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MEMORY DEVI CE BACKGROUND Thi s . | ion generally relates to electronic
menories, and nore parh%‘l‘lgﬂm\gﬂmﬂﬁ‘m{)l nvention relates to refreshing nenory
cell-s of a phase change ry device. A phase change material may
be used to store the nenory @2t of a nenory cell of a sem conductor

menory device. In this manner, phase change materials that are used in
phade change material nenory devices may exhibit at l'east two different

states. The states may b \m anor phous and crystalline states.
Transi tions between thesm‘mm“@ \\\M be selectivel y initiated. The states
may be di stingui shed becauseﬂggi;nsg, anor phous state generally exhibits higher
resistivity than the crystalline state. The anorphous state involves a nore

di sordered atom c 10 stru f mat eri al may be
utilized to exhibit theseﬁ%&ﬁ%%ﬁ%&ggg?g%% le, thin-film
chal cogeni de all oy nmateri al a P stit e. The phase change

may be induced reversibly. Theref %re éhé hase change material may change
fromthe anorphous to the crystall Ag( K and may revert back to the

amor phous st afyfs H0&Hi8R bEMlallyQEiakh RfeldtRbBE metmdrit £ SRPRRR: JtiduBiRemat ur e
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di agrans, depi cting techniques to refresh a phase change mem)r?l/i cell

accor di njtittsde 1R sbehstinguished\ hepause,the amgrphpys stage penegllyjexhibits higheron of

a resi stanGRiGHh el PlidiheabapR Bs SREHVIeEh nord diSordbred Stofhid | OW
di agram depi cting a technique to read a bit of data froma phase change
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The phase change may be induced reversibly. Therefore, the phase change material may
change from the amorphous to the crystalline state and may revert back to the amorphous state
thereafter, or vice versa, in response to temperature changes. In effect, when the phase change
15 material is used in a memory cell, the memory cell may be thought of as a programmable resistor,
which reversibly changes between higher and lower resistance states. The phase change may be

induced by resistive heating that is caused by a current that flows through the material.

BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 depicts temperature waveforms for setting and resetting a memory cell of a phase
20 change material memory device.
Fig. 2 is a schematic diagram of a computer system according to an embodiment of the
invention.
Figs. 3 and 5 are flow diagrams depicting techniques to refresh a phase change memory
cell according to embodiments of the invention.
25 Fig. 4 is an illustration of a resistance exhibited by a phase change memory cell.
Fig. 6 is a flow diagram depicting a technique to read a bit of data from a phase change

memory cell according to an embodiment of the invention.



change nmenory cell according to enbodinents of the invention. Fig. 9is a
schemati ¢ di agram of a phase change materi al nenory device according to an
enbodi ment of the invention. 5 Fig. 10 is a truth table associated with a
row -decoder of the phase change material nenory device of Fig. 9 according
to an enbodi nent of the invention. Fig. | 1 is a schematic diagramof a

col um decoder of the phase change material nenory device of Fig. 9
accdrding to an enbodi nent of the invention. Fig. 12 is a schematic di agram
of read path circuitry for a particular colum line 10 according to an
enbodi nent ofFigsheand® snflownliagrings. depBtinsteshrsqive mawiie: adiitafrdata toh phagehr eshol d

current source of the circuitry of Fig..1l2. Fig. 14 is a flow diagram
depi ct i Ng ST ]eacf(gdl&gf%?’ﬁ?c}qém%{“%?frt&eewerf@nbe used for wite reset

operations aggnB NGhbMatknliRHFLAJi ApHke afangmazkﬁmeimcﬁ? deVitdaccdrdinigSo an f | OW
di agram depicting a technique to determne a sweep fall time to be used I S

for wi t@@ﬂ"%b‘?—fr‘%ﬁ‘f“m‘%cpordi ng to an enbodi ment of the invention.
DETAI LED DESS;@. vl is%ﬁ?{aﬁfe{ d38ialed WithQ rogzde@t{ﬁepghﬂgbﬁp%g'Ehaﬁg%mate?iap onput er

systemin accordance w e invention includes a phase Change materi al
menory 3&ndradevicsrofiliig. 8 accosding tohngmbediment of dhret inwérition. hub 34 via a nenory

bus 36. The y bus 36 i,ncl ud comuni cat i ljines, for 20 conmuni cating
data to and Fﬁgﬁ{%ﬁé%’%@?g“ a5 avﬁgf) asc%(gﬁ?ftg‘fepéﬁ CQWFEE‘:”EFWEQOWM
cont r ol ldevige dftRig. Staocadiag &nch enttiodintenadf thé indaitiwnt 0 and from the nmenory 32. A

particul ar jte or read .operatiaqn i nvol ve concurrently witing data to
or reading d58al%ssthempls g‘l"’g’&@\ﬂ é‘i?g%%‘lh CHEWBY Jorgparteular golutnadimee i n sonme

enhodi Ma&bidigY totah embodifeht oTthe ihvt@tiphase change material 25 nmenory 32 may
i nclude various menory devices (seni conductor nmenory chips, or_ packages,

for exanpl e)§igekdn 2 sehepptic diagriam of g dueynldcarent sapise abihe cireniopafiie Henory
cells. As angex ed?égparﬁrg teul j may

i ncl ude a pﬂgg'e@c gﬁavev terlﬁ?&%‘lggﬁﬁhﬁ@in? %%ﬁ%ﬁ%@g&%ﬁ@qﬁfﬁiﬁﬁﬁ‘gﬁeal,

f or exarsptt@peraticns acsondihg tosinempediaient ofdhaimdentionr phous phases. These st ates,
in turn, aresused indica A ; s ("1" and.y0Q. states,. for
exanpl e) of e%@'sl? HséE ﬁ%‘r‘%&%aﬁ ag’(iag‘fpwﬁg %@%@%&%% asPeEP %‘Hg%e t8%8ﬁ§d§' nenory

devs ce fos wnitd set operdtieds dcoordingtto tmembaatimment of the invention.

DETAILED DESCRIPTION
Referring to Fig. 2, an embodiment 30 of a computer system in accordance with the
invention includes a phase change material memory 32 that communicates with a memory
controller hub 34 via a memory bus 36. The memory bus 36 includes communication lines for
20 communicating data to and from the memory 32 as well as control and address lines for
controlling the storage and retrieval of data to and from the memory 32. A particular write or
read operation may involve concurrently writing data to or reading data from several devices of
memory 32.
As an example, in some embodiments of the invention, the phase change material
25 memory 32 may include various memory devices (semiconductor memory chips, or packages, for
example), each of which includes phase change material-based memory cells. As an example,
each memory cell of a particular memory device may include a phase change material (a thin-
film chalcogenide alloy material, for example) that exhibits crystalline and amorphous phases.
These states, in turn, are used to indicate the memory states (**1” and ““0” states, for example) of

30 the memory cell.
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states (i.e., a "1" state and a "0" state), but instead the nenory cell may
have a | arge nunber of states. That is, because each state may be

di stingui shed by its resistance, a nunber of resistance determ ned states
may -be possible, allow ng the storage of multiple bits of data in a single
5 menory cell. A variety of phase change alloys are known Generally,

chal cogeni de all oys contain one or nore elenents from Columm VI of the
pericodic table. One particularly suitable group of alloys is the GeSbhTe

al l oys. For purposes of witing a bit of data to a phase change nenory
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nat er i afctegmingd staies may papossdle, allqipg thestoyage af mph’@leshlgwé,damn afiBgla, the set
pulse %Pelﬁgrgrgﬁents a nonentary rise in the tenperature of the phase change
material. | §The set pulse 20 is to be contrasted to the reset pulse 10, a
pul se that ifssvaretywfabasechange dliayistare knowng kenerslbynpimicgenide alloys bentphase change
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t r ansf qg the GeSiBsAlloghlange nat eri al - based nmenory cell fromthe crystalline

state to the anorphous statﬁ?, or "reseg" the state of the rrermréqc,ell to
"0." I'n confPHRIPOSEHY vaRnes el dotg 1R phase chsemeromseliee crbmay B athsr ¢ he
Meor Y sagld stdr® a ™1 bit 5¥ Al £ fr iRk dmpit)\Ra 8 BirrdAEANINGINESa ot Okt P@E@efﬁdsebec ause
this tends to leave the cell in an optinmmcrystallized set state and

al | ows Vigsecuent dseStersorpa s bikefidatag far sxampig)calledeasetet pelse. Asaneexample, heat i ng
must be; ; [ o) Iy |l ' | R GE et ing is
done. w5 SAPPERHRRNInG L 2ol gl el i R B % BRE TS,
r equi r thce thepbasechangb imateniel df apagticaiah calf inglizouystdiinestate  Anshowvn thaiséti ng edge
under 1Q 25.nsec¢. . The rr K t.dth is about. the same as
reset) Phi 5(% ﬁg%?ernéﬁ 'inﬂg%etgggjsfg%(r:ge&g’% '%“r?“’u%ﬂh“é ghmaélﬁegﬁt "8n the order of
a 181 cr osecoThk deapiise 20nie to beearastédo tpyesenphlichd, apoieé tharke alsb assbelated s et

current Wi Il vary with t hase change.materi al sel ected and size at~d
Cype. ol iabediimsiihe BRGEhapes HacHil U e tevBrERBE AN MOUR h o cont act
| ess t Badtiéh, @Sthe redkigfulseQ0Rstends Fdnhhbdut find Ts iR . IMas; eheretdt plisé 10 ABy bé he
reset current nmay be less than 4 ma. 30 For purposes of reading t%e bit of

dat a t Kl 19 ansfasingphpse qhargegaterial-baseA qenepnistlyirags the prygtalline staig Otk 1 out ed
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voltage, in turn, is proportional to the resistance exhibited by the cell.

TR@s, e vred breyet theistatecpd theyaeraery g8ll tondt” Prglerably, thejsst heatingyis slowdy removed st at e,
the hi ghehseias lenladGEvs URIE] i ind N dadoEd DU LGS ubdgimd he cell is
in the cryssettaﬂc?n%agt gte, cthé@?go\@r %sft ancegt?ttattte. I't isu assuned herein
t hat t $smempenloheatipghsiedivgthdesshelbrirese thel heating mast'be'quinchedfapulidy ® awbidn its 5
phase ch e material, is..in.the crystalline.state and indicaje.a "0" bit of
it o viTORAETR Sk Blne Bl if e Witk ol A BbRLE A GRS elhgs o o ' |
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be reversed, i.e.) the nepory cell in these enmhodinents is deened to
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cryst ahhéngowdrang or i ordid bEAinferésecand fl timef ThERE AmMpeAnd the ndpaR®le@Tange
material is in the anorphous phase. 10 For purposes of detecting the nenory
st at e B¢ regetsarent il yaryowth the phase phanes motspalisplgctehnsk sizeanditypg|of glectgpdes

conpar af oy %{gﬁtﬂg&ﬁ%ﬂkﬁ%&f&aﬁh,wﬁfr‘kkorﬁ&t [SCBAY 6 0 eleld &)&@tog?ﬁ]lﬂfaﬂ e cell

vol tage pro forcing a current, such as 10 pa throug e cell. As
an exasqd spacerhef nitnde rthe neget cwpent mag beriesstharp4 mahe conpar at or nmay be coupl ed
to a threshold vol tage t.ha rves,.as,a reference for purposes
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cel | 1durreén it agtedithrobh te hteieshallido ¢alst ageltdee tqgdavelopherossthe beli. cRiis on of
whet her the nmenory cell stores a "1" bit of data or stores a "0" bit of
data. This conparison produces an output signal (indicative of the read
bit) and may be stored in a Latch or sflip-flop. The threshold voltage may
be fornmed, for exanple, by the product of a threshold resistance (of a
threshold resistor) and a current. This current, in turn, may have (for
exanpl e) 20 the sane magnitude as the current that flows through the nenory
cell during the reading of its




stored bit. In this manner, the threshold resistor may have a resistance
sonewhere between the resistance of the nenory cell for a "1" bit of data
and the resistance of the nmenory cell for a "0" bit of data. Thus, the
product of the resistance of the threshold resistor and the current that
flows through the threshold resistor produces the threshold voltage, a
vol tage that is | ocated sonewhere 25 between the read voltage of the nenory
celt when in the anorphous state and the read voltage of the nenory cell
when in the crystalline state. A potenti al difficulty with the use of the
phase ch r u f f t

reasons, V%p%% s%gh(’@gntoﬁa b p’se ree%tshmﬁge’naggﬁ bty R C%h tﬁjp ?’lmn%%%é]g
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current through articu hase change I O nenory cell to read a bit of
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cell. phous
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margin to exi st between the exhi bited resistance and a threshold resistance
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Fig. 3, pursuant to the technjque 100, for purposes of performng a refiesh
of a pdht mempRcelihen in theFystalife stanor v devi ce determines (block 1 O1 )
whet her the 4 ﬁérﬁiaﬁm&ul&wﬁlmé RAbS ihe pRaskicki %@il.el%}ttﬂ iERIADIoY a @fihberi S

within a predefined margin of a resistance threshold | evel 30 that defines
t he tranfshffqrenpm;ibmre@etxmemwﬁ@cam presbiditedy the galt talindipate apatienfar i e

the twg sta %amori,a tbléeumc aylé%ﬁ)lsét)o% i}??mmli&mgt@ta t;itg tngg,ggmoé “tor

exhibiting Fesl St Knee s resi Stance
pa3d i cuktae fromlahothéer ko ekateo Fbeammmch franwo pleowsy ssztta'cell areckellhmry havndi cat e a

particul ar data bit "0" bit or ex |biti a.resjstance
bel ow tfﬁ%S‘t%Fé*?hBid&algégFé‘F’étWé’Q“i We ti%r?'i/ﬁ‘)é‘eégzl Do deenelre BB PR Che
crystalline state and thus) indicate a different data bit (a "I" bit, for
exanple). As nore specific exanples, for a resistance 600, the cell is
deened to be in the anorphous state, &nd for a resistance 602, the cell is
deened to be in the crystalline state. For a resistance 604, the cell is in

the crystalline state, but the resistance 604 is not outside of an
acceptable margin fromthe threshold resistance |evel 60S. Referring back
to Fig. 3, if the nmenory device determ nes (dianond 102) that the exhibited
re5| stance is out5| de of the pr edefi ned mar gi n, then the nenory devi ce does
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refresh is needed just after a bit of data has been witten to the cell,
then paraneters of the set/reset pulse may need to be adjusted to ensure

t he subsequent rewite that is involved with the 20 refresh operation
establishes the appropriate resistance for the cell. For exanple, if the
cell is supposed to exhibit a |ow resistance that is associated with a "1"
bit of data (for exanple) but instead exhibits a slightly higher resistance
t han expected, the slope of the trailing edge of the set current pulse that
is used for the remmite nay be increased to ensure that the resistance of

the cell .is.l ower 0 Xhl hi gh
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operation i NRPERM :&% 3 rmys%ste& tﬁeh&hﬁ@hé 100, forlpnpr&@ of par¥dralind NRefednadre, a
| oner resistance threshold 607 is used in the rea eration 1n block 108.
The | owepattipylashenery 6ol thlemprneef demiee Briermnes fblegk lé)lmge‘hcrrfh? psistagaedevels g
,[rﬁlr, 23 ﬁgﬁagl 1%%13%% thie mEJA‘érﬂ.%h % \Q/xl!tuH %tpréd&' r?e%tn?zpélh %quesmankpﬁuéﬁ&g 'i]rg'el

