the cell voltage and the cel |l curreRETAB200HESP32
programming threshold levels, prior to raising the cell current to its
read level. The bitline voltage that is used to obtain a neasure of the
cell voltage (and hence the rel dPEVAILED BESAREPTiON1E material in the
cell) becones avail abl e sooner in time when using the precharge pul se.

Thi s appears beca “pitdin whi ch, dependi ng upon how | arge
the menory ar Edg)&}i?s cagﬂgextn bPFd[f:%éﬁa%FCtDé/ﬁﬁeéyméfn relativgly targe phgee-change

Ei elation to th@m@a’chrcwsr,émkaldaﬁdm_ém G?aé%fﬂﬂue@ébl%vé %\ﬂ{ &yﬁiaﬁ[eﬁggg%?ﬁ
uration prec icient|y . vol tage 'l eve a ows
the bitline %%‘Fg’?‘g‘iglt‘%gc's%agggﬁégsﬁt‘P@mg‘e‘@ErgBbkbﬁﬁ]lﬁéé@ﬁﬁge of thetrelantdd calbl t age
very qui ckl ywitkepit t@sirtgetheak oty asamhb 588G EHY FoecﬂEi'r.pIrggxgﬁz)rL A further
advant age of 4.113 éﬁg ech‘arPe EPul se appears in certai‘n odiHent s
where the cel Lc’% ntVFE RORE Foraiangithe eplbmaaant tp isfrentideveapr dhbatiges pul se.
This all ows thets oAU t8HH: e fal i view of ,,variations in
the structure and el gptri cal [)bgtthavi o?[%g th%zﬁg%f%lgv?[ha& ng#}e%g%

sel ecting t hefeg%‘ﬁeefreswﬁ%rg:emféhe graterial in thaeelh)dmdonies neatialle¥brer Q03]

Referring no ki ' ....a bloc i agram of part of an
i nt egr:';tt gd c\lMPf g‘g?ﬁ%}%’%‘ﬁ%@?@%@}pg@n@%ﬁggg@réﬁglﬁaggﬁ%h%rtpe arfﬁay whirht hat .
i s coupl ed tclgrensing rclpbhehbvlo}arg'enhmmdn@@iycarraq,uisﬁ@rgé?&%i%&ﬁ&it%ﬂge g ye

circuitry 130... T | it 130,i s capabl e qof "perform ng programm ng and
redd operati onee %ﬁgﬂ{[egeg?t?% o r&@@&%ﬁeﬁ&?\aé%@ﬂ%cbﬁrgﬁgdﬂy eriletdivelpshort
descri bed. Bedjirationgrethargt prilidid heuicicayyidn v8 CIAR Lcally
oriented conﬂju}ﬁtive lkﬁi nesr;llggl, 1}2 2, y é%r‘;e%tlg s%c%:%a a(taéﬁéx}vﬂ&ﬁ es, and
a nunber of HOFFOERESOSHPEsHURNIY EoialeR A reasirref thegell voltege Zery: . .
sonetimes calduickiwaledpitaehe rélBivE§ shilli] fea@tufreng€m conductor 1C die in a
cross-point matrix arrangenent as shown. Eac crossing of a

bitli ne-vvordlr{'g pair is associated with a separate nenory cell 114. To
achi eve | ow lact uri ﬁ*gﬁﬁgﬁr@de%geg@uﬁmgjﬂmpreebmgy pEsmaypezed In 114 in

th 10 i , EEB 07 WO
2084?52%28 égﬁ_f/ﬁ%sézlggg/ﬁgggg%gﬁﬁé’reﬁﬁﬁ%eﬂ RERAMR Shiaky rﬁdg’péana%ntly 2NT Y8

precharge pulse. This allows the read operation to be successful in view of
variations in the structure 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 builton 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.




['0014} Each nenory cell 114 has a vol une of structural phase-chg
material 118 that is coupled between a separate bitIine-mnrdIﬂnéqﬁgiﬁggF
the bitlines 112 and wordlines 108. The vol une of phase-change materi al
118 serves MBS nformation for that cell accordi ng PETIUS00NTYEAMEd
resistivity. Access to each cell 114 in the enbodinent of Fig. 1 is via
Its corresponfina bitline- wordline Eair and is. made possi bl e through
addi tional ci F&dRlry in Bedhmemary celhdirtbhys avolsak af s @icggy] sél{gq'aaé‘% a
ed2cel |,

parasitic PNP.hi It [ The wordljne for the ‘selec

"in this case ﬁ*ﬁ%ﬁgﬁ%fg@%&&&& StEBa’f%:élmgag'éVQﬂdlimlﬂepaﬁlr@frmest or
124 whil e t hebtilines wirfiines he8. cBd vdlléd o ¢ e t.her side
of the vol unetoogtop{@&gl-_qggéln%? r’rt%tﬁrigl 1‘1 . In_tiﬂri%sgg-e%gg? he%ﬁ?ﬁﬁqtlﬁéefl‘tﬁﬁme
of phase- change arm ST AT 198 ItaR cdbzscrsdifgtin itsmsogramined mbistifgy. Access
transi stor 12% eaghided HlHdénché bedbdimefit et ' r 424 is. connected to a
power return no%e t hat . be omTIgn topglir?r%ﬁn%?tf%gé Eoﬁ‘ﬁ%ﬂb&g&}%y 104
as well as tRE*?H0F RGA lé‘,m?ﬂcﬁ BeSsiiA dheighrr datidonizlicerugiry qubddhycelB0 of
the 1 C. The H4aB5I &t @6lakdsh & WisFl.g..1 acts.-as a solid
state switch und I?’Ithe cont r%ﬁqgﬁfgﬁ%pamﬁﬁﬁggie%ﬂsﬁlgﬁgl&%ﬁE"ia\?é'&toétlzf;t dhsase:
Cther confi gutaFfiéngiarghe selertediaelieinythiy crskivngrdtine 10811, isbsieRted By @uah t he

phase- change [ : G sing.a di.screte switching field effect
transi stor, agr%gg’lrfstgé géé%’sgf:gi .ZQKV ?%%het%{ﬁmelgl@—%é?/r g"les‘\é\hﬂé‘lﬁ vhsted oy
heating and/ cnathergde of kint volgneof piseschangs edtesial st Nt b S:
phase- change ki al ..[0015] The cell current nmay be defined as &
current thr outgﬁﬁlll‘él%\?(ﬂ%%ﬁgs‘gﬁa%%%?@?%ﬁjﬂé§15rr‘|§‘t5€i'1ieélwlﬂ1§’}e emitteriaf théi s
entiodi rent, - saralstor 198 hile ecolleetor @1 the KaRsiSRk 128 W EdlHocrdd Yol Syver