30 that defines the transition point between the amorphous and crystalline states (i.e., the two states

of the memory cell). For example, referring to Fig. 4, for exhibiting a resistance above a



be about a twenty percent variation (up or down, depending on the nmenory
state detected by the 30 read operation in block 107) fromthe first
threshold, in some enbodi nents of the invention. Thus) if the hits read in
both read operations 107 and 108 are determ ned (di anond 109) by the
menory device to be consistent, a sufficient margin exists and no refresh
occurs. Thus, if the bits are inconsistent in state for the different
threshol ds, a condition that indicates an insufficient margin, then the
menory devi ce performs a refresh of the menory cell by possibly adjusting
(block 110) | ar aTet & [ ove .in, connectio

t echni que 10 rre PR erﬁlg Ctdb (ﬁkls ?Tffd £HE P TPPR Olgfssa(t‘?'@mgtih'ﬂs
read in bl OCkinéthﬂeaﬁMﬁtldhrﬂgtalmr(QC‘e’SertM siainpRy Foi elbiting alresitinds Belbiverthel
endurance is post significantl oved by reducing wite cycles. The
above- descr i Bbgshold rﬁ@éﬁﬁﬂﬂt@é%hﬁ%ﬁé@ ceth s despred ieberin jheiseystadlang state apdthys, dadjcas a

di fferent SCERRlAYata bR (a CHUIPLKG exirBpIE). AN ol Apdci it exgmﬁleg iﬁpmsg{m%w tHeS

of the invention, the nmenory device nay performa tech
techniqué in mhnmpmemtortsspmwomovhsalmr@f afesistanse 602, rtbta@hlhg dédgﬂmdctlo bt 113)

a bit froma t?esqg%l hr(l:eesltzllt IL'J}% rERdRlc¥ 6?‘? \ﬂbc 11 léamt prys%alfxﬁm gtlé 1%@'{6 rgsdstancc 604

menory cel l |C|en grn exrs ween the’te

resi st ance andndthemftibbé&h&lcebmtﬂsmatganﬁmmbeﬁre’slmld resistande lémdomper ations.
Fig. 7 depicts a techni t he nme evi ce rfor in sone

enbodi ment s of thgq% WJP5¥ ?‘Iﬁlé ¢ PEEAN| ﬂ'&c ‘?E@T"“E%Z‘?‘ nflmdél%ﬁ tthe

response to \e&mbitéagesﬁmr%ks ulfde oF tHbprBdifinkd Hhadin, ieh thedmembBHRViKe a@ésln)oc

refreshes (block I 17) the nmenory cell if suffici ent mar gi N exi sts between
the cel I10s epprferm theirafissh. Pherraseaavithiethe magsimshameraery dierine Breparettoftgyvrite the

nor mal 1 ead QRAIR) AN ik urdhs BRRYE ithr RIAIORK hARNALAYS, LA, IdHRls b

mermory device perforns in connection with a wite operation to a particul ar
menory cel |, rqsmtwmél'?@nbodﬁmomh@fs stateebil is\négher ipmesistance than 05 betdtmnhwethdw

t he nenory d er, ): er ¥%;Sha

of the m::rmrgeSlS aﬁ?edfotg {g&% {h@%?ﬂ %hiegﬁ?%ﬁg‘gl%& af1 g&i‘ﬁd épre “?% [héf
menory cel | antjmrallmuf;t&ledmtemtes%mgﬁ@ﬁ et g thet 68%in Rig¢, thel dhema@dﬂﬁlﬂised
resi staﬁge anddthe Fﬂé ﬁ ih%iéance used for normal read operations. If
this conditi GROGR3E °t“ el??rf ©'Hemory device does not performthe wite
operation to the HWeRPmanfe| ih thidrepiraticn teaRémddy tevice ridy Ry (HéckI10d) ihi the

menory cell and sufhci ent 25 marg ﬁ"e Ot herwi se, the nenory. dev
writes (bl ocRPPICRIRICRIEMALATS f5r @ WIge ¢ h%‘ffiw%*meﬂaﬁa firghyer é@ﬁ@%ed(w%uf @21

) the nemor yr&%m is héed@@ﬁﬂ?&h& @ bR UAS hak bk tvh&ér@@tzhmlngthen pahmbRsiMeen
the cell's exhibited resistance and the threshol d resistance used for

normal read YEsseipulssaymeed todeadiypied o epsiyy theisubeayenhisnpits thadly iniehvad voth thie
menory 3g i Nre@edos, é)gnaaPSﬁ'eé’Mﬁthe% ﬁ%ﬁ%%ﬁmeformecennvs.néfaﬁele e cell is

specific structur menory device 33 isS deplcted for 30 purposes of
descri bi ng ssweossdito @cﬂnbmmlngessmr@aéwn@dtv\sﬂm “It’ it off dete fifor example) hug

under st ood Cﬁ?ﬁeaa"e‘xﬂ% ts 30prdly i SHeP AbisRhde il UG iR the Jbopl 3 fhe tAfink 2epS SPRE s&

the inventio
current pulse that is used for the rewrite may be increased to ensure that the resistance of the cell

is lowered. Similarly, if the cell is supposed to exhibit a high resistance that is associated with a
25 “0” bit of data but instead exhibits a slightly lower resistance than expected, the magnitude of the
reset current pulse may be increased in the rewrite to ensure that the cell is correctly reset. After
adjustments (if any) are made to the parameters that are used to rewrite the bit, the bit is rewritten
(block 104) to the cell to complete the refresh.
Alternately, instead of waiting for a bit to be read to determine if its margin is adequate,
30 the chip can be periodically commanded to read all bits on the chip either gradually (interspersed

with other reads or writes) or continuously. This intentional refresh can be done much like that



defined by the appended clainms. The nenory device 33 nmay perform one or
nore of the techni ques descri bed above in connection with Figs. 3 and 5-8.
As a further inprovenent to experienced reliability in actual field
operation (though not in worst case testing), the nenory device 33 nay be
programmed to first read a bit before 5 witing it. If the bit is already
in the desired state to be witten, the wite cycle is skipped (but only if
the-margin is still adequate). This will inprove field reliability because
reliability for a given bit is often related to the total nunber of wite
cycles i Li u 1 j & t gt e that
the bit ’?’sqgwa S%hzll;:c det: e@%&ﬁégﬂbgﬁéé%\é&glgé% f%H‘}w t\Rlxlfrllg esqea?iggorl ng

t hat reqmmfeafmxﬂrsedoedujfongD@mM):dl’h‘elcbumtmg ofitimgica b ddne ionplieoahdp (selfi abi [ ity

since ar 10 operatign has far | ess effect on ex ced field
el | abi | FRLBrAAL o SR LY ghe FRG = e EREBaNHEHI S ofe
i nventi aRe cm@ d@teﬁ{amm%etm@ nfPRtIbE UMl Iah @ refrésHed Mneb@kary 8 Rhevef M cRipRE MUM

reset current’ necessary to wite bits in a block may be | ogged by total or
by per cerevgepd upOnce a certain number is exceeded thereafter the m ni num

reset currentg a%F d)@ﬂ’%%‘i’ncfré’ e@xﬁc?e%ﬁﬁxqf?%q%exh ke u?e% dﬁﬂﬁé ﬁ@ﬁx‘%ﬁl deQickR

| evel . Prefer e resat current t at t m-ni rmm+evel
and, espeftéshlalpgrticalar memorygell. oF srgmigtosestod dbletrr;mmb evhether entffigiedtimdvgniincr eased

in small i ncr i S satlsfacto |y witten vvlt uat e
v gi . PTG RE Rl teipd e B ke PR oAl bt bl tels e

depi ct ededdropkragon (buck TaY) ikevhichexfirsiahretiobd usel tb detesuing thelstatet'e? ol ‘@”pef used
for resetting cells of a ‘ifﬁal cul ar b] ock, The term"block"” refers to the

smell] esthesmemery selsand g secordfrag oprsatiqndbiork | 083 Huyhich 3 s¢orpd. JRQSE FESEWHIX®r (a 20

compar aifdbver rfngxrguﬁ)ﬁﬁ‘ég%ﬁ)ls uded td E@t‘erﬁﬁx@’\ﬂé §ihte of e me ORI Yhidl@vhite, B3 resets
(bl ock 702) the next cell in the bl ock umyég a predeterm ned current |evel
¢

for t he firssgwesholdds the iresfstanepthresheld thapistused bydthe memperydsvice fepormapegpd i cul ar
| | | t
cel | “and, gsf&l ah&fﬁsx %ﬁgﬁ)&e gﬂnﬁggg&%& &Qg?fg'ramag \%’l’/adr w&x%ﬁcgjs%&%s éﬁjf»l{a# en

| evel is set to her ea uste
subsequeqttmaéitdaénpftra;onasTU'@@ucdhb@deweismphmll)d@mmdbe(Elg;élaeMmg e m ni num

t adj ust bI t
P3SE CHAEEN: Y B0 h S ARSI, A BEL 0 Bl PR DR RGN 0
(di armnd:vé'lC&o)S \Ametnherv tirégen resd, enudtipllé ¢mparﬁtorsrmagbmus:ﬁmnd t}tchm \roasgt
oper ati an.

Do L btoob il oo SRR el BB b R b o«

(bl ock #}&holad(taRRLERRA @Aueeﬁe with@lternfte nRegihn ﬂ'hfsbﬂirbﬂﬁther&&@tofﬁhﬂtn@méacﬂ evel .
In this 30 manner, the nmenory device 33 may include counters 409 (see Fig.
9), eack Qﬂe"Wﬂcdf‘P"l”é'd’é‘é’%d’Y’Hf sdeggedie @%&Yﬁﬁcﬂma&?r‘reset current range. By

i nggenment i ngo&t%lﬁng WRARHhERhEmaRiNE:Edts lsta&%nfbﬂgf{e@ r&& thetedd dpefatidn of SMEL | Ci ent
to reset a particular cell and ensure the cell has anehf propriate margin is

| ogged. 1@&intwiich psgeanddhreshold lexel i yed gThim eecprstithesshald faveldedingssthel boundpms et t he
cel I's 1 grite Bafehd for' b, micﬁgk%eﬁ%m%tﬂ%hﬁ?ca%?blpeve?ﬁ BEfodeRH. %fieC' si on

of whether to™ ncrea e mreset current Fo r exanple, the
menory davipte i3 wadomteition i bleck bn7aindm=dc57tnﬂ9clhmetthemnambomafw @dwighenu rrber

of ceIIshve n e n .current n
cur r ent PR &o&d’g@ (E ! gse% hor rea eo\;/n%r%é&ygsbl kqla? S T}‘gﬁ%hi erfg})olég
m »§ rTUmi(mﬂeﬁﬁdE};tthé o barky ©F a hﬁ%ﬁ 6mpdf afe waﬁs:pa-ﬁﬁbrslhmmk 10Miirmlidares zheeBdef | ned
| ocation jn t menory device 33. For this predefined,| ocation my
be a. r O UBF ryRlHe SHirap 1aEEaeSr e UbPna E0RY Gt PE R SABEITRNBIN) of 't he
Menory RV iThe Johkr threshold 607 defines the boundary of a lower margin 614.
As a more specific example, the margin that is established by the second threshold may
be about a twenty percent variation (up or down, depending on the memory state detected by the

30 read operation in block 107) from the first threshold, in some embodiments of the invention.

Thus, if the bits read in both read operations 107 and 108 are determined (diamond 109) by the



A preferred sequence nmay be to performa wite reset operation at current
X, and then 10 read to be sure that the reset operation is done with

adequate margin. |If not, the cell is witten at (I.1)X, and then read to
determne if adequate margin. If there is not an adequate margin, then the
cell is witten at (1.2)X, read again, etc. Hence the reset becones a

series of reset sweeps o f increasing current until the bit is witten with
adequate margin. The successful current is |logged by increnenting a counter
for that current When enough bits are witing at a higher current 15

(addi ng all currents .of ue), the t starti current is

| e emandSORHIe R et eor Ui B Rt e BB TE e dfih e

non- vol abitd &e RtasEstdnh aN@Re o2 RN différent dhregho ks ad cdh@tWoﬁ-GQEEﬁﬁ:dteb)in IRefHeRmer y
device 33 and not by the user (other than for test purposes). Simlar to

the sett FHEgiBfhenike pegery devies reslormya rediepholdbemegeryicgli by pgss&émfbtws. n Fig.
15 may b v

oper at i o i e ReRleer =y Bt bl LRt R Whnidlnpralo, o))
t he fAext nmtalnhg (btoc;k 1611 ptbk ravaitmg ofithg b desdan hlonke di0% wtetepdlﬁahmtecmsw writexiseach

initial artlcu and establjsh an.acc table mar gi n
for the @ frf‘ f‘ﬂ%e %@igﬁﬁfa%ﬁ 5 oﬁes’%gcan{lytmop mve%tb ?f{?ﬁmtgl“%t CEEt her eaf t er
upwar dl'y adj UHieQdoveac&sd'ﬂﬁdfdﬂtﬂdtcblﬁh@Ns 1@csarmememuabed ubed 0o, vaiirg offtiiffergsn ti me
may be ag usted after all _cells_of the bl ocﬁ%@ne witten. 25 Next in the

t echni qu enazes. Fofsxampigrglegmgite £183% 1 &R AP Pt Rfcke Py antioR, e memary e

mar gi n i gevicdnfdypeMbrin a lebhrligte 112 NBehiRfR i *hich lih PRpérse i 1BE aRuRAly dbliqck 786),

and control refurns to block 782. O herw se, t he menory devi ce 33

i nct@nenteadipg,binck 1790 bitfior p presory ellethe gRemoEy deyery rfqusbcs (block d14)dhe t he sweep
fall ti i bits
bre in Chempy sl ERERLVmARH Sfcbinflh MBSt AT ahd WAk IS DL e

t he menoresistaee s fB()mﬁ@aUea@mramess (di anond 794) whet her a significant

Tha i i mum SR daer e it | Bl e ReRERR il pertorlyn iR of ™"

(bl ock 7:963nvéxhems bethp techtifuet I 15pthandmetyodeg e ih résporish € wating gblmkdes;t bl e by

the control device 419. Thus,.a C r. set beqi e current
i o Sromgicafer b frampmpr g e @nE e € L s Fimorg Pl el i G o
unsuccessebwie) tHehell'sekhibit@apsistaice ahdthe geshakiaesidtinte uidd B6rmbf rebdii s is S
unsuccessful) the set current is increased by 20% and then the set
oper ati cPrl?elia‘s‘m?Sepeat ed at the higher set sweep tine. As noted above, a
counter 409 'Fﬁgse %Eﬁn&gﬁﬁﬁtﬁ‘&i tdefinig6d | BAhatthEmEH&S ASHkdperforhs B ¥onhdctigh RaLHET
than mnimum Simlarly, the set sweep counter 409 is increnented if the
am)unt @fW@EPP@I@w@nO?PH@C?@mﬁE?@&%GH squefy erplpidRems Pighs aMentior- &bthe| evel s
q(oevedem uPY18the aa@cefcﬁ; clrmfn'emmnmﬁﬁ ttw) »ahet@étmtlaté mbnBE #RdoiSi Ng a
peak current’ [evé |cant l'ess than t reset peak Current, the
magni t udke roémeryicell t;wpnemnt ath\ilagr ble@f dan R bbwnaﬁrywdhe memenrcel and e hufﬁsneng
currents cesshyel Dalbiled! sets
t he resi sa? nc’é’Stlsn ré’édlhrgn%)%l EI n Le(ei ’%‘fésg‘%“?%%“r‘g%g‘é&” ?&Sdhéc B&g??r e& h]’g{;ﬁﬂrrent
is foundcada:pa@umtsellf ths yomtitionnis rreeyehrnable memerynioviee does @bl pegfonh tst wiritei ng
current efined f at block.or c asstar ipitial
current OHT’X‘I‘ regmry(g?lflaﬁ € GRRTCt PY S ASA ysg{jgcg E‘T’ %me)?ecte l@ﬂ??‘gﬁflen nd
i ndgxi n%&?WlstErOmemsé R Remdrl deviécaeitas (icki 130)6 hewd bit tetha kieinoredl1
witing multiple levels into the cell. In some enbodi nents of. the

i nvent i @ refieshen ®lackd2dl he mementgeil Bt nesdesig SR HIPIBTEE PR ESHEFMESD

secti onypfc.[IRRA }éntém&us@&%ﬁ& 1 thrbheRiedidark@ IS br noHASI BhdbgBloheS et

current 1s ound‘ that successfully wites all bits in the array with
adequat e nar ign9 dephéts a putiewartmereory Hevice 33afdheqaemern 33 deepsardancenwithsome

prefer abI % f u h@t;,ﬁ i ) the 20
m ni num ’é‘é rsn\%}e%ogg 6’”35‘.”3‘ thgg&?oun trgﬁ%ﬁ)f'tﬂt}tﬁs c gé‘g%(%?a‘?ulgalgt?& ?ée‘set
cunpent pﬁﬂpaseswfhdscﬁlﬁhg Sinte dait bEminy ﬁolssablblcmbkdun'fhelo)'th'e ivengdrodeisi s i ncr eased

referably by 50%to as e adequate margin for, setti bits..Preferably,
Eoth set‘“‘z‘f\ﬁéy thyt &H?frf"éff ‘rfffrleﬂ‘é‘ ﬁafeﬁat%%’g&tff‘raéﬁte Séf’%e‘rl}ﬂg%t?eﬁmﬁ‘f‘ % he fact/ory

at both high and | ow tenperatures. This procedure is followed for al

bl ocks on the chip, in sone enbodi ments of the invention. 25 The nenory
device 33 includes nenory cells 140 thht are addressed via colum |ines 130
and row |lines 132, as can be appreciated by those skilled in the art. Each
menory cell 140 includes a phase change material whose state is controlled
by wite preset/set cycles to store an associated bit of data. Al though a
4X4 bl ock 139 of the nenory cells 140 is depicted in Fig. 9, it is
understood 30 that thls array S|ze i's used to S|an|fy the proceedlng

o ”~ ~ o o o o o




particular menory cell 140 is selected, its associated colum line 130 is
driven high and its associated rowline 132 is driven low, a condition that
causes a current pulse to flow through the nenory cell 140. It is the

magni tude and duration of this current pul se that establishes whether 10
the selected nenory cell 140 is being read, set (via a wite set pulse) or
reset (via a wite reset pulse). In response to address signals (called AO,
Al, WBO and WBl1l), the row decoder 124 selects one, two or four row Lines
132. In this manner, the row decoder 124, in response to then a address

signals, selectively drives row select signals (called X0, X, X2 and X3)
| ow to sdsfiped bylthe aprendnd olpime Bfe merpory davice Abmay prfonnonepr meeagflites a certain
combi natth&lﬂi Qs @Q&ib%g%&z%%%%&@&@. Eig&‘@ d?@.e row decoder 124 to sel ect
two of the row I'ines) another conbinatidn o he addre ss signals may cause
t he row decodera fidHertapetmai taexperddncedieliztoliylin mesal 1igld operaddbm@houphnibt nat i on

of the address signals, my cause. t royw decoder t24 to select four of the
ow 11} ndl WP cosg (R MG <6 4 G b° PRETTST Tr RN 1) 132 1 ow
thi g enafhifg if If 8246t alhdy A 1K/desPed Rat@ EOBY wiitted, B0 woilecyele iFDKifpdgHRI Y cel |'s
| 40, depending on the selections by the col um decoder "122. e col um

decoder opbyaf themargis potidladeqyate). sThig ] imppaovedfipldreyability becansmreliphjlityifer 4 cal | ed
A2, A3, i I b I 2 and
%5 g ot otbitdiah e AR VIR, o hodeitiel B A0l reubu 1 TC
of the eoigmmadilterstaisitlph theditiisalthaily wrasidegtminedley apreredpefute wgtecol um | i ne
130 has.been selected.. Sim.l ar to . T er_ 124, ..t 25 colu

Goconey 1E9he BEt EENSEsnertdlting tnd Conffink WA HE SR Fhord g forie€ S et

sellect i operadoriHue f8 0dsk Bffedt binexperitneed feldaeliabitity chagpaddro A 32itaogkrition. row ti nes)

132 by the row decoder. 124 addresses sel ected nmory cells 140 and nay be
used to addr &%’"‘é ehbgdimenss °?ﬂ'§ NSRBI ‘%‘éﬁ‘?f&“fﬁg‘? °H’—‘I5’¥““bm‘ffb‘§\§r§“ I reset,

cont r ol kengintren tdstfruRtemtined@EnfldWrRB bits inhWlodkmeaylbed6bck®@ by Rtaldpby r €S€t the
30 selected nmenmory cells 140, the columm decoder 122 receives signals

cal | ed EXIENEISeaCSERrBinapmbenisexasededshopsalier; thgyainimun seset aHest sitempad | ng
sl opes) fdrQlresaflr LR B inEQﬁgedg&L%séqul. PRIGHIE thetdet I&Ieh%nmmﬁi&ﬁgﬁe' I Sg s) .

In this manner, when the SET SL signal is asserted (driven 0
exadbpl eminimumigvel agg; espscighy fog frying to tepet thedhitthe ciment il ba ereagadan smalh
trailin . . . G | r below, that is
preferaEIcf/‘eq%?tesg@gfrtnghgﬁsthg%&c?\%é%a?lgrgﬁta’&é at%g?tlgﬁ]a} Iz'dge fall tinme.
Conver sel y winenmt ambeditmeBk GPhe Sivgntain, a techimquesOnhat i degicieden Figo, rhayr bes

exanpl e ri a wite reset cycle, .the colu ecoder 2 daes not add
Chia e baef i Attt b RRe T HUeB sedfoefie Ui o SRR SR nEARE ¢ e
reset CthisckMirefers tditha sinaltdst setufonaudgiee hmbrasryidevipe thawesharad y tresh6lidisbmsar 0 nsec.

The QUENCH signal is e o control the tine at .which t se r reset
pu?%e e?Pd%p.a“’It%’ g’ﬁF’é""ﬁﬂ%ng’It ei“?‘fﬁ?’ggepjé S@Wﬁﬂ%gf@j\éﬁ@rsﬂ%ﬁmk %%qgr‘l'be asserted
(dri vennpdit g infusy bleokaRIg@)predeltemine@c&raint el deanE Rk et logera®oi] SFdr BEchGHitiRE Nt

reset/set pul ses, Conversely, in response to the_%E CH si gnal bein

deasser '&dpt quéseéépﬁfﬁﬁ‘_‘léféfﬂéﬁ esfaplish, ) %ﬁﬁs"%%mer@rw hthe celb e@fetgwevgm ses
(i f ocClidlid\@ tol OminBifich T8t anklibtSeatiePEpvidedlly BRIt d fof AibkediN: dMempRes to end
the slope established by the SET SLOPE signal during a wite set cycle once
it has grserthed below. 45 descnbgd below, Shegpiaimyry seset| quitentmaype ediusted afigrablsalls 30% of
t he. cur t i 0 reset a bit). 15 The address signhals that are

re%sei veﬁ@@blg’ﬁggkg@ﬁf@4 and colum 122 decoders may be used in a variety of
di fferent waABertresesial @docki102) e nextyelt,ahd merhdy .devise 3hdetoraningds édiamomd 704ast

one possj bl e enbodi t, Fig. 10 depicts a,truth table i 10Q thaj,

1T ube Pt ke Sarumeien B ater P Sr-Etatiroy; et B monideii 4 x i g

r esponsiicregey MlocR D6 pthat@fent Rellahe rerddls RIBodteoRdO IR tife ABnork dévic¥BO and
WB 1. As shown) when alt of the address Zgrgqnal s are driven_ |l ow_(indicated

by t he Pgnerements (rleok 710hanAPpHRAtS FPYUH IR &aS thoRrgRl otss CHFNY levple Ithis ow
se{gect Si I ; ten a0k i . is hadiyidual
R R R g
depi ct ewith mpatndarirestt ofirentyange: hyhneraiperting 1 apprapripts eeunterethe suirem thabys t he AO
and Al signals, it is noted that the WBO and WH 1 signals are driven | ow.
Rows 5 and 6 of the truth table 110 depict conbi nations possi ble when the
VWBO signal is driven high and the 9