: e

enbodi nent, is, equal t&ﬁthe emtter current of the tran5|s¥or
cell vol tage,reBﬁE‘tqﬂa‘i% E@%‘Yali’ﬁ:l?mﬁﬂ'}mb@ atbinemaspsellyin thef drmad1Gsagwyl] as

vol tage r el atthaginiidgtiBeics BllseLbhetdn 4 . raqss the

vol ume of phase- (_:har$t eglrga?er ie?ﬁe T1s. [%B?Lgi{ggli}r%%}}éﬁeér?ﬁﬁﬁ%ﬁoﬁeg. 1, the

timng | ogi c raEisser ngctns amshovar iy Bigs i ractsi dsraysclRDsthassvaiteighesr s

i nput and out-BHroP B L Sut led toa,respective bitline 112

and wordl i ne 108?o?ff£ﬁve a.rrgsw.ré%ﬁ‘éés:ée)gﬁﬁsgﬁsg‘ églé‘eﬁf:(? r1PHS &Fpr opri at e

ot o et md e o e e oo pel B ac heleochueele e € DS such

such as swi t%ﬁiuﬁg?%d? g%scli%st 5t s&#%/g Eﬁgﬁ%tg‘?fffréﬂé@%r argglsgppsaible. derrsisior on

cireui try thaglakdyomiso deyprdeiiadeidr Waveadaptiner LQbgt I‘Emiting 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 ceil 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

4




p B FEB 2007 WD 2004/017328 PCT/ US2002/ 025932 achi eved on the signals that
are driven into the bitlines and wordlines. The timng Iogichynqggqmnpe

i npl ement ed usi ng conventional conponents including, for instance,

count ers t oWiOr9e4'2173%e needed timng for greater accur acRCHHERIGHEEP2 n t he
progranmm ng and read operations. The timng logic may respond to input
requests received via address lines 134 and data |lines 138. Such requests

may be to, foachiestdrnrehesigriats thasbRodvdt tnt@hdMlihsdd iyl to one
h the circuitry E136&% %&%ﬁ%&sﬁgbed to

or nore cells in tge arra iLO . .ThL{S, _ .

i ncl ude any n&E&LS, P?Cdaé%a Sﬂéell preptedhusiRg servertivratidvepsnamd dat a
i nformati on reegi:dBt, ¢ iBRNAEIEH ; | | N0 .t hose

i nfor B naé Qﬁ?er@'t’tﬁuﬂ?&ﬁ thé Hs_éc%ééf‘%@ugg PTETeaR ¢ hat

bitline-wordline pairs of the array 104 that are

correspond t o2tHE2FE4NESPERA THREP RARaHIRS 854 1Tk opérations 1 Thé Jenimeylope:
formed on thenggnshbndit® idsutt : : ] t uld be noted that
al t hough the descr isipj)t I on mirgﬁ?gﬁgfﬁvé&gma%lﬁ%%é 1133?2??88‘961?{*3{ ]g?%%%ﬁ-
menory cel | belfyI§tussiamaE dedndor éutanaehwritoncimgls-binsemalls oitapnk vaakl e to

si mul t aneousl &l fr n er ,of . menory_cell

si nul t aneousl go %rgf %\%?gg%%,ﬁﬂggﬁéga?i fr?é ﬁg@ﬁ i INgrs 1%%&]%\%‘%%“@@@&%% by -
the circuitryrcBode anynetessanyf devening/loged losiriadte Ah€ alifrdshangayes r ow  of
the array and us cou rdl.ine 108, where each of

. f led 10 t
these cells F§5¥e5‘88 PRI ‘P%F%ﬁ‘ ﬁ)ee?‘g‘%egﬁgﬁ \A%Ea lines infmipose bglingreeddiheor
read si nul t apsiesisk yhe §:981 804 Waearato! driddt aﬂ&%he{&?c%gre%gbxﬁﬁgg%é RRRs R her

programed or , read he appropriate pulse is applie

wor dI i ne- bi t | 3% 3%t ?é%ifeﬁh egraatyd30gary be formed andhe sdroe §€idie 44 theshown
iln JFig. 1 is sgiregtied to be progranmmed 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) K81k ovi de babeuldenoted thatalthoaghi the desaiptiomhemin fefefstbons

al l ows the engif ' j rmtted,by the
Ul So. The valPage and covreryTEBORT fef Relrpp BY ARl e iR sPts oo
cel| for proieaist applcadle teslimgtaniebiislgquegrhmantivead fore Btranobdrage (i . e.
I -V) charact.eri.sti,c . ell [©0191 Fig., 2 shows an exenplary set of
nenory cell |- VE' chgr%g%#gﬁﬁeggﬂyr e LfH" aP‘ég'ﬁ%EeB 1 %%ﬁ%ﬁ‘g’g‘t? Bty
various vol t agecized yutheeitcultey 886, aliahber of memory cells that are 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 (i.e., [-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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may be invol ved during programm ng and readi ng of a phase-change nenory 5
B 8 FEB 2007 WO 2004/017328 PCT/ US2002/ 025932 cell. The chapge FFB ogh?
current is g‘bovvn as a function of cell voltage, for different nmenory cell
states. Not &4 8¥*PHtance the difference between trace 202CTaisdooioazsaz 210.
The trace 204 corresponds to the I-V characteristics of a cell that is in
the set state. ,{n this state, the phase-change naterial of the cell is
predom nant | yc‘él yER@Fhangs iatruailtchezrm‘t@sﬁxcp&@&g@tfgn@idrpg\ftge s Eance to
current. In gopiLAs ’erx)(m'?nc ghgtcel isfi n the reset sta e,V e for

phase- change grr]Ectierl a§ﬂ_I@,S predont nanPfS A ivripheubealitfetenes bbarenpresents a
relatively hi trase nthe txace 204 ESftbspo of .the.cell in the
reset state iéigitﬂggetbéfatteh race 210, Fl)-rﬁmatﬁqig%ol\@{hr%ﬁﬁt?n?tﬁ@ f@iqellthgt be
placed into internediate s SR Siﬁh@%sbangmatmmbeml iko traces