25 WB 1 signal is driven low. As shown, for these states, two row lines 132
are selected, and the two particular row lines that are sel ected depend on
the state of the A 1 signal. Wen both the WHO and WH 1 signals are driven
hi gh, then all of the row lines 132 are selected, as depicted i n line 7 of
the truth table 110. Ot her conbinations may be used to select the rows 132.
Fig. 11 depicts one out of nmany possible enbodi nents for the col um decoder
122 In 30 this manner) in sone enbodi nents of the invention, the col umm
decoder 122 includes drive circuits 150 (drive circuits 150a, 150b, 150c
and | S s_exanpl.es)). of i ' rated. 13 1 4.h i {ferent
col umm | furgfzmirgéq e Etgg%% ﬁcgﬁf‘%’rﬂ ‘rj:é\lrt\;sél? J(}f] '!f g«:&ﬁfﬁ;ﬁgaﬁ Rrggnfi’ P\%ré#}q e]é kfggf: Qp%rt%bss es
of sel ecinhiigr,dy@xarsiamigniy ot of curgndakal 1b resm thaeelBlin Aparacal Hisck, He nodmad S
associated, colum Line 130 in response to a signal. that is proyided by a
decode cf§viGi’t mMEydhen\gie F‘i‘i"éﬁ I“E‘F'Ih?, t°t"|'féead"e@g63m8f“|"&{fﬁ‘ Cigﬁlt:{‘?é’fgi EAds the
col um a&dﬁ%ﬁe?tb@ InfERRIP dedoe 3ATay\WBrAine (MBRomi T 4) WhaBeEFaifGAtRuit 2! S
cal | ed DECYO, DECYI, CY2 and 'DECY3 that are used to activate the decode
ci r cli t scellshrye begDioset 1502 a swreent Bauis higheghan the snymumscumentdgalplfso, therethgr i ve

circuit IS Y ' : ' si gnal
by’ the. dBaRgy BEEH bolop " ERNEGhn LR RRIEH b} Rl Sperblifhe i figesy 10
circuit thisGn apredéfined ldcheorcintiumemyryidheite 33 Fdrlexisipletting predefied.lochtibn frowy t he
drive circuit Oa. | n partjcular, the drive.circuit 150 may include a 10
b channdie 4Tt t tiatopl/ bR bl adpie Srepl AP Dt pReiephbrer) 154
that has its ASprdferred tequsice alay®e wppeefdrrh @ vaitp asétlopEtivPhticagent SRR hehcal | ed
Vop) and its drain termnal cqupled to.the source termnal of a PMOSFET

15810 Thaera PR syre that hEresst ORERECPITISREY !t 8gequplh marg. [fgok fiffellds votteme

col um Ieh Bex 130 tHeP Pdad 1S d@SeRsd iRb@Quitk hiardimelr Heke'iS nbi dnCidbdualeBargi hegat €
termnal of the PMOSFET 154 receives the correspondi ng decode signal 15

( DECYO, tmeeiis wikaa (bR)>Dredpain, qio nilense thgaesstieecemesseries giyresenswenps efanypl e,

o L S bR, AR IRl 108, RICRTELARA as s

exanpl e)bytirimemmingeeoim&rrfgrphﬁ leurpént.t WeheP iR bitd &ré wading atd Bighercurrergnt t hat )

in wite.cycl i s established the PMOSFET 158.. In thi ner, the
gat3 1 oiheRiraeTLRe srnERichians RS, M oG BERE e intmbed GRAREC L | o
S2) t hatwrizest ahisf infohfatidntvan BOstoied irethe nbdvvalala phive chaige armdiwinm spadist rofv t he
PMOSFET | 54, the source-drajh path of the P FET. 158 and the current that
flows i APESEREY tedprmary El“‘f:%b "f’ﬁ?’e&i%ﬁr (mm}?@te% BH’F’%esgr ai n paths of
t-he PMOSFETSSikfithr @le iBngdfRhSrsdt alrkent, a@¢ihhRyde v8WBLINES depibtédintFig 16qhaym | i ne
130 during the wiite operation. As described bel ow,  dependi ng on the nunber
of menpP§used|tp establish a grrimum ’gﬂ SEEPAIRMGT & Woike 5hPRTF P B sshRiars 89, 130,

t hggcol Wi 4869 d6ViceliseRUbldek $825 R ROt El 8100k u§i5§a préd&baiadd skep B each
activated drive circuit 150 provides nore current to its associated col um
| i ne 130mgh&pr caphintiataitgmpidd pof a paticyarcel apé extabdisie an apeeptpble mangdmioathe bei ng
witten g I : ! L$ being
wri 1t on < FER WREDLARITECR o o ERinithd i FLAEH BRGOL AL IS ool 0% 0
per col betowl iAseleskc8bed bdlew,abé mimimus diorbenayliz2adadied sfier allnslgof thegleck ame of t he
S2 signal..so that nore current is applied to the selected colum |ine 130
than whéh Slie or two menory cells per selected columm line | 30 are being
wr bt en. Next in the technique 780, the memory device 33 determines (block 784) whether the

margin is sufficient. If not, the sweep fall time is increased (block 786), and control returns to

block 782. Otherwise, the memory device 33 increments (block 790) an appropriate counter 409
(Fig. 9) to log the sweep fall time. If the memory device 33 determines (diamond 792) that more
bits are in the block to process, then control returns to block 782. Otherwise, the memory device

30 33 determines (diamond 794) whether a significant number of bits have been written using sweep
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14 For read operations, the drive circuit 1 SO includes a PMOSFET 156 to
route the read current to the associated colum |ine 130. In this nanner)
the source term nal of PMOSFET 156 is coupled to the drain term nal of the
PMOSFET 154) and the drain term nal of the PMOSFET 156 is coupled to the
colum line 130 that is associated wwth the drive circuit 150. The gate S
termnal of PMOSFET 1 S6 receives a current sense called SI . In this
manmer, simlar to the S2 signal, the colum decoder 122 adjusts the

magni tude of the S 1 signal to adjust the |level of current that flows

t hr ough r he
sour cedr G iras WR? uEH eI MR SDE TR D, Bed BEERRE R@ sk D e
pat h of (HMRWEE?W%&IBMC hrttﬂsmmd it mthé mmohBﬁcesmbleEa{dhe dmtmédmweeuet 1 SO
may al so incl.jude an N E at has. its i n- soy ath coupl ed
bet ween t he aS&6dt sy aﬁfﬁt fiet™ ?tﬁléeﬁ"gﬁmdﬂ’&"ﬁ%uﬁﬁ curlrﬁ’ét &Vaf ‘e f@f’}ﬁ"ﬁal of the

NMOSFET  dfadifit ex@hpl€ Sf PwhiRSSinsGédgssall, tﬁeeét s@eepREPhhdrees tige dly 20RAMS ihss is
asserted (driven high, for, exanp ‘ter a read operation to discharge

energy sWBkegssiitlche ?P‘ E‘HEC"&%%F*F%‘%Y& > 3pf hep dhe Sehoneraiign 1sxgpeatedst et hough
an exanphighe ket 3w tﬁhé Ckls ROLIRVE, G cHinPL A9d atrehtaﬁxe&iw eéﬁe&trtecsutéestmxSOa I's
depicted I'n Fig. the other drive circuits 1 SOb, and 150d may
have si ndurgnt lﬂgsmg!rﬂaan minirswire Seniolyi te set swedp qo}qeter #ﬂﬂelntncmmen@dhéﬂledem gns
are pOSS|bIef the rive cird eaLs of .t he
vent s oo uftb et i e (nGickl, Forbids il Dy s ATRT R ARU bk 38, < o

t he i nveniresnd falllhine; bhtthiya 29 fdbiodard kg alpmalt tld'&ﬁt leinel sfgnlflcamdynigssahdrCihiet 1y .

Thi CI rcui tgﬁ% i ncl udes a.PNDSREﬁI’ 186 t hat. has g e term nal coupled to
grolthd. TS¥FLPeal GPTent ths Mpsnifude pt Pl SUmRRbis i ‘13‘63 ‘garc\f hfwe@a“tabc dSP8si ti ve
suppl y \eQfrbiRg QuctEssivep GesyHan I rea@dintinecutiieni i8 founE hidd 2dts BE rdsheanbMaSERmMeEE i S
coupled to the source termnal of a P FET 184. The gate and drain

t er m nali8 therdesiredganagrOnerthe desingd gurregh s feund; o GRS May §€ frgrsmeatedispe mypre

S' gnal xﬂi@l‘ﬁ%&xt%ﬁﬁiﬂg'&ﬁh&t?x{ﬁ veliefned FoHhABIdR oPE‘tﬁp,t&PHEbDﬁLmQ% (e idiial €Si stor
The other termnal of "the resistor 188 is coupled to the drain

ter M nalcuwsént ah! Qrieeaenied UNOBRE frequanBrEersfullset cument, addndeximgdewerdeon er ni nal

coupl ed N&gﬁ ves a signal

calullged \}&f%%g{}%u@l? 0 tg %ﬁ’ééfgr%%%gﬂe%tlw&n E&Tﬂ%ﬁf’éﬁﬂ is asserted,

t he NMOSFET kSstmeembodineptsad thtahentom etithb factdng, thﬂe@msisamxaetbl’:y blhéc fasi ster |

88, a curr that | ows F 84 a rrent,
U o o R ek b of bRy WAL AR ol oMo ThE it e Eltrenl 1§ Bufd! ([ O
t'he cur ulfam:uctémmlly iwmws atlbiww ingthe buiney veie meqwh maxtgumtrhlm cueentliS then 1r$reasé|'dne

ranner . ° LB EMBHERY Y BPRE PrbBrea i Rtnde Bl ot aes |

i nQbude&mtjhfuﬁﬂseswétprambsa ménrfauhdt&m%(lmach&%)batamfraﬁeeuneﬁhmadwmrfsemnces
bet ween_t he ﬁ)ul se clircuits 200 are establi hed by the vat ue of the

resi st ahtentheddockn Jhendhisisigrs |s ipcgeased gt el eSO todtes FeAue BRTEhOTNVOSFET
194. | nsddichiR. PRIASElY, HollfseP SPRE slobé faual:tn@&@lbegeea@fewﬁe @he%kélfﬁltheoﬁétlo%ﬂ Ve,
and the slope circuit 200c receives a signal called W1. Wen only ore
menory &tdoth mman%lowdemeewcﬁ + Ehis popedis i6 delloyved §orakblockn en tpehipginl spmene W 1
si gnal aresult, the pulse circuit 200c is used to set
t he cur%‘g?t(?ﬁtﬁ F‘tﬁ ﬂﬁgmg’gium line 130. However) if two nenory cells 140
arésto be vvthtetraﬂnqneldeBed Femelddesaheamnry Lélisd 4Q that 80 addrhssed Wotchluindingg | and W2

signal s e asserted (driven high QA hEX4 I g.ca tw ce t | evel
of curré%{mfjéo‘f'l%ﬁ aff %ﬂgﬁa%?ﬁ&me({ hosss lfb&’p%'g go% mem?r?'ﬁee]p}t‘gb

wr i t t eninklidesghabd\ehahied Mifteridl Othosastdte neoax&med b, wirineipresapsa cyclesab sorel£) per
colum are to be fertten then the W1, W2, and W signals are all asserted
(dri ven2SPHed pibpt 43 npl e) to cause additional current to flow through the

sel ected col Angbubh BaK4 bRRK 1396 the flembA@8S 140 isibAck® s BEY, &t id BfebsfoRpch of
the pulse 15 circuits 200 have the appropriate values to |rrpl enent the

neé@ssathyt thispary sigeisyned tagineflify the Praspeding dispnpin- t Fws.pbe wemenyrdevice 33 200. For
pur poses, t ng g8 oRf celihpgoset pul se) in sone
enbodi rre f,av@% @Eﬁ&m en %Egﬁr%géﬂhﬂégose C|0 Cclﬁlft ZO(S)O i ncl udes an NMOSFET
190 and a capacitor 192. In this
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manner) the gale termnal of the NMOSFET 190 receives the SET SLOPE signal,
and the source 20 term nal of the NMOSFET 190 is coupled to ground. The
drain termnal of the NMOSFET 190 is coupled to one tenninal of the
capacitor 192, and the other term nal of the capacitor 192 is coupled to
the drain termnal of the MOSFET 194. Due to this arrangenent, when a wite
set cycle is perfornmed, the SET SLOPE signal is asserted to cause both
termnals of the capacitor 192 to be coupled to ground. Therefore, when 25
the MOSFET 194 de-activated, the capacitor 192 introduces a tinme constant
to produce t trailin o) I 0 e se may
be controll eg‘g\c/?na‘%tsﬁe %gfﬁg‘*’% Pb%c%ﬁ%Pﬁgﬁc&gﬁl@ﬁ ag?og%é%%th% £rﬁr%lgur%%t é)h{%% cycle
early t(binsmw(al&blcil&:dtal“lbﬁ lindhand epaticyjatlree ling 132, ead ed abyyvdiieawf thg t he SET
SLOPE si gnal sser nd the end of the r t pulse is controlled via
the QUE lgffﬁﬁivma Cradram WE‘EFWQ“% ‘hﬁmaégﬁﬁaawmhms@omtr%m on each

col um & aiefllihe Methdrylchi 1 80hBE doRpled @liichséRiafiSehiend RY Bot84 ma?%l on of
the wite cycle trailin edge in under 10 nsec. 16 To generate fhe S 1

si ghal terpiesttbriekghswhat irectfestirelcadipdn 42 (preferatdy 4 RIVP dénodasduncliop trpnsisterdes a

PMOSFET dits
gate teé ﬁﬂ“’f‘g?téﬁg p%’ga‘g?fgﬁnéﬁ’ %%Ek&%r%?oﬁga{@rrm‘gﬁlﬁ%%? m*g‘tgb%%ﬁﬁgzso IS
coupl edpiroculdrenesmoury ccﬁl t4drissabextedoits msdeMBEF@un2Gihe IBlogs Q}mm lﬂgtnbndnm n

term nal s of P ET, 232.are co to one term na stor 236
and 1 ur FRRe Vg 137 drrven it & SPREPO BplRuedr € bR B R i

coupl edmtmotyltell 4G I isitRé fag@itud@indodurdVRSEFRTs cliddnt il thdl @stsklhes mfmernal of
the NMOSFET 234 is coupled to gro nd The gate term nal of the NMOSFET 234
r ed®i vele seleqtgstmemeny gfl Eéﬂ’ ] c‘f’g 35 %f?s"’e‘?"g‘édet@é‘ SE,Tesst G2 2 Paite B8 Anpl e) in
responsgyidey. @ read operation. Thus, during a read operation, the read
mrror formed fromthe PMOSFETs 230 and 232 forns (via the S 1 signal) a 10
read currenthFﬁP%Fﬁt@@!iFstﬁgﬁﬁﬁ"(chﬁe"so) A13WBOmad VB ) thegpw detodmmi24 ne 130,

s COUpéigesttoﬂc %éi}ﬂo%} ﬁrﬁ@qgi)a%hm? dFé'ért I @&cb{g@tlzh%ﬂ?& GhsBYo fh E?e menory
devi ce to detect an store a hat ata that appea S on the colum
li ne 13=Gidmsssxggglsasqi@adelmpavq;tro\@neledﬂelfgem (qa@cdtlﬁo (g X214ad X3) loweseleabodi nent s
of . & he |nvent|o the CJ t cl des ar at ol 500 to,
"4 oL PR e Y RS PA e d e o Rralib e B SREBRSENE 4 by 1 e
associ ahﬁ}dcam goucmdcbdcmm wi selectawo ©f thetrow dmtsh wrestivelkcémbination csftbsztdabd ssshed

by a thres old can ent |sto non- |nvert|ng
Thout | LR B chrrouipdEe 20 B oBe BERE Biling 102, RE-CORHRRIRAL 30
and t hehd fidedst biggald mayl&aukeeﬂhakmheceacrtme icelepefoai Of thSkd Jisfes A 92|k OWheén
current con~ununication |ine 02 tgﬁt ducts a current (cal led 1i) that
i s furiPswecdesgder héd ?‘h‘f"éé‘ﬁdPH l°‘§0 EBakdes reahorciite Cgigdapsruge ¢ he

refj St Qne 8PRoteSn&RbHR LAt 140, de?é‘nd‘fﬂgrcfnaﬁé sdldcliénstdne &Menh B&oREED. t er m nal of

the resistor 508 is coup led to the emitter tefmnal of a PNP BJT 510. The

base termi na?w eﬁlmtnnée@siqr 1@2om|rgspeveﬁ§m Biree e veskaddress selggtion fisnalolcpitadi A2,

termn .0 it I t, the
ef fect| ﬁﬁ%@g‘gzska L&Q@as%ﬁwﬂo V& Rd ﬁgg,sgﬁ t6 SHATRRT

BJT 51 | ode bet ween € résistor
or more column lmcs 130. In this manner, when one of the column select signals is driven high,

=,

the corresponding column line 130 has been selected. Similar to the row decoder 124, the
25 column decoder 122 may select one, two or four column lines 130. Thus, the selection of the
column line(s) by the column decoder 122 and the row line(s) 132 by the row decoder 124
addresses selected memory cells 140 and may be used to address a block of the memory cells
140.
For purposes of controlling the time profiles currents that are used to set and reset the
30 selected memory cells 140, the column decoder 122 recetves signals called QUENCH and
SET_SLOPE. The SET_SLOPE signal establishes a trailing slope(s) for set pulse(s) that set
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ground. 25 Thus, due to the above-described arrangenment) the non-inverting
input termnal of the conparator 500 receives an indication of the voltage
across the nmenory cell 140, and the inverting input term nal of the

conpar at or 500 receives an indication of the voltage across the resistor
50%. The voltage drop across the diode 142 is cancel ed out by the voltage
drop across the HIJT 510 in the conparison fornmed by the conparator S00. 30
Due*to this arrangenent, the conparator 500 effectively conpares a
resistive threshold (indicated by the voltage at the inverting input

t er mi nal sepeed paeeulimdridry REIGME)C In s nidiger] wherCtié SEDNtSIIOPE sighdl id Rerfe@Si St ance
of the resistor 508) with the resistance of penory cell 140 (indicated by

t he vol t@geenthagh, for&xarpie) dirde eivHe ssh BYRiC, therciumm decedend 23 unpars dG@Bweby t he
resi st angge Gxik Qét:qﬁge,@! dbRELRARKY RN, k(R pRAGaily bR Gl 5B hset $@lthed | C)
that flows through the colum |ine 130 during a read operation). Thus, the
r esi st ardingledgsstall tichemGpniersathwheretdie bt SEOPEsEneliadepssertadi@rivan lows foent or by
changi ng_t he value of.the resi 8, 4 e {ent,s of the

Cnvent | SreneRLRrE a it 3 FRLAbAR ot tages T2 A PO RA LB TR B e [ e

cont rol resultingiiri a 66 btbiyGuick)y teimihdriag mierresey cudeni with 3&aNing e@gythitgd | i nes 5l 4)
regul ates the resistance threshold by regulating the level of the IT
cur r ent Proferaglpfess tham fAsect o perform a read operation on a particul ar nenory

cel | 140, thend QUeset dedd isiided @tonSNMRCHnOX S HIBNKS 6t of RBed Rk lendf Hhhe | -1
current to the sanme level as the Ic current. Thus, i f the'resistance of

t he resityt BANEPAN respanse ke thel QSEENCH aigeal beipgasertadd{dn yandtighn ferrexhopls). sheat e

" ©5i05! 2SNk Aok Bl il RRAIGASLSEARERCl NS HINENS LGOI

term nal he conparator 5 I's set sone et ween the
vol t agesignal bsisgdeassertethahecaluinm deqotléml@2 iaHpws the ewrremt readt oo Settpnsec@hpar at or

500. As esult of thi r . | e high resi st ant.. hous
state | ogcugrfngy l?ecoﬁ{la%'r ﬁ Bglﬂﬁea‘?%g%ﬁ%yggﬁﬁ%%%a‘f%é% t}?fsszhf)e‘?et'355{2“’|E){’S£s;}’r(1§|E’8naI to
i ndi cat éieSETOSLOPE sighal rdusing arpiniee) set eyett dnoe it hisepassey sieadriticalesesdlggee of t he
menory cell. .140) the or.. 500 de-asserts its.qQutput signal to

i ndi cat &VHRBEHG CH%%?%%E%%"@P? gurrenf yeguisefl{o Eﬁsft)a.sb"gor pur poses of

defigr mi ni ng eakiBREs S&Rl thatGrd Yecaha@badiad ro@N 28 bind Eurh £ 323 Bevdads aspbei t ed by
t he nennrx,cell,l40 has occurred, in sone enbodi nrents of the _invention, the
t hr eshob$§d 32 taricha{dittaen faysipsclerdhememeryeliilr duspsxampleofatieast eng

appr opr pkisleeribdintdal) 9?% D Qegi@ts h BhitMBb1E DARAQhEhtrafe® the S¥RBRINOf thef rob) @ T ead
operation in which the 1t and k current |evels are approxinately the sane,

t he congsischtignlssXd XdeXa@nd Xdrin smypimse i isrigusatatest for the pddrassiiseqdesignpls A4
during g ,avvﬁ@a:ga ?@t 3t d GBwh OfhdnFnSde t)adddeReL G dHver ML @Iﬂ(ggﬁhéof@ thgour ce

516 may be used (under the control of the control circuit I 'ncrease
t h20 t hr'dsSistted then themvederpdey 128 drives oplyrtheXs raw sel¢et sighal s seiesomnt r ead
operation 108 .(Fig. .5 i larly.. if [ tects a

cryst al TrEaoRengish ip? 112 lhordidbontiol RTRTRANSE eft by Ehidoior -,
5), thehéA0ashall diganilssrdepised iicews 164 ofale theh ablet 0! Ferlthbye seleetians by tied

circuit, 400 decrease t I ent effectively decyease the

s ot ol A L o per tetbe YL ERvhE sBRiEEh e o8 Heos Sy ofs)

Q her waé irgthitsbS1 W RpRROSShihARionE PéssiBledrfizh ¢he WBSIsTkas! iSBAVEIHIgH Avaghd he 1T
current._level to 30 change the resjstance threshold, other paraneters may

be2%ar i W81 signalis dravendew dsishavan & these piates. tuarayy Bresdggprersslectsdangthe. one
ski |'l eGwoBakidfiafroly IHRY b 238t &PERESANL fifte 68IHe A105igAE When both the

WBO0 and WB1 signals are driven high, then all of the row lines 132 are selected, as depicted in
line 7 of the truth table 110. Other combinations may be used to select the rows 132,
Fig. 11 depicts one out of many possible embodiments for the column decoder 122. In
30 this manner, in some embodiments of the invention, the column decoder 122 includes dnve

circuits 150 (drive circuits 150a, 150b, 150c and 150d, as examples), each of which is associated
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conventional (centered) threshold (605 in Fig 4) and simultaneously conpare
it to the higher and | ower thresholds (using 3 parallel conparators) to
avoi d delay. The | ogical conparisons of the outputs will allow the chip to
determine if a refresh is needed (or a nodified wite cycle to inprove
margin). 5 Anong the other features of the read path circuitry 499, in sone
enbodi nents of the invention, the circuitry 499 may include a D-type
flisp-flop 504 that stores the state of the output signal of the conparator
500 in response to an edge of a clock signal (called CLK). In this manner,
in a read op I : ] . 1 Gl i

i cat o t o uy apBrraPBhn HHELAD PRI GROCIIR 81 (TSR Lre e hel o i
si gnal tr anssedctmsanstreddirg/ wotingxdasefrdnm end drinporé Oclfs| Id0 o6 Bstassocisttd cdunhdingilB0

detected by the conparator, 500. Referring to Fi 3., N _sane di,nment s
of the. 1y SnTOHONEREh REPALSHRG P e etiP ey 18 naprd ad T ehe pioods
t hat has it ScifQit 8@reb &8 thédol Gk fddeéds bigndls AOSA3,IWB2 ShiPWBA ardl furdgfeL dddogél
Vop. The drain term nal of the PMOSFET 520 is coupled to the source

E
terminald of AsmaistealeddRECKEDEGY!, DitfeY hiind AEGE? Hahae usnd tp pet yargcibe-dacodlo gircyits
turn) is couploed sbe, 15HEadkdf 508 Yespe VRN AGahiehinplk NRe &M cirkf 196 18 adtRrated in
term nal of the PMOSFET 520 receives a signal called S NOKMAL#, and the
gat e t er mi naespofisetth thepMEBREPIPRDECER bigeal by e dggodsicyreauit 18bue to this

t, duri | : Ay .
ot ba g checked it S RBaphf hRedRbh. IR Ve bl ) sl mel R A BrllE G i

exanpl e) to iHedraredireFightl foMicdEVe &iit 130@ heuriculaf, tieudrive rircdin B30 thhyiselude a

t hrough_ t he urce-drain. path of the_P ET 520 i t.he, PMOSFET 522,
L o' F e i BopidBaeicanst O S ek gt BOSER Dots ot Mg sounce
cont ai ns  addériskd 8éupldd't6 dipbsitive bl Bupplly (¢aNed Veyeind @b didih?tehi[inﬁlﬁ’dbﬁféﬁ 1§tel NQ
a read operation where the threshold is | owered for ﬁgbaoses of . checki ng

the margin feyree igamag) of afMASKIRE 1 Fe) Theidgain erpinal fibekMOSFRL 19Bdpdumy i thi s
manner , "t hi $oiigdidivtd s inIem 1fat RVIRcRTedS?h hbalivd@guitisosour ce ter ni nal
coupled to the Vop supply voltage. The ?ate 25 tetininal of the PMOSFET 524
recei ves a si gnallthegdtt tegmspiofishe AYOSHEER 1 oA reapivgsiihe cosrespapdingesdeigeall | s
coupl ed<to { MR, i

term nglil5 of @Eg%@gﬁg%gy?? Iggﬁg?je]g&??%(ﬁe cu‘"ﬁ;%lﬁt? ﬁJ(i o@mgjr%ln%’%glp %?\dlillp%e
502. Thus, dudee tircuitl5a, shea garegemend! of tha PMOSKETE] J4oeceives deREQY foigralofWhére

t hreshol d hal.d .current s ce 516,.1the i Lo e i n
v ot o THSHEN oS e REf: fof Bimpicy IRCSofic i dotn BPAERMORHEL J4PT
conduct. Theondavteh caifrerit fihas, it b wrigndyclesis esablislied hyethORMGISFETSINE. Il this Mot e