206 wher e t heppshlasenehtdngeysiailiaeiaald Masss 8o fat, IS neither

pr edomni nant | ycocl;%lya%gal Li nﬁ:é)?r%qo,r edom naﬁﬁf?fyé%‘%ﬁtﬁéﬁgw EHIHFEY e AQ CHtiant eln
current rises above Ath 80 e FRsehstatey th phasetdbange ehdiefRysUnder go a
phase change.predentieeaiakh |t age ranges  “described and shown
in Fig. 2 ar ep exanpl_es gf mrg%’légfghggﬁ%re ?(038 Hrgsemg% %?%léﬂ‘f%lb’dgglamﬁiﬁgnce to -

threshol d | evéirEent h‘?b%lmrofthmteiim&Qtru@étlsyat@ﬁpgiﬁ,gﬂlbgt}ﬁeqﬁ%lcg 2Fb'nt[o a
given state, atrf@'nﬁﬁﬁhn%'ﬁr H@éels&)\% hd l:ie further incfeased to 1evéls that
are indicat gg t|:¢n the figure 1T g 2P ASCRES iteimediaty Yalessnanes #0Be The
trace 208 dédprtemredpondymarices hedh aicas Hef phie. i ich.its state may
be programreghatiig t?ilgf se& St at el t he {es%t st(gt%g,%egrqaté\ﬁhlf% Sear%&‘l?t%ff%
state, depending l%%é) Rerdqrerantyicrygplline prrpspdomdnanttidamodphdwes. shape and
durfati on of the cell current pulse. [00211 According to an enbodi nent, the

read current [§00je may B thbetleeReAL G Hbvk 4 hapee .t . Pe
desirable to r | | without  changing iV'Itesal t?{%sthg}@?%%lerré‘g@éﬁag%m%houl d

c ]gad a cceI W t (
not be taken“Bb&VA FRICIEGD Se'FG‘laﬁgﬁgTh@\ﬁhleéhﬁidg:ur&ntansie‘tolcﬁgeeéﬁg@g ary
tining di agr descritl and SREWHSAFiY. i ssociated wth
progr anmi ng and readﬁ\g a phagég?}\%%ﬁa%%é/){@F?arfrrg%qqqcﬂ?%e&Féé. Si x
sets of wavePEYSRERINES firaghldiedls. Mots boweeeetineps ecenlly pasant g

Tt 11 g vol ( hgg. e cha nE8e Paferf Sould i £ 8fer sicressegiiarievernithsee nar g
control si gniidigatgd e the gnreadong dinngssertidllyevertichOidgce 208, The trace 208
~ depicts the dynamic behavior 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 cell current
pulse,

) [0021] According to an embodiment, the read current range may be
between zero and L. 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

Tepresent 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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eénbodi ments described here, to apply a precharge pul se that raises a
bitline voltage of a selected cell (wthout raising the cell vglpggqmgpd
cell current to their 6 B FEB 2067 WD 2004/ 017328 PCT/USZOOZ/gZ 93

progr anmi ng ™ hHWEYALPE | evel s) prior to raising the cell cEETAFRORH2598S
readout |evel. [0023] Fig. 3 may be viewed as containing three col ums,
where the firs col um Qes ribes a reset operation being perfornmed on a
cell, the seddR&*BEYLEN f&é@e | 5Eelshpgier topdsiagithncelhndremaotibi gdsel um
descri bes anlewsipodi ment of the read operation. The reset and set
operations nmay be entirely conventional and will be only described briefly
here. Note ti@ﬁzﬁetmeen . progranmm ng or other operations, any unsel ected
wordl i nes are93% this FHﬁ@dﬁ?ﬁ@ﬁﬂ?eWEﬁ@édom@hangehﬂ%kw&hﬁnghgnﬂﬁqhéﬁgﬁ,

.g. V', whiketurhe de bt L b ly |
\e/o?t age, e. Ig ° er§ vgﬁ?&s@g% @E%ﬁaéé%h‘?’ﬁajgﬁ{ge?éé?@%?giagﬂgg ?{}'klﬁvng%?d (iw this

means that wEPHEREesFHRasId @prertinm, nas the third cahgnn HasriHesalect ed

bitlines at griHEmehP8f IHANRS] 4 is_assured to be in its cutoff node
thereby assuring that tﬁeHeg{e%?P%??%n ' J’Fée FﬁsﬁFﬁ% SelopgsafonsgTaE betentirelyl | |

the tenper at GPRVaitiantsé apHagiil nhanlyedesatibed dliefly Hefe. NBALMaPLERILAR N | evel’
and mai ntain }%Aﬁﬁ%ogo&la i]\é/aznrperiod of tine. Thus, I1n the

enbodi ment  showr 1H Fireg" 3Eef RReRqrs; any urgslegiod appilinagaze, unthiage pul se
bet ween t he binbodiraent)daised db kreladfvelR; ch,that cell current
rises to a ngj yen | evel and stays‘?1 tﬁe)}r]eléhg‘tdlga%gi %éhvf’ivﬁféngﬁ}ee?vﬁecﬁcf The
two wavef or nELBELHE SaRd aharrBgvelTioan HORESET. g etrer valts aterohekavihes, of t he

current or @gir@@b;g@l@td ] I £ el e in.the set or
redet state, respettivel yi.:‘E% %ﬁ%gs Im‘ré)é‘?%rﬁﬁtr%ﬂ{l (F)}?e[ ﬁrgeﬁc\f@ woptttings a(tﬁ& do or
reset oper at ifsrynselgcted bithines atgiotqd, vhe tramsistoo 124 isalsserdytoibe he deset
state, then S@ﬂgﬁ s..hehave.as .i.ndi.cated by the RESET
nonencl at ure&%%{r?ct#%fee%gt%er éﬁ‘hgﬁ{g’% eﬁecu(r:reelnlt lsoléﬁnﬁﬁnal‘program’red is currently

in the set state, then the voltage and current behavior is given by the
wavef or ms t H024k e | abTareseEr ce /dheitemphraiurge biwiphgsé-tRawed hatdrill & e

o dl v Towdced aserar: Rt By BB IRRTREATRES olor rerdod bt wsein
quench I t irrretl‘ue:aa}nhe:limﬂrwshedf_lz_ﬁ;nr Fig!f:)its,dﬂrhye dt’eﬁﬁ%.lfdsla‘igbj} hspBehs aﬁ,gqgagélpu%%et hi P an
'bpgﬁé\é? 'beétienIhe BAENR ‘and Wordline of the cell such tk\xlac’)c thg1 gee]l ?urregt risees tosa e
- 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
Treset g 2l50 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_e spg%i@hizy
zero volts and anperes. The zero voltage and current for thg %u' cen
| evel s hel p_. reduce power consunption as well as maintain the progranmed
state of th&© %"81"!’!73% p 8 F E B 2007 WD 2004/ 017328 PCT/ US2UQBLE259022