526 i led in. j t with FET.528. .I.n. thj
To" ' manner s tsmigat 61he PROSTET 136 R B e b e (o 2 B Cist bty the
t oget hep, aovghrdnbtrglihehd ©urtedadin pdth bihe PMOSHET 528the SoweeigdaithattDofithé dr ai n

termnal resistor 530 is coupled bﬁt ween ﬁ;he drain termnal of_the PMOSFET

528 and BouRtIOSHE 19§3ne thefhbrn that fiRwp micythpresagiptpd golymniline 130, Thuts, Bhesqiss
the Vno supglah pheslor @ PIGSEEEs Falng ¢58 8¢ mialy calplédi8gdthdrShith thoddlumhhmied
gate term nal of the PMOSFET 532 is coupled to the gate term nal of the
PMOSFET 524 130rgunng thp senite@pematian. ar r angenent, the val ue of the resistance 530
may be chosen to d ] I : EP;:,

source 516 may a&g&%ﬁ@g@ﬁ@é@ﬁgﬁﬁ%ﬁﬁﬁgﬂ@g eo %ﬂfs%gﬁg i‘g%ﬂ,‘:&%ga
circui 26y t particilgeotum ligE 130y theedluthe dedoderd 22 ladivkts tHeanagnitedep ks sigralisenor y

cell isin 10 th mor phaus .st gt | 0. & hi nner,) .t h [ 516
may i nol ude '8t PEARRB IR i Ay S0 pioligh inkre TR it ASodHEd Kbl R 350
current conwted maimhéanoryicelis B02er sklveted oolutd linel B malbeing wrinen BidSHied 0h86 | S
coupled to the drain term pal of a E?I\/DEZET 534. The soyrce term nal of the
PNOSFET 534memitaeli40 per elseip Etlump lind, Lo BEISE g FAribaRore p desgasg 1o the
term nal of s &8oRMISEEheRad ceBE RIORE cilurfih Ui 30 &lelcBRimS det&dd 12Padfht ke t hat
is asserted (driven low, for 15 exanple) to indicate the increase resistive
threshd®d. magratudepntthe SRsigaalisp thaymerevaEntisanpdisd fo theiyelgctrd cobumrclinedh34) tharpat h
of the PMOS (hmPfi . ed by this
sour ce- dr ai lr?ﬁ%;]a?ﬁﬁdqr E‘Q‘SQ‘[%E%?% S ﬂggﬂ%e@?#gy PNDSE%%’WQE%%&%#;Q%{I.\E/%FET 536 is
coupled in a current mrror arrangenent with a PMOSFET 540. In this manner,
the gate termnals of the PMOSFETs 536 and,K 540 are coupl ed together, and
the gate 20 term nal of the PMOSFET 540 i 4coupl ed toits drain termnal. A
resistor 542 is coupled




between the drain term nal and ground. The source-drain path of a PMOSFET
538 is coupl ed between the Von supply voltage and the source term nal of

t he PMOSFET 540. The gate term nals of the PMOSFETs 534 and 538 are coupl ed
toget her. Thus, due this arrangenent, in response to the S H GH# signal
bei ng asserted) the h current is raised to the |level set by the 2S

resi stance of the resistor 542. Referring back to Fig. 4, anong the other
features of the menory device 33) the nmenory device 33 may include the
control circuit 400 to generate signals to control such cycles in the

menory device_.33 as the re d cycl.e and ite reset
cycles. The cOHEFYIOPERYI %e TC% l%} F‘g?@ﬁhé%gégg&)p@f‘&%%ﬁaiog
conpar escirfbnefdaRchsddialedidfink fufe 130 INGisanAMEYInL secERARIRaPIIPMOBFEDPhS6t he
threshold current source to select the resistance threshold used during a

parti cul &coyplediodheedrain ﬁqmmaim%theBMQSﬂETch@mthm@@mrt@wa}eéﬁxguP@ﬂaSEEIw a

i nput i g}g}%) f gﬁgp i

addressegs%an oer%!r%ﬁ) ca]nﬁmt%&fr%ao ve Jegy’%n%ﬁgvr“g}mgée%ec g,gﬂ?d)of%f%\ manner ,

t he f£ont teohingliof @MQSFETQ S6ascetes @dnmmt Enssdtalled 51.elnajus rannansimildr wahefat e t he
approprlate | s 0 st or.age ta associated wiith the
burst wiFgh glifgﬁpgi"f’b ‘ﬁ: ?gﬂ;@h‘t‘id& @ng@ggﬁiwgﬁo?ﬁg%%%ﬁ} evi ce 33.
The n}enwmegk&uatq%wg f&xrmgh the &eodinied Mﬁma}iﬂi 130@odhg ﬁi‘dag Ubérﬁt?fclm S4B s@gcef Or g
exanpl e, ,a data buffer 402 to tenporari store the data_flown |nto an
out of tdEnREHEPMRRRT- 038 colpleddp MRS M ith thedrgimsaure e ath f the B via
dat a congymdiintidei1ngs 405. The nenory device 33 may al so include an
address buffer 408 that communi cates with the nenory bus via comunication

linds 407. THechdrmesireuiblffmay ad%ln%lhéﬂM%Fﬁadﬁéwébasa!ﬁ%@n-&@@de pithh
10 ext ent
menory %Sé@&%ﬁ\géeggger AQ/‘EAc'lat?cho ?1? fo%dgx%%m e |0n also?[ﬁ%]_ exten

may generate ess signals the I nes 0) that are
provi dedNMOSFRE lﬁbwcd:ﬁa aamgkt s:ghaj ealle@RESET)palsigsal thias israssestdd &hores ,hxghhﬁ:.r
| so Ln

| th d
oo oo ekuhete] ner freaduadtaanip SiERLE by SOHYGE Ty PO RGBT

of the dmeilda® 33. Referring back to Fig. 2, in sonme enbodi nents of the

i nvention) t conput er syste i ncl ud t.her. co nents than
thel%rrermry c Ghoughian examp Sgl g‘lﬁ%}l“'gﬁ‘éheﬁﬁ‘%g? tuﬁﬁ BBY‘T?WVQB& n sone
enbodi mae;;lste@in tiBe11i (A BiHet Srive dirdEitsCIBOBULSOE aridyIS08 May havedimilBCdedidas, 3n
processor 42 (one or nmore mcroprocessors or controllers, as exarrpl es) that

i s coupne epbedimenss efithe myention. Fitker designs graqgssiblp forithe driye girsuig bfhireethen t he

rrermry %ﬂBBJxQJeb@BmeQL vefhidhl ONg Wi th an Accel erated G aphics Port (AGP) bus

44, AGP |Is described in detail in the Accelerated 20 G aphics Port

| nt erface Spé&e gerierain andreontrlyhesiovignel,an sqmasmboriseEnis Ly WV@POD&‘Q%‘)IUW | nt el

ora f | | so
P o taBlertan iR e Kbt s HiSEiey TRMEER PRICRIT B (Rbhal
gener at asgae temming! dogpled twgomddlﬁqglsaycﬁl@nniim@f the M OQSEBh i 8®isicenpledito 34 i s

I f 0 t O 52. Th
o) 50, oML Bt Rt S5 075 B0kl el BEHLEPASEHE (1 0o i B2 T
| nt er cotheaciircé Rapinalufa PMOSFET 884, chpaaiaoddhlineminal§ BRAbPEMGREREET f84cati on i s

avallable e P st G ou Port | and Ore on 9724 The
PCl bus®8%® ‘rﬁ‘éﬁ}g"g@ p@@dﬁﬁﬁg@é ?R‘ﬁ"ﬁ’ﬂ‘égﬁf socQppred i 91e) G@B’)‘a 8h8 the
11 85 contesilok €88. G'ﬂxemﬂ)ér E&ﬁﬂiaV@fth@ﬂ‘shEtof 1887k BoupidI6 tHe@raia Mmidd of ddrcont rol | er

64 may recel ve in m a nous and a keyboard 68, as wel| as control
oper | Shenos! MOFTIhQYMARER TLIFA/Bs ot (HRares Friine) supled3s maynd Tes ot o
operatlgg,nglgl‘ﬂ- i 198 radiveldsigtdiRl weperation of a hard disk drive
60. 21 I'n some enbodi nents of the i nvention, the menory controller hub 34

may i ncl ude &mnthmmm@n, VGSD therW¢ isigaal imassested, tha &M@BBET 1%bnt rol | er

35 serves i.nt er bet : bus h PC system
40 and %@Q ‘iﬁ aﬁﬂ%‘ cfﬂ’éﬁ or amc?oorgt roFsiﬁeerr %?‘, a‘ia“n"gsr;tat ggloé‘l' gna é”?’g i ndi cate

t h8o conPMOISFETY N84 fnd 186 ﬂ'ﬁﬁs:uﬁ'ergnalnﬂn ambld&tsahesuem af thetSaignal thatamaead, at ed
with a particular wite or read pera |o€ t hat targg%ts cells of the phase
change Frpbashes e %ﬁ%ﬁV‘%QWSW?‘@ thesgleeted pfpmp din been disclosed with
respect to a limted nunber of enbodi nents, those skilled in the art,
having the benefit of this disclosure, will appreciate nunerous

nmodi fications and variations therefrodd It is intended that the appended
clainms cover all such 10 nodifications and variations as fall within the
true spirit and scope of the invention. 22 What is clained is: 1 1. A
met hod conprising: 2 determ ning whether a storage |evel of a phase change
material nenory cell is within a 3 predefined margin froma resi stance
threshol d Ievel and 4 in response to the determ nation, selectively

b



1 2. The nethod of claim1, further conprising: 2 reading the cell; and 3
performng the determnation in response to the reading. 1 3. The nethod of
claim2, wherein the performng occurs in response to transferring 2 an

i ndi-cation of the nenory state to an output buffer. 1 4. The method of
claim1l1, wherein the determ ning conprises: 2 conparing a resistance
exhibited by the cell to a first resistance threshold to detect a first 3
data bit; 4 conparing the resistance to a second different threshold to
detect a second data bit; and 5 conparing the first and second bits to

det ermi ne whether .th to I Ls,Wwithin.the 6.pre i ned. margin. 1 5.
The met hod oﬁ}glrféﬁ‘ﬁﬁ‘?rig Mé%W@gﬁEI%%PW 8%??“1??65‘:"‘1'%?-‘\“2&6‘@%&‘5 st at e;
and 3 t hg dfle@mBbdiinBits 6P irhveBor BR8N Wedode F125haie® teréb blthtpatie Rifcilifte
cell to a first 4 resistance threshold and corrparlgg the resistance to a

second r &zs300h aed 200c e Tho fidleranessthsiveen His polse pacuits 209 aressiablishad by thervakissol d.

1 6. The ' . &ia . 15 RIS h 1S

appr oxi n%{rg% &9%%%%31&%?@?81#% egsd% gcnéatp’ﬁfemgllnr%g?tﬁéem st aﬁlﬂgref&%%hﬁgs %I d. 23
1 7.5 Themamtehdlet sidpe ciraiiti2(0p revdigbresa ngial tilled Yehwng thesldpeicgcuin2@caecedtenhl i ne
slate; 3.t hg%ﬂe%a{lm' ning the degree of degradation conprises conparing a
resi st ant&@eRFH"t ed by 4 the cell to a first resistance threshold and

conpari ng t hewNheonstcheesenid?y 8elbBIOAA D Yeamrith pBcsicbtet RoRaimalnd 13essmly ihan t he
first resistance threshold. 1 8 The nethod of claim 7, wherein the second

r esi st ant'é SteApldS#raertedi adgs g reskltae RyISE orcpifdPficys pRepd iRt thfrwaeRhthronghthene
first regladAnes Bb.hﬁgﬁtp\foyr,?{] two x%cxr&@%elm% 8Tbe WritleMpbr selekidh tBRnn line

conprisin 2 witing e cell in response to the determ nation that the

st ofhge 1I3ga'/‘é¢n bash the Wil and W2 sinpls arsi asserted (doiverhigh.rfer sxampls) ta tanseiwice tier ei n

t he det \ Qg ' ; f ] t : Il to
oad o nomoARESATREY Y wien cn Wefio/iel 146 R oo IO WIS 1 g
phase chbnsgEechmiven e IBONBI fpucméerhory celisnidd pert @lenmaete be wtitierg theanke W1,

sel ecti Y.L eshi ng t.he Ly cell Ln_res se to the detection,that a
tor age Tevah W4 Sgmiite {lEsPRaNR Ren, P cf£RAS15 Snsf addiforife FiEb Rh om
r esi st ankeughthesdhsated cbryisl lined 130 . ThEhesiswmicsard tlof resibtaisings 1) eash @f tepulsbe
programmn rises placin he menmpry 2 cell in _one of an a hous

bt ave  ariuodts 2By Biveiihe anpragateqaheS Implpmént g R BHRLY RergPIng oI t hor
conpri sicﬂ,gémzm(g@gthe?_mgagrctuhezmt ection in response to a read fromthe
menory cell. 1 14. The nethod of claim 11, wherein the refreshin

conpri ses: 2F9rmsmtﬁlgim tlpﬁatf%lp@ ¢dgs of the set pulse, in some embodiments of
’ the invention, each pulse circuit 200 includes an NMOSFET 190 and a capacitor 192. In this
manner, the gate terminal of the NMOSFET 190 receives the SET_SLOPE signal, and the source

20 terminal of the NMOSFET 190 is coupled to ground. The drain terminal of the NMOSFET 190

is coupled to one terminal of the capacitor 192, and the other terminal of the capacitor 192 is
coupled to the drain terminal of the MOSFET 194.
Due to this arrangement, when a write set cycle is performed, the SET_SLOPE signal is
asserted to cause both terminals of the capacitor 192 to be coupled to ground. Therefore, when
25 the MOSFET 194 de-activated, the capacitor 192 introduces a time constant to produce the
trailing edge of the set puise. The end of the set pulse may be controlled via the assertion of the
QUENCH signal to terminate the cycle early to save write time.
The reset pulse is created by leaving the SET_SLOPE signal unasserted and the end of
the reset pulse is controlled via the QUENCH signal, preferably using an undecoded n-chan
30 pulldown on each column to rapidly pull the column to ground to assure rapid termination of the

write cycle trailing edge in under 10 nsec.
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24 1 15. A nmethod conprising: 2 in response to a read operation froma

phase change material cell, testing the cell to 3 determ ne whether a
storage level of a phase change material nenory cell is within a predefned
4 margin froma resistance threshold level. | 16. The nethod of claimlI5,
wherein the storage |level indicates a nenory state of the 2 cell. 1 17. The
nmet hod of claim 15, wherein the storage |evel conprises a resistance 2
exhirbited by the cell. | 18. A nmenory device conprising: 2 a phase change
material nenory cell; and 3 a circuit to: 4 determ ne whether a storage

level of a phaﬁ@%&&aﬁgﬁe SEBHY 10°Blablidith¥dald bitrcit, TheoRBR] §d2B8MerTBY Hcludes @M @
resi stance threshold level; "and 6 in response to the determ nati on,

sel ect i vePMORFET @30 that bes it eburce conpled to thaey prsvaplyyvaliegd and itsfgate teiminalg,
wherein t h féd t§ Ioitmddelthe%ht%n RriiaiN o Sﬁl@b@?ﬁf 7%6]15%P||1p]g§ oéBg‘so.drlﬁc%qélfmqﬁﬁBoft he

det er mi nat 1'Bi I N response e readi ng o he ce

devi ce ofaBMmSE’EIﬁszfmmetha:ﬂmﬁ tesmingls oIttarPWDSIrZEII 21udré esuplial theaei ve an

i ndi cation of .the nenory. st inr on he rea .cell, 4
wher el n ttﬁ@"E?'P?ar%s's&éeiﬁ ishi{he ﬁﬁ? F'PF ?LE ?f’gg‘f’ﬁ“e‘“‘f?’fag fer of

the indi C@h l@('i‘tottﬁe éram@mﬁhmlaﬂ&n mdmrﬁi andlhagbmzh@nmramcmowmf

claiml 025 urt er nprising: a conp arator to cozr@are an i ndication of a
resi stan 4é§<¢ﬁ“§l¢@é‘dg@9ﬂq H@cééqeltcrt“@aﬂ pEthg NMQSEE Tyidareqeives aisignal (cdllegder at e

i bi t ey EREel (e ARk Rinplolin EponeBlos ERIRIROh  Poid Rk ©

gener ate cmcseermﬂd: rexbmuar famed fro thh BMOSHES s 23thandf232 forms r(uiasbd)lmignal) a

|nd| ations, i ndicati.n t her torage level is within the 6 margin. |

lEPhe ﬁer‘?ot”v 0 e éecgegf @\"}Sﬁfﬂe@?:&%er ein the nemory cell is in the
cryst al I'i ne ZEstgbig or édhemiiner30, devisied foLasiohﬁtedeéudmﬁﬁﬁdmgmyaQamrm&mt or
to conpare an indication of | stance e %ﬁﬁthe cel

| the 4
r esi st an®¥ HEPERMYdRViED R ﬁ@'te&‘taé'a &torg 3 ‘hﬁh‘g'ldé‘étﬂ?aéﬂp sé’“é'ﬁ'%‘f%mﬁ? '“E"h i3Q:eI I

and conpufing Nad BdrtloAN RefepririeQo Fig 22 AndorHt EhBddahénts &hé ndBRfon! the e&laol d
less than the first resistance threshold to generate a 6 second i ndi cation

of the stPahsirpyity A9 mglufles aicopparaty 00 kY KFSRIBSEH te @ resd opFration. campasdicei n t he

mengiy cc?éststdnée LibitHRd BYHeRBRERted nidnftf cell 10 WIBPleYistflR thiehold hbiie T
conpri si ng: a conparator to conpare an indication of a resistance

exhi bi t edstwnsbweb)taethreanid cmnusquecsﬁéﬁawb@reﬁlﬁﬁoeé%mretn@ng@wemxema first
[ nd| cati t f.
esi ot andamiis! & B Bnfilor 108 €K couRl FRERGaSn Bl LAKRERL Hlcrin oghit®

r ési st antemiral ehotangamtor 500 is coupled to a current communication line 502 that conducts a
current (called It) that is furnished by the threshold current source 516.

20 One terminal of the resistor 508 is coupled to the current line 502, and the other terminal
of the resistor 508 is coupled to the emitter terminal of a PNP BJT 510. The base terminal of the
BJT 510 is coupled to ground, and the collector terminal of the BJT 501 is coupled to ground.
Due to this arrangement, the BJT 510 effectively forms a diode between the resistor 508 and
ground.

25 Thus, due to the above-described arrangement, the non-inverting input terminal of the
comparator 500 receives an indication of the voltage across the memory cell 140, and the
inverting input terminal of the comparator 500 receives an indication of the voltage across the
resistor 508. The voltage drop across the diode 142 is canceled out by the voltage drop across
the BJT 510 in the comparison formed by the comparator 500.

30 Due 1o this arrangement, the comparator 500 effectively compares a resistive threshold

(indicated by the voltage at the inverting input terminal produced by the product of the It current
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6 generate an indication of the state of the cell. 1 24. A menory device
conprising: 2 a phase change nenory cell; and 3 a circuit to programthe
menory cell to exhibit a resistance to indicate a nenory state and 4
selectively refresh the nmenory cell in response to determ nation of whether
a storage level of a 5 phase change nenory cell is within a predefined
margin froma resistance threshold 1 25. The nenory device of claim 24,
wherein the circuit generates a current to place 2 the nenory cell in one
of an anorphous state and a crystalline state. 26 1 26. The nenory devtce

of cl ai Mndthe MhIQERL enhb?esmorr@y }twnﬁe{h@?&]s%& ¢ HientBRy eémmokn?dxéa%wﬁ@ to a

read fromthe nenory cel he menory device of claim24) wherein the
circuit wéwedgtrthwntlnéemmmpyt terglingl) tzattlé)pwéﬁqeéévhﬂteh@lmmwyhxbém bythe28. A

nmenory | ,rr[%gﬁ ircuit to
I n respgﬁ%\ﬁ("&o gﬁg%ea% g&grcg?%égaﬁ r%? ﬁ tghfaé(?:mat :}%’%cgﬁ“ﬁj’ 5fest the
cell 4 treaddptrtiod)ne V\/net her a storage IeveI of a phase change menory cel |
is within a predefined 5 rgin fromare thre 29. The
rremvﬁylry devi cg{" I’%ﬂ-"l‘ﬁ"?%tr}@‘?ﬁ,ﬂ%laé‘?aﬁ Fﬁga":gf‘g#%lﬂ | ﬁlfolé‘é‘fr@g tor l?‘Msm)ry 2
st at e OfchinafgGRd Valuefthelresistahcd 508.SInkothe 2mBOAImMERS o MBEDHWEN A& Infetthftbhdld @i M 28)
wherein the storage | evel conprises a resistance exhibited by the nmenory

cel | . 3purent soygnitl6 (undgs the sontoipf the perrol airpitsid8 (Eier9) of thermeroryavige 33
materi a I ty | evel
o 5 phaiTBARGnERi i) xRS pfb e B R ABnl i 1B 0B OLRR

resi stance thrtbis Im;huhr @rpdrfonm asgﬁ)omslmntmnaetaenwmnat ¢edinl4ostbb dutshoid y

Wrijpe t gurrem?sﬁx? h Slg g}ag set 'IE? ﬁ{? {h?rlaﬁ%xsek?tmtﬁ ) saGile teh %‘set.][ﬁ C%g? ok 'ﬁ\he ?' rcuit

det ects erforns
respons metresxstutnec ofxheliesigton 508 isdaooaeti |soméWhere Het8&n tHdlkeigh aimptjthetis syet em of
claim 31!i:sxstfa}11£ctar1]1§ low ((:) rrEtalllxne stgte resistance, the inverting input terminal of the comparator 500
is set somewhere between the low and high voltages present at the non-inverting input terminal
of the comparator 500. As a result of this arrangement, for the highly resistant amorphous state
15 of the memory cell 140, the comparator 500 asserts its signal to indicate a “0” bit (for example),
and for the crystalline state of the memory cell 140, the comparator 500 de-asserts its output
signal to indicate another memory state (i.e., the “1” bit).
For purposes of determining whether significant degradation of the resistance exhibited
by the memory cell 140 has occurred, in some embodiments of the invention, the threshold
20 current source 5i6 increases or decreases the It current appropriately to change the resistive
threshold. For example, if in a read operation in which the It and Ic current levels are
approximately the same, the comparator 500 detects an amorphous state for the memory cell 140
during the read operation 107 (Fig. 5), then the threshold current source 516 may be used (under
the control of the control circuit 400) to increase the threshold by increasing the Iy current in the
25 subsequent read operation 108 (Fig. 5). Similarly, if the comparator 500 detects a crystalline
state for the memory cell 140 in the read operation 107 (Fig. 5), the threshold current source 516
may be controlled by the control circuit 400 to decrease the It current to effectively decrease the
resistant threshold during the subsequent read operation 108 (Fig. 8).
Other variations are possible. For example, besides manipulating the It current level to

30 change the resistance threshold, other parameters may be varied, such as the resistance of the

resistor 508, for example. One skilled in the art may choose to compare the cell to the

18



2 an output buffer to receive an indication of the nenory state in response
to the reading of 3 the cell, 4 wherein the circuit determ nes the margin
in response to the transfer of the indication to 5 the output buffer. 1 34.
The conputer system of claim 31, further conprising: 2 a conparator to
conpare an indication of a resistance exhibited by the cell to a first 3
resistance threshold to generate a first indication of a state of the cel
and-conpare the resistance 4 to a different second resistance threshold to
generate a second indication of the state, the first and 5 second

|nd|cat|on5|nd| atln h veI I,S W thi r 1
35 The CONPUOEH Gy BRPER 40 S F7E SLER ST RS RRRD LB N Y ne
crystal | lower hiesliclds (txhﬁg BpareNyl colfpireors) W AVBRT deRYIIhE Bigltgl co?'n}ﬁnﬁﬁﬁw{}fét or to
conpare an indication of a resistance exhibited by the cell to a 4 first

resi st arfa@uew@sw(arvdhﬁ SuRyiorfisteape af § refreth i Aerdeditor 3mogilied YHIsCEIHP t he cel |
and comq %ﬁ])rem stance to a second threshold Less than the first

resistan thres old to generate a second 6 indication of the state of the
cells 1 36. mrcohmh@rfewsa@fnh@n‘ea@pah pirgutry Mempmezmbhémmmmfymcel | is

in an anorp st at fHLLhOEr a _conpar at or
to corrpa?e an i "cu%}”‘%&g’f’@nﬁgél gfgﬁgghpeg‘# {)tﬁtﬂéag CSt Sr{g(glofthfé’"gf first
resi st anippalt dftiesdoapdraton SQ@ ineregpiotseato h kéde dfadlociabignd) (@memcucax thifs t he cell

and conpare an 5 | dicatio t he resi nce o a second threshold greater
Fhan' - nBRFOI ARG GR DR BT RPa RS W BT ST AR PR FReR | he

cell. 28he asdoctatedl flerord cdll 1?401th% sﬂat&oflh@CﬁK%éalﬁraﬂ;s:ﬁox% sthfes tOcMRERSIRH- System

conprising: a processor; se change nenory cell; and a circuit to

pr d@r amfloRS04isnierg thednt defeﬁteéi?h thsj comparatos 589. a%‘if%mf’&‘q Fiai Gaiesomenenory state
and sel %ﬁa‘bb Lﬁgms ofihk SRnAdIC HIRAPRRS | Qirfend Bulces RPEB@lﬁdésOa ngla@r 530 #faPr 29€

| evel of se change nenory cell is within a predefined margin from a
resi st alh@?eltSt soress brpinghal @Rplediea pasitpustsupply yeltagercalled Voai ih@drainviaemiealrof thre