[0025] Still referring to Fig. 3, the second columm depicts the waveforns
gener at ed during an exenplary wite operation in which the cell is
progr amed i H083]

ts setSH atferring td Rig. 8ehb s¥@INR ik L0, reset
per f or ned, . tlﬁe%\/\r%é\?{e?%?[ﬁ%su%ﬁ {%rg}se

state and a Lon_were to be . . .

| abel ed RESE%é‘Fér‘fapﬁ&eg‘ts% 6‘\6‘0‘3*8%\?&%4(‘5%3 PRE2BARdn e vid dellbie exhi bited by

the menory cetdgrafuned @ttotibesee etalke. I ige EQIREFALL ' hase- change

material is | inte%étri]oed f or a% c%fstal growt h int é%‘/@lt “Hg‘%tre?e Sf?é? By *a tinme

interval TSO of Fehe St epulfeee PRiREmedghe vavefemns tae aoelabehd RESENIn

programed, theeecehd colirnnaed &Cetcﬁdasbb(aFv%h%é‘@xﬂih?g%%%ﬂkﬁ%@’% %e%g “l[O t?h
nFiho? to the

V,, and Iowerlnﬁ it? girtline vol t%ge to ground.

third col unreof eyl tBe IRPEASLE Hehe phRserchangedmoteeizals mairtthiakedifgeh udes a
precharge puwsstal srel@ § ; hcation.of t charge pulse is
evi denced by hg ctive Itgﬁv}aég%égpﬁﬂbﬁga hd?lgéxﬁtg%aé%@gh et BHlggaOndsat i s
depi ct ed by agwénvitesttbe selhhas heetbpragramofeditge ¢l islihselt@ePBPRdiBnL; shown,

t he prechar L L%, 1 NI L] d ile the hitline-wordline " pair~are at
their qui es%gg ee\e/\é‘%lz?é{%{tg}@,%@'{eé&gééﬁ%lﬂ%wlﬁﬂﬂ targretndui t
I npl ementation for inplenenting the precharge pulse will be illustrated and

descri bed béP@6li n conmeterrimg nowho Bhgthitt cdfammenFigl 8, drSemBb& iGN 4 ©
ynder st and trgga tlge rEre hat el\gul se serzes to raisethe bitline voltage of
the sel ect é4°¢cEPT AL THIEHR P RI&RPWeR is@rpiviade lhempylicsiion o8,

wi t hout rai shegretHege philisei9klirRRecANEGRE b i bl r.amm ng

t hreshol d Ieve?,s {%(3‘1 f?l I.n_the eﬁb_od?nﬁtcw\%ﬁp#ﬁfsgi%m%ér%g hange in
cel | vol t ag&°RH@! sigBrf thakis erpictast bintha Wavefountrityr botibseofi igehnki ger ed t o
be quite smakiboditdentcRESRECtH ' ' hjtline,voltage, This
is due to the,pre-crrliars_ge .volé%éghgr«ge?g&%?%gﬂg%t%?g{%jﬁth&rlﬁlﬁh{/‘eé‘ﬁ? 0 he

i sol ation d@#icare yaheir quiescent levelsgbet ishensmiedtedr Abpseictbirriralts of the

the pr echar é‘?f’é%’?"fﬁmﬁé’% o Pl B b g BB et areer
whi ch the bideperiied/beloayin dwnection with Fig. 4. For now, it is sufficient to
' understand that the 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, particw.daﬂy
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
r_eaiched 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 8&}
precharge voltage may be used, so long as they help reduce thg {'bé’_lEiBoa f
time needed for subsequently obtaining the bitline voltage that represents
a neasur enB2080%73%8 cel| data state for read purposes. FEEF/USKMAMBINE32 t he
peak level of the precharge pulse voltage on the bitline may be in the
range of 0.5 8 O 13 FEB 2007 WD 2004/ 017328 PCT/ US2002/ 025932 volts to 1.5

volts for a mehwtylGeldiisifayangeraoty@ilcidvinhasepriapga Jaterl, ¢ s Cee
Sb2 Teb5. [00296; ng recharge pulse is i m*rgdi g?el ypfolelr%fglgbglj}aég?s?% t he

cell currenf®t§:3°r¢4d | evel, which is bel ow the programm ng threshold

| evel, and conparing the bitline voltage obtained while the current is at

the read | evilgzep a refles ReR A9Lis iReR ' . stat e, of the
menory cel |l bei glg read, thg caﬁﬂ%ol tfalsgle V\ngﬁgltégg @?@%@g Frsfe theaetel | s
in the reset “SFETEAMERE FVeh&fhisdeleHdhe progreornilg thasstost atdieyelnd hi gh
resi stance, &digpatifg thi bitiing ve@hba ' Ile.ihe current is at the
read level is g?gat gr t han_ woul d_gbgsga%gécgg@@gitpg\?géegéﬁslat UeF2d RVEHE et
state. This AFrenee ¥okage-nDependiageipamihictatelnf e metrorkicell tRind fead, the

addition, du ' r E SL es. provi ded by the phase-change -
material i ngetl{]‘gdg%% %Hgi’gé@@%méﬁy %\se,%gﬁﬁ%“f cfeF%,t\f‘éaltgé‘fhetrﬁ’é" @@Iﬂha'éﬁn rent
may al so be didnigensateriahbas holatively Higle rdsigunee, itfert e HigRR EIFRMbthiS Ot
suppl i ed by el tant_curr lt’l source.. Alternatively, a constant current
source may be gggge FBHSPEW agg %I%Cﬁ%ﬁel If SaeRIBU s otlsl leg thegrase ftthesell and
reset condi twefsin {HeQB0dtafd) FixiekRh Bk YedR o iHUL rr - pul for
setting the cel | ;rr%éif})e 50 mi groAnperegv?gr%ggr %‘W?&%tﬁégﬁf or a
i

nory . :
mepory cel | 243EPRgdYe g epenigesisiiasgepramided by thephasesciGegeShatefieh. | n
contrast, t ' I i hed,.above for
The Gane' cel T hesAraAd AP Lite tEREN IEWCE e Uil QAR 87 B0t aiRR R o,

A suitabl e rassdovey e the Ggurené thaxeadurtent és negtriupalilieddyoz yoreshht catdrdt be 5
i cr oA 0 ' b licable t
ohase. change uaed AleRARATRE R RERRo SIOcE B bE S aP R RS 0 ey

phase-change materi a
kil oOhm t o I@aicus@mnideved dombdthgiet and seset aomditioange of greater than 100

kiloGChnms. The tine interval needed for the cell current to be naintained
o e ead el T, 06, L bl B o WD P B g L S 1 0
memory cell may be 50 microAmperes to 650 microAmperes 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
_ éxemplary 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 time interval also depends on the tine needed to dev_zl op
a sufficiently large voltage differential between a ref erencé %'(ﬁﬁ%g?@ﬂ

the bitline voI tage which will be conpared by, for instance, a sense

anmpl i fier. YA200440d ?ary circuit inplementation of the sePCBUSHROEIEr will
be given below in connection with Fig. 4. These val ues of course are
technol ogy and device dependent and may also vary with the part I cul ar
fabricati on[@d31dess, 9Rpfe3nﬁ EoB.r ?(991 WO, 2004/ 25932
[00311 Referri ng ;now g Lﬁ@ 7g|s shown %@ggl rcg%zl”tutsC % 28 an
enbodi ment  SMETHIEEN 8hem ﬁ?ﬁe%ﬁﬁwrb@nd/érwmccr@mw hamaacmqale«btmmd to the
bitlines 11%1thﬁ@§'11’1212 A 1?’ _Bhas IS.Clrcult

i npl enent ati on_uses Bntiel ?ﬁ%gfkgﬁng@ﬁ%%ﬁ :?%EF -ﬂq’élcdrc}éffect

transi st or s MPMICERETET pes H’é%ﬁ%y dregieheiidg saqnmmtdmtdrefbgld @éfebi0Ra i HEESS

ot her typesfostErEdalishaks .used. The description

bel ow focuses on transi s or?ﬁgﬁg‘%ﬁ%ﬁ aiagt’rrlle2 BOUBFAESt 8HSF bpesrhfand read
t he sel ect etFaggisforsmaay @lf%mtahwiyrlee 13621, 2T deswoipdion el dR83cusEi@nsane
circuit inp i repeat.ed for other |t||nes of the array.
The tining F%g? {(%E%Issegﬂ ‘%% )c(“c’) F]PSFE F‘Pl‘épleg P PERg AR GRE read fhﬁéseé%ﬂt%iécﬁbhb& ation

and drive cma:lnmttﬁm&’lwd &i&w@ﬁﬂﬁﬁ@ﬂ@&&gwe me éx?&uy‘ﬁﬁ leh{bg—ﬁ t?cgr?rrﬁ L ShOW][‘
e 0ose 0

but the design gitr ul'd be_readily

ordi nary Skfﬁqea,?q{if }é‘?‘f g@%&t ageder tﬂ@hﬂ&m‘é%&d toceomieed then wi t h
the exenpl afﬂénbilsfﬂrﬁ%f%@ L5 | 831

[00321 It can be seen th gtﬁt@ﬁgﬁgﬂét&né&?g@gﬁfpgﬁggﬁH%c&{tfoqgm §’F nal
that is appie warddnesreiot ahowa brgghe desigsuofisnghtcireuitst wOanaaeachge
select ed tog e ent i al

et e 10aeGey BIISE uRhed SRIRG LR dhe LA B ORLER AL RS
ti T transi stemndchiondeithtibe smmplaeyeimu@dhagmm@ﬂug;ta #ncCtel followignt . 1 n
this errbod|g% ss;.&qe cell current is the sane-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 programm ng current
pul se. In t{@3zhne V\ayltcamhaseatdtatﬁ@célklmmdrm(gleﬂeﬁ et By é@ 2lal that

| t RESET |
B o] Ty e el s sl 1PERS eRSr i et eding §e%§ e
control of elﬂ'lei‘ll:gflotg@émm gont thel patesial on Fiedbidlind 108_S & Jonrdtbd ent

Is raised to it
toa sutfmenﬂy iow level that aliows the PNP transistor inside the selacted 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 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 fransistor 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 isa
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 1 evel using the transistor 422 under control of a digital gE@g cgg@rol
signal. In the enbodi nent shown, the set, reset, and read curr% t @I
provided to the sel ected cell 114 are of constant magnitude (i.e.

rect angul ar YO 294¢1d/Hat i vel y, the pul ses may have non-recf"éﬁ&é?%l?’“@ﬂ%@pes
provided they still achieve the desired programring or read result. [00331
Sensing the resistance of the phase-change material, which is a goal of
the read operatpliier pratidss aapewvskios hedrasistarive bymoosharegs rehaMigkBn Fbg. 4

usi ng a sense. Ik i ' rnansi st.ors 410-418. Thé sense 10
0 FEB 2007 \/\E“gggﬂ%ig?z%‘b%%égg%%%%é}%%ﬁe FIRYE L0 Hisotrraeamelifsasur e
of ! he Ir esi ?aa&mtbtyllﬁhpaaoﬂa%ﬁm hanﬁfuot?gm ﬁ;m théBitlike %l:t_ » 245 19 R
external reference voltage e inputs to the sense anplifier are

control l ed by* F%e&CStViO(])tﬁgg'r s pEodingny B'tr theirenss ampheery ohe ageuand thels f or
the referensenseamplifier kn dihgls cadeddiolit \of hhe SeRsQnaaRifHzer, the
ransi stor 4iromarsr bk s g cines pop b chuvel pouphatlin st
pair, while paghiangldl12 bhan3iusl® SrhldRe |39 f - coupl ed
pair. Connected as_shown, these i%ai r.sc?gggr%élg-ag%urpl(g%erqréeﬁc'{s?%%@r%g&form a
r egener at i vethase @ains allEesswioupleskiranpisters fome s sbganerdtivaliif didt dnteihékneen
two input si | et : o ref erence,.vol tage) by
Ui ckl'y providees "SRy e fe Bk ek Ah 308 rRRFs bR BB BRERIS b TS

wi th ref er enged the eferamee voltageirbis gpjzkly petvidingwal indfation(dfrwiiah $s gase,

ground). To hel p. conserv ower sw tchin ull up transistor 418 under
the control 8¥ea§er&pgpﬁgpﬁ%§gﬂwgﬂ E»‘%Eﬂe%ﬁ(%eéﬁfgr*ﬁ?‘%iljg r,supgl}b{:q;wh tagey i n
ef flect shut (awhistdage sgoardpnpb heiretorwaere pbwey alshae@innphhaPirkhdiser 112_2
I s not being,read. {/&034 An ?nbo&m{:ﬁ‘h Ur_lia procesg_ using the pul se
generati on aﬁ upres Eego .19 i ' § wewolsigaal heprovided ad
oper ation beg St sEE @6WviNfle 9BRseOimPRFi8r GAehthd Qoi@%é &3the LiRiRNE12: 2
enbodi ment, the selected cells nmay be in the same row In t%at case, the

vol t ages on iSHWtRSIME fes€ls that correspond to all desel ected rows of menory
cells are raised to V. while the wordline for the selected row is brought