L PRSI 90,0 T 5o BLARL RIS 42 O,y BB P
t he ci r ofitht PNEDSHET SR2sinttind, ismogpiled ionhe @sponeeniunicatiorektt: 020 Mhe lgate rrermr y
Celk-  \erminal of the PMOSFET 520 receives a signal called S_ NORMAL, and the gate terminal of
the PMOSFET 522 receives the S1 signal. Due to this arrangement, during a normal read
operation 107 (Fig. 7) when the margin is not being checked, the S NORMALZ# signal is asserted
(driven low, for example) to activate the PMOSFET 520. The level of current that flows through
the source-drain path of the PMOSFET 520 is set by the PMOSFET 522, as controlled by the S1
20 signal.
The threshold current source 516 contains additional circuitry to control the level of the Iy
current during a read operation where the threshold is lowered for purposes of checking the
margin for the cell when the cell is in the crystalline state. In this manner, this circuitry includes
a PMOSFET 524 that has its source terminal coupled to the Vpp supply voltage. The gate
25 terminal of the PMOSFET 524 receives a signal called S LOW#. The drain terminal of the
PMOSFET 524 is coupled to the source terminal of another PMOSFET 526, and the drain
terminal of the PMOSFET 526 is coupled to the current communication line 502. Thus, due to
this arrangement, during the low threshold mode of the threshold hold current source 516, the
S_LOW# signal is asserted (driven low, for example) to cause the source-drain path of the
30 PMOSFET 524 to conduct. The level of this current is set by the PMOSFET 526. The
PMOSFET 526 is coupled in a current mirror arrangement with a PMOSFET 528. In this
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40. The conputer systemof claim 37, wherein the circuit reprograns the

menory cell to refresh the menory cell. 41. A conputer system conprising: a
processor; a phase change nenory cell; and a circuit to in response to a
read operation froma phase change material cell, test the cell to
determ ne whether a storage |evel of a phase change menory cell is within a

predefined margin froma resistance threshold. 42. The conputer system of
claimd4l, wherein the storage level indicates a nenory state of the cell.
43. The conputer system of claim4l, wherein the storage |evel conprises a

change niierdre sy AT hE PRCRATES b33 B oak S SRRbIRIBFDeC B Bedied, M g

whet her @msihallogR AMOSFEDH28 B eopddd to iits diir linfinat résiferedofid crugledegieanf r om a
resi stance threshold and in response to the determ nati on selectlvelgll%J

wri ting Pedeneernngl of the PMOSHET M and graypdcThs R drath i iof 2 PO kip
conpri seg cbdﬁﬁ?eﬁ@ée gler\ﬁg&ugp]gmat Ehﬁ’tf‘@ne@&xré&@ﬂmhﬂ%f%lﬁl\ﬁogfﬁh 5@:! hﬁ§ i ng

oper ati ons a|n144 further conpri sing:
t he Sact gafe temwmivdl n§the PMQSHIHNSE is couphed teﬂmgamtmmmbbf the BMORIER 5r24ne'5hus

dur at | Cmdug th th'?’ a%r grentr,re% vaﬁeﬁbﬁ?&xs@%@?%&%g}g% Fﬁ%str eseﬁ;?Qhe d\'gfllst%n qf a

phase change na nor VI CE; ernlnlng a
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bl ock is assoclate he 2 sane threshol d sensor.
PMOSFET 536 is coupled to the drain terminal of a PMOSFET 534. Thc sourcc terminal of the
PMOSFET 534, in turn, is coupled to the Vpp supply voltage. The gate terminal of the
PMOSFET 534 receives a signal called S_HIGH#, a signal that is asserted (driven low, for
15 example) to indicate the increase resistive threshold. Thus, when the S_HIGH# signal is
asserted, the source-drain path of the PMOSFET 534 conducts, and the level of current
conducted by this source-drain path is established by the PMOSFET 536.
The PMOSFET 536 is coupled in a current mirror arrangement with a PMOSFET 540. In
this manner, the gate terminals of the PMOSFETs 536 and 540 are coupled together, and the gate
20 terminal of the PMOSFET 540 is coupled to its drain terminal. A resistor 542 is coupled
between the drain terminal and ground. The source-drain path of a PMOSFET 538 is coupled
between the Vpp supply voltage and the source terminal of the PMOSFET 540. The gate
terminals of the PMOSFETs 534 and 538 are coupled together. Thus, due this arrangement, in
response to the S HIGH# signal being asserted, the It current is raised to the level set by the
25 resistance of the resistor 542.

Referring back to Fig. 4, among the other features of the memory device 33, the memory
device 33 may include the control circuit 400 to generate signals to control such cycles in the
memory device 33 as the read cycles, write preset cycles and write reset cycles. The control
circuit 400 also initiates the read operation 108 compares (diamond 102) the bits during a margin

30 check and controls the threshold current source to select the resistance threshold used during a

particular read operation. The control circuit 400 receives signals (via input lines 401) from the
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| SI1 . A method conprising: 2 setting cells of a phase change materi al
menory device; 3 for each cell) determning a sweep fall tinme that provides
a sufficient margin for the cell; 4 and 5 establishing a m ninum sweep fal
time for the cells based on the determnation. 1 52. The nethod of claim
51, wherein the establishing conprises: 2 increasing the m ni num sweep fal
time over the mnimmsweep fall tine before 3 increase in response to the
nunber of cells using a sweep tinme above the mninmumsweep fall 4 tine.

53. The nethod of claimb51, wherein the cells conprise cells of a block of
the 2 menory device. 1 54. The nethod of claim53, wherein the each cell of
the bl ocRETEnALE 3 Fdicativas TARemHE addiessiandfoBuhaRt neBRuR e the memory device
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20 Graphics Port Interface Specification, Revxs:on 1.0, published on July 31, 1996, by Intel

Corporation of Santa Clara, Califomia.
The computer system 30 may also include a display controller 46 that is coupled to the

AGP bus 44 and generates signals to drive a display 48. The memory controller hub 34 is also
coupled (via a hub interface 50) to an input/output (/O) hub 52. The IO hub 52 may provide

25 interfaces to, for example a Peripheral Component Interconnect (PCI) bus 54 and an expansion
bus 62. The PCI Specification is available from The PCI Special Interest Group, Portland,
Oregon 97214. The PCI bus 54 may be coupled to a network interface card (NIC) 56, and the
/O controller 64 may receive input from a mouse 66, and the I/O controller 64 may receive input
from a mouse 66 and a keyboard 68, as well as control operation of a floppy disk drive 70. The

30 /O hub 52 may also control operation of a CD-ROM dnive 58 and control operation of a hard
disk drive 60.
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While the invention has been disclosed with respect to a limited number of embodiments,

those skilled in the art, having the benefit of this disclosure, will appreciate numerous
modifications and variations therefrom. It is intended that the appended claims cover all such

10 modifications and variations as fall within the true spirit and scope of the invention.
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2 reading the cell; and

3 performing the determination in response to the reading.

1 3. The method of claim 2, wherein the performing occurs in response to transferring
2 an indication of the memory state to an output buffer.

4. The method of claim 1',_ wherein the determining comprises:

—

comparing a resistance exhibited by the cell to a first resistance threshold to detect a first
data bit;
comparing the resistance to a second different threshold to detect a second data bit; and

comparing the first and second bits to determine whether the storage level is within the

(> AV T N I 8

predefined margin.

1 5. The method of claim 1, wherein
the memory cell is in an amorphous state; and
the determining comprises comparing a resistance exhibited by the cell to a first

resistance threshold and comparing the resistance to a second resistance threshold greater than

W Rk W

the first resistance threshold.

1 6. The method of claim 5, wherein the second resistance threshold is approximately

N

twenty percent less than the first resistance threshold.
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1 8. The method of claim 7, wherein the second resistance threshold is approximately

2 twenty percent greater than the first resistance threshold.

1 9. The method of claim 1, further comprising:

2 writing to the cell in response to the determination that the storage level is within the
3 margin.

1 10.  The method of claim 1, wherein the determining comprises:

2 flowing a current through the memory cell to read a memory state of the cell.

11. A method comprising:

[

2 programming a phase change material memory cell to indicate a memory state; and

3 selectively refreshing the memory cell in response to the detection that a storage level of
4 the memory cell is within a predetermined margin from a resistance threshold level.

1 12. The method of claim 11, wherein the programming comprises placing the memory
2 cell in one of an amorphous state and a crystailine state.

1 13. The method of claim 11, further comprising:

2 performing the detection in response to a read from the memory cell.

| 14.  The method of claim 11, wherein the refreshing comprises:

2 reprogramming the memory cell.
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4 margin from a resistance threshold level.

I i6. The method of claim 15, wherein the storage level indicates a memory state of the
2 cell.
1 17.  The method of claim 15, wherein the storage level comprises a resistance

2 exhibited by the cell.

18. A memory device comprising:

—

2 a phase change material memory cell; and

3 a circuit to:

4 determine whether a storage level of a phase change memory cell is within a

b) predefined margin from a resistance threshold level; and

6 in response to the determination, selectively write to the cell.

1 19.  The memory device of claim 18, wherein the circuit detects a memory state of the
2 cell and performs the determination in response to the reading of the cell.

1 20.  The memory device of claim 18, further comprising:

2 an output buffer to receive an indication of the memory state in response to the reading of
3 the cell,

4 wherein the circuit determines the margin in response to the transfer of the indication to
5 the output buffer.
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@10% & () - 9- a t8M@afatboto compare an indication of a resistance exhibited by the cell to the

3 resistance threshold to generate a first indication of a state of the cell and compare the resistance
4 exhibited by the cell to a different second resistance threshold to generate a second indication of
5 the state, the first and second indications indicating whether the storage level is within the

6 margin.

1 22. The memory device of claim 18, wherein the memory cell is in the crystalline

2 state, the memory device further comprising:

3 a comparator to compare an indication of a resistance exhibited by the cell to the

4 resistance threshold to generate a first indication of a state of the cell and compare the resistance
5 to a second different resistance threshold less than the first resistance threshold to generate a

6 second indication of the state of the cell.

1 23.  The memory device of claim 18, wherein the memory cell is in an amorphous

2 state, the memory device further comprising:

3 a comparator to compare an indication of a resistance exhibited by the cell to the
4 resistance threshold to generate a first indication of a state of the cell and compare an indication
5 of the resistance to a second resistance threshold greater than the first resistance threshold to

6 generate an indication of the state of the cell.

1 24. A memory device comprising:

2 a phase change memory cell; and

3 a circuit to program the memory cell to exhibit a resistance to indicate a memory state and
4 selectively refresh the memory cell in response to determination of whether a storage level of a
5 phase change memory cell is within a predefined margin from a resistance threshold

1 25.  The memory device of claim 24, wherein the circuit generates a current to place
2 the memory cell in one of an amorphous state and a crystalline state.
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a phase changc memory cell; and
3 a circuit to in response to a read operation from a phase change material cell, test the cell
4 to determine whether a storage level of a phase change memory cell is within a predefined
5 margin from a resistance threshold.
1 29.  The memory device of claim 28, wherein the storage level indicates a memory

2 state of the cell.

1 30. The memory device of claim 28, wherein the storage level comprises a resistance

2 exhibited by the memory cell.

31. A computer system comprising:

—

a processor;
a phase change material memory cell; and
a circuit to:

determine whether a storage level of a phase change memory cell is within a

predefined margin from a resistance threshold, and

~N N W B W

in response to the determination, selectively write to the cell.

1 32.  The computer system of claim 31, wherein the circuit detects a memory state of

the cell and performs the determination in response to the reading of the cell.

[\
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4 wherein the circuit determines the margin in response to the transfer of the indication to

5 the output buffer.

1 34.  The computer system of claim 31, further comprising:
a comparator to compare an indication of a resistance exhibited by the cell to a first
resistance threshold to generate a first indication of a state of the cell and compare the resistance

to a different second resistance threshold to generate a second indication of the state, the first and

W & W N

second indications indicating whether the storage level is within the margin.

35.  The computer system of claim 31, wherein
the memory cell is in the crystalline state, the memory device further comprising;:
a comparator to compare an indication of a resistance exhibited by the cell to a
first resistance threshold to generate a first indication of a state of the cell and compare the

resistance to a second threshold less than the first resistance threshold to generate a second

[« WV, T N 7S I S Qv

indication of the state of the cell.

36. The computer system of claim 31, wherein
the memory cell is in an amorphous state, the memory device further comprising:
a comparator to compare an indication of a resistance exhibited by the cell to a
first resistance threshold to generate a first indication of a state of the cell and compare an

indication of the resistance to a second threshold greater than the first threshold to generate an

N W H W N -

indication of the state of the cell.
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4 a circuit to program the memory cell to exhibit a resistance to indicate a memory state and
5 selectively refresh the memory cell in response to whether a storage level of a phase change

6 memory cell is within a predefined margin from a resistance threshold.

1 38.  The computer system of claim 37, wherein the circuit generates a current to place
2 the memory cell in one of an amorphous state and a crystalline state.

1 39.  The computer system of claim 37, wherein the circuit determines the margin in

2 response to a read from the memory cell.

1 40.  The computer system of claim 37, wherein the circuit reprograms the memory cell
2 to refresh the memory cell.

1 41. A computer system comprising:

2 a processor;

3 a phase change memory cell; and

4 a circuit to in response to a read operation from a phase change matenial cell, test the cell
5 to determine whether a storage level of a phase change memory cell is within a predefined

6 margin from a resistance threshold.

1 42.  The computer system of claim 41, wherein the storage level indicates a memory

state of the cell.

38 ]

1 43.  The computer system of claim 41, wherein the storage level comprises a

2 resistance.
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95$}0 BE () 44?bC A method compnising:
2 reading all cells of a phase change material memory device; and

for each read memory cell, determining whether a storage level of the cell is within a

3
4 predefined margin from a resistance threshold and in response to the determination selectively
5

writing to the cell.

1 45.  The method of claim 44, wherein the reading comprises interlacing read

2 operations to read the cells with other operations.

1 46.  The method of claim 44, further comprising:

2 performing the act of reading in response to the expiration of a predetermined duration of
3 time.

47. A method comprising:

—

2 resetting cells of a phase change material memory device;

3 for each cell reset, determining a reset current level that provides a sufficient margin for
4 the cell; and

5 setting a minimum current to be used for the resetting based on the determination.

1 48.  The method of claim 47, further comprising:

2 increasing the minimum current based on a number of the reset current levels that exceed
3 the minimum current level before the increase.

1 49, The method of claim 47, wherein the cells compnse cells of a block of the

2 memory device.

1 50. The method of claim 49, wherein each cell of the block is associated with the

2 same threshold sensor.
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setting cells of a phase change material memory device;

3 for each cell, determining a sweep fall time that provides a sufficient margin for the cell;
4 and

5 establishing a minimum sweep fall time for the cells based on the determination.

1 52.  The method of claim 51, wherein the establishing comprises:

2 increasing the minimum sweep fall time over the minimum sweep fall time before

3 increase in response to the number of cells using a sweep time above the minimum sweep fall

4 time.

1 53.  The method of claim 51, wherein the cells comprise cells of a block of the

2 memory device.

1 54, The method of claim 53, wherein the each cell of the block is associated with the
2 same threshold sensor.
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