i Oh 19 coniSetBy to e chuciea EPAedd PO g RERE R o E ot e
col ums to bérivegircuitey ghagndn §igh 46 now desaied\\s read operation begins by
selecting one or more cells to be read. In one embodiment, the 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 furned 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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I'n the enbodi nent of Fig. 4, this is acconplished by turning on transistor
421. During the precharge pulse, that is while the transistof AHFLRH 8007
turned on, _isolation transistors 415 and 416 of the sense anplifier may be
turned on. NQRMYERE the sense anplifier itself is not yBETHSIOYEREH at
this time (i.e. transistor 418 remains in cutoff). Next, transistor 421 is
turned off, therebP/ ending the precharge pulse, and then transistor 422 is
turned on to*phoviftrr suéidentrmenificaiion by tthesdrist kitiflifleb2a 2iqidf t8fueds ti Me

del ay that i ﬁma?%élje%%ﬁ?tnt to0 qﬁ\éel g@e ? m ni nu di fferential between™the
external reféerence Voltrage AR TR G B %5k 2D '$s5fen heoglatéatl ¢adl is heersense
anplifier (wherddedby tuimingim dief fes enkbislordepengs itivity of
the sense anplifi eor%m‘ .,,féhe iézgl atiggn transistors 4_1%%%3‘12%&%:@@1&%19& ned of f
and the sensd2BHSIOry &7 2nd 4he Ve Pesn fmatd off thbitlimeni 1y 2omntbedmsiighor 11 9
| S FEB 2007 WWRI2AG~H/0 gtoda2BinREhSAAR2L0 293 s gkfd el ent
anplification by the segnse arrpﬁﬁg?er, a gi gi tal tégﬁére”r&%r%n}rﬁ% Y&f5r esent s
one of two s (e.g..set,and reset) in the selected cell is then

provi ded by @ggﬁf ng on s BXFQWW—B% the predErge ppemtiohavitonaertehe mode

i sol ation ty¥aASk ShHeSaAkbraidodkit r of.f . the bitline 1122
can be brought = back doé/n to r%%ng{aﬂ?{fp%r%g%%%ﬁ;‘tc ?@gerfecﬁh?ﬁlge%g%"ar‘tefﬁa or

pr ogr ammi ng€pdiiine PoEIBErged fomits coidsientgvel liberr gahatdevieRerat i on with

a current ; i ation. is ssj bl e since there
is no need”?%?dv\%ﬁret??g or 2 rgﬁg%glifeﬁt gég‘ﬁgggg’gghﬁﬁﬁgamf% iﬁiecaﬁf‘@@éﬁtfeﬁével
(here, gr ourﬂi)rrwnsho'lukébe qelifaLSMI ynd pedbable attalley ﬂfaglttg@ tResHSIE d%)ff%r{}e g
t ransi stor 42 that this re current, should be quite sna an
pr gbabl y snglr‘?lztgr‘:%?zﬁ"gntk? ﬁ@??ﬁ%@ﬁo@fﬁ@%ﬁ‘ﬁﬂa‘fqldtcga’éﬁlﬁ‘ﬁl thehasppioiber read
results and armaumiqammnm?e trheerddlan ehOfelédred csil 1 Uet NeabRBaSe ge
material in the sel ected,cel _é14. Nevert hel ess, the read current may be

adj ust ed basEITSH MY pe Arisied Basadhen fot mstasice othetlpeatinn efthedelectieizellbei ng
read. This adiepse] Pk usbaR f 28GRI Rarsieadh RO yay
exhibit variations in their el ec?ﬁji _ca?l %)eﬁ?a@ﬁgg# F%&%@%ﬁ%%lﬁo%%ﬁ%%e above
descri bed r Exbibjt yaraiers instheirelactmisal brhavidr cuit schematic of Fig. 4 which
shows the selected cell 114 having an isolation device that is coupled

bet ween t he [pifge- changgrimiay hal Rl Pr?ﬁé‘@:f t ' hi,s case
ground), a s[i.djn?al_qar procedur e rr!a}% abe aﬁ%fsl e t%erag%{(\)g%%@&c g%%%%%#bery array
i n whi ch t h&itcuitisshematic 0 Fig.st whidhshdves trenelertarbtdll 11t having an isolation

device that is coupled between the phase-change material 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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connected to a power supply node, rather than a power return node. |In such
an enbodinent, the cell current through the vol une of phase-ghﬁﬁg@ 2007
material would be sourced froma power supply node and sunk by a nun%er of
pul se geneM® YY1 B%hsi stors into a power return node (s®ERTE0030HYR) .
This enbodi mrent nmay be viewed as the conplinentary version of the one in
Fig. 4. |In addition, although the cell voltage in the enbodi nents shown in
Figs. 1 and 40037§ si ngl oented initdembshieninttod Fag. RONRICH BbWsk Jipde vol tage

(here, zero volt an al ternatiyv nbodi nent nmay include circuirtry that

S ows e came g s AR R LY BF B obiep Beh the Ve GF B oA GRmgd Tupur

bi t|i ne- wor dihateepaives af ekfaenaiebiereride vostaeh @@ call tLsnaki i , the
cell voltage wo:%d be c ns%ﬁglg(rﬁqc{ a di ffe?e_ntigl voI{%-g\ﬁenggg%)@gd{{ﬁ@%men

the correspoRHi Ng°BFYRY fd BN SERTE Migtinle ity of dewyaten. Isuch s 08 FEB
2007 WO 2004/:Q1a12:8 PLITEWITR00% 828932 in:E QAT R NRY ' di prent
of Fig. 4 which Z@ovg. a.sense anplif imer havi ng .at%?it:’lrggﬁleélr{]%%{}%ﬁrg)%ﬁg ei ves
the bifline Y8Fe%§ee Hd 24 SECRpRFaIGsic Uit dR meltiple eferencelavetsaky bef er ence
vol tage, { henggldd ISdEXpaRiSteleafbphonublnigye DI L. However, for cells
that can store nultiple bits of information, Ssuch as for instance by -
allowi ng one or nore internediate states between the set and reset states
(see Fig. 2)[0088tonpar al'eming rew to Kigt h widttis shewnes erflene didgeael s amay be

Fro 5, wnar CrEOehioL2 ootttk S Shlcat SRttt Bl £ o

oper at 19 2 Speostion btgiphasich pruggmomegur wlamid ol eatignrpagps v (1

riaﬁsi ng a cef’qle‘?/tS&ts;%@ BhERisingd ‘?Eﬁcvgﬁqagﬂtan‘#&rceﬂlﬁé‘rﬁeé\tﬁo‘f e Cﬁhd@r ammi ng

t hreshol d | epﬁigaﬁﬂﬂﬁfg]a&ir@ého'f@@veisﬂ"cb@eifélidiﬁ&ﬂ).aﬂfﬁe %été?é‘ﬁn@&ﬁrr@ﬁ?&elthgﬁ‘e red
e

to qui escent_ | evels bel ow their progranm ng threshol evels. T evel s

may be as deleveusddospisacentlerslaelay Srempiosrryning thieahold bavels. Shenpl ary

menory cell jev¥sohaydeteldestiibat akRaY iatd g8 Shat! he
application c?]y a &rq%chaarge pul seaci_gpe]rﬁgtoggﬁ&gﬁggwhﬁlgsgEl-tﬁ@lgte@‘rvtgi ses a

bitline vole®Fepsrymemesr el b werdcteniaticsolpenaiion Hiereptoesdsabithye t age
or cchar ge. pulges Sond AP AT Madar ot Y BLbe ot sl o o
serving to cheltage ohiheseleetrdeckilhut daes not raise the cell voltage and cell current to
their programining threshold levels. 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
voitage, 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
subsequently passed through the bitline. [0039] Follow ng the gpdlFERtAON
of the precharge pulse, the cell current may be imediately raised to the
read | evel, Wg‘}"éﬁpﬁ@‘ read | evel is bel owthe programi ndGTHiseeRaR®3Revel
so as not to change the state of the selected cell (operation 512). Next,
the bitline vpl tage rrgx_rlbe cfotgpared to a reference voltage, while the cell
current is at tHe rrﬂgﬁ 80!, Fde%PWméexnéedtaabee,ofrhg @%ragggv%@%rg%ggg: :

(operation 51fhy ifHedESS ; roe.pul se prior to raisrng t

current to read | evel s rraeyrélﬁés]lge l@@%g%ﬁ%@%@ﬁe "By Yire fark dis hacememory

enbodi nent . [¥Foa0hatis programened endirged Bcconddiay toSths RAWd di; eﬂtsbché%(&ﬁg%%agr am
P e

of a portablggRleqtHeNi€ ' fon 604 that enbodi es a phase-¢

menory storage guﬁbsl:;l/%]elnggglgééﬁggf ééllgglfrhaé’ﬁ%eaiﬁﬁfartﬁtifam apgvef memiony daviceead
operation as RbarereEnghssiormbddleatade as Ibk@véitﬁfrﬁgégé{%g%\g%%%”ﬁ% be
oper at ed accqﬁg‘.iﬁ‘%gyg@%ﬁ fr[%%u%om 2004/ 017328 PCI/ 5932° to an
embodi mrent of the Teéa prz)cess Tedt i%’eﬁ‘aﬁ@ﬁ\}éﬁegﬁl@d%bh@ghemueim 608 may

i ncl ude one dhnadomalitiesegrategaet ¢ I/ Vbasme h_die has a menory
array that is programmed and ?ead accorang 't?’écl)g}ﬁr% %%8‘6?%%18? descri bed -

above in Fi 95[0041'1]5' These | C fii es rrg(i/4 be separate, stand al one nenory
devi ces that‘are arranjga APRURRYR €4 g hedor boiameta porbbldynagiopkr andom
access menoryortPRAY) a tHIRE] i rated. w th other on-chip
functionalities iugh ﬁ%ﬁ'{t of ar&??g%@%agg‘gfgbgkg%ogaﬁg%ﬁ%‘aGﬁstl?témf & a
[ 0041] The ap’ﬁﬂb 8 . apglyheld ffJ@Pthtsuaitcénallpﬁrthml@Enghggﬁglg
Codstant, orD Deeiior B DlandafP syt WA R  Bed Ra BRbsem mamOnicaoreot
these appl i catqdsand éafapfpoewmnﬂi)ﬂtl‘@rpﬂ'otdmwh@i?@s@erﬁélééﬁ'?i‘v@%%ﬁgd%%L |

y ocessor have

executjon by the p

beon oper ati valy CREdy g‘ﬁ SR B s RS ricabeev b sthamddvomes b0t
communi cat es a6i & pensohal cabepiiee or asiteRoriass ; I et wor Kk
of conputers, g @n /?D i g rfgge 61§? Tﬁ?rgﬁilil/g%g'ia\}r]i?gﬂrg?e&éilggcﬁgé}apr ovi de
access to a cor%%g{érm%é' ﬂcﬁﬁ ?é’i‘a%HEQW ® AFERS e peeapditer patiplvarahbms, adtighn
transm ssi on spiene digitalamneftiafdiohararkRgudidl inet LALS ghtse%'tnéﬁ]ﬁr unguided

Conmmuni catioqs bet ween tEe processor and the storage syS
Tansmissions. i

ommunications between the processor and the storage system
608 and between the processor and the I/0 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 providea
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 bab%cgggpéﬁﬁhed
usi ng conventional conputer bus architectures. [0042] The abowe-~d r d

conmponent s Qf rtabl e application 604 are powered by a battery 618
via a pomeragﬁ%gﬁvggﬁs 616. Since the application 604 is¥ﬁﬁﬂﬁﬂﬂm@z%%&tery
powered, its functional conponents including the storage system 608 shoul d
be designed to provide the desired performance at |ow power consunption
level s. I n add@rioisrnodifisations #rd changdsonadbs iradetherqiordiabe apakigat i ons,

t he conponen i (o POF I rovide a .relatjvely high density of
functionalitgﬁnﬁpﬁggﬂ%gggSgﬁgggégggpggﬁﬁ%%r §Bﬁ8naﬁﬁﬁﬁ%%gin%§aP8?n@ﬁ%

st orage syst &iniBB8 Theaspeaificatiot astalmwingese, aqrotdigely,tobe rg@%@@%anl ar ge
net work serveps.,or..of ‘?ﬂerct?mg}?%triegtg‘ g.%vi ces which may benefit” froma
non-vol atil e menory device Such as the phase- change memory. [0043] 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 0 8 FEB
2007 WD 2004/ 017328 PCT/ US2002/ 025932 various nodifications and changes
may be made 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 16 0 8 FEB 2007 What is clained is: 1. A nmethod for

operating a structural phase-change nenory cell, conprising: progranmng a
sel.ected cell in a structural phase-change nenory into a selected state by

ﬁaﬁsing a cell voltage and a cell current for the selected cell to

progranmm ng threshold | evels, and then |lowering the voltage and current to
qui escent | evels below their progranm ng threshold |levels; and then

appl ying a precharge pul se which raises a bitline voltage of the sel ected
cell and does not raise the cell voltage and cell current to their
progranmm ng threshold |evels; and then
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raising the cell current to a read | evel below the programm ng threshold

| evel and conparing the bitline yoltage, while the curre 1 t r ead
| evel, to a reference vy vol tage.1\é2. The net hod of claim Qﬁﬁng@ﬁ %B%e

qui escent level is essentially at zero volts. 3. The nethod of claim1
further conprising: while applying the precharge pul se, isolating an input
of a sense anplifier from the bitline voltage for a predetermned tine
interval and then subjecting the input to the bitline voltage, wherein the
conparison of the bitline voltage to the reference voltage is perforned by
the sense anplifier whose output bit value represents a result of the
conparison. 4. The nethod of claim1l wherein the cell voltage is

si ngl e- endetliswiaifediespect to a power return node voltage. 5. An integrated
circuit conprising: a plurality of bitlines and a plurality of wordlines; a
pl ur al i t yl- &fmetheddor ppeaing s steadinalphasshihatgel@endy sel) dbi@rigihg: St r uct ur al  phase-
change material coupled between a separate bitline-wordline pair of the

pl ural i t PrOIHMHIG 9 pelpsted gpltin mstugiralrdipserghande rogmaty inflves t o store i nf ormati on
for that SPEfed sigtg Ygéﬁ a cethvaitagandeael gUrTanLiar the srleateyl aehitst cel | ; and ti mi ng

| ogic, pfijSEnunatpresholglevelsyang thenlower; EHIPFPEEN® the plurality of

bio'?: ?negHLI§§§E§%S§Fh¥V§ eﬁ'rtp{f’%?m(}\%?%ﬁ@ﬁ‘g‘ﬁ%am §% am a seFe(F:)t ggacially ionto a

sel ect ed a§fiAtda PéchakdRiphkE @nign %?s'eg 2 ¥t 9B BnE Sldere b S Of the sel ected
i Q%Pwd of & a I?ll ﬂllu

cell to BE&GiotIb B cell Wit fehtto til! Brografmihind ik Ji€ vol tage and
current tevelgiinggeant | evel s bel ow their progra ng threshold |l evels, and

then apply a precharge pulse to raise a bitline voltage of the selected
cel | andrairitg theaded eurrdnéto@abad leadl begetha pebge@inting @teEREMievd @nd hei r progr anm ng
t hreshol eeTRAGRY the bifling vellags whié the caradntlis @tthé read tevelnto atrefersace ead | evel bel ow

t he/pr ogtdA8¥-ng t hreshol d | evel and conpare the bitline voltage obtained
whi | e saj gl_hcurr'f?gtfi s at the read level to a reference voltage. 6. The

i nt egr at &d "GP O G IerRIEGAWRSSER I9vRIS etfrRibedtizeosls. s essential Iy at
zero vol §.SFhe?neth-EQ%fél£Mqﬁ%rﬁlte? circuit of claim5 further conprising: 17 Q8

FEB 2007 a sense anplifirer X |"|§1'8g'an i nput coupled to a bitline of the

sel ect edwhiRldpplyilg thE RRCADEEANIRL RlaflgahHplit &G sEh@iMprrepagrel n the cell
vol t age ihs bSIInBgbi%g@fbdQﬁre%t&ﬂ%iné’d@iﬁ\@&ﬁérv&l%n@-th@a‘?&\ﬁ)ﬁecl}i)ﬁ}ﬂ’lé Mpitode vol t age.
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 resulf of the comparison.

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

5. An integrated circuit comprising:
a plurality of bitlines and a piurality 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 voltage and cell current of the selected cell to programming
threshold levels, and then fower the voltage and current to quiescent levels
-below their programming threshold levels, and then apply a precharge pulse to
raise a bitline voltage of the selected cell and not raise the cell voltage and cell

- current to their programming threshold levels, and then raise said cell current to

. aread level below the programming threshold ievel and compare the bitline

voltage obtained while said current is at the read level to a reference voltage.

6. The integrated circuit of claim 5 wherein the quiescent fevel is essentially at
. Zero volts, '

7. The integrated circuit of claim 5 further comprising:




9. An apparatus conprising: a portable electronic device hayi rinted
circuit board on which a processor and a storage subsystenaﬁgggﬁbgaﬁ
operatively installed, and a battery to power the printed circuit board,
wherein the storage subsystemincludes an integrated circuit having a
plurality of bitlines and a plurality of wordlines, a plurality of nmenory
cells each of which has a volune of structural phase-change materi al
coupl ed 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 tim ng |ogic,
pul se generation and drive circuitry coupled to the plurality of bitlines
and the plurality of wordlines, to programa selected cell into a selected

st at e byaperisgiamglifiar ayin aw dlptitagepiedid aditlide of theseBétecddellt he sel ected cell to
progranm ng threshold | evels, and then |ower the voltage and current to
qui escent: Teyiedsatereinsut af wieint 5 whesein erreh yoltebe iesingle@ndestwaiths, and then appl y
a pr echaf*§eebiqdeWeTeiuE] node %08¢8.1 i ne vol tage of the sel ected cell and not
raise th I e and cell current to their progranm ng threshold

| evel s, gﬁﬁﬁh%ﬂéﬁséﬁﬁ%@m%aid cell current to a read level below the

D1 g1 amTh BiebIRRARNChel €Y Bhying MR TRRN okl Gy Blbh b ARl 202 oPL 2l ned whi | e
sai d cur & storegedubdyRRn r%@@'v 1&. %Qra&é%ly ifstdiE ,%E@Q%Sue{‘)f o%@ﬁgr 10. The
appar at ute pfinted @xicin 1Kba @R iR tHelRraHAl EBES8BH hARMEL o Me§oriNt i @l |y at zero
vol ts, Idreuifiteing ppiraityss bitiheLandiarplRahth 6 matdindsh g pilAalitgaf at ed circuit further
conpr i sewemory calig@seh ampich hiasea vdend sl gtradiuraippike-chantelnderizp a bitline of the
sel ect edcaglpd betwoen apyeparaigbitiretwesdlioé pait efittm Bursithesteitines bed cel | vol tage is
sizngl e- efBlAy ofpordiaspiostors informaionsey thabaallrhe pidte by bléage.

i 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 voltage 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 bitline voltage of the selected cell and not
raise the cell voltage and cell current to their programming threshold levels, and
then raise said cell current to a read level below the programming threshold level
and compare the bitline voltage obtained while said current is at the read level to
a reference voitage.

10I.tThe apparatus of claim 9 wherein the quiescent level is essentially at 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
y respect to a power return node voltage. :




