30 May 2005 REFRESH NG MEMORY CELLS OF A PHASE CHANGE MATERI AL NEHHWF 2005
DEVI CE BACKGROUND This invention generally relates to el ectroni ay
menories, and nore particularly, the invention relates to refreshing nenory
cell s-of a phase change material nenory device A phase change material may
be used to store the menory state of a nenory cell of a 5 seniconductor
menory device. In this manner, phase change materials that are used in
phase change material nenory devices nay exhibit at [east two different
states. The states may be called the anmorphous and crystalline states.
Transitions between these states maybe selectively initiated- The states
may be di stingui shed because the anorphous state generally exhi.bits higher
resistivity than the crystalline state. The anorphous state involves a nore

di sordered atomc 10 struc AL BRYVERPSPE ACHRgE material may be
utilized ta exhibit these ATE Woﬁ%}ﬁé\,—%}@rrple, thin-film
chal cogenide alloy materials e parti cufarl\fly suitable. The phase

change may be induced reversibly. ﬁ&gﬁﬁé@ t he phase change nmaterial may
change fromthe anorphous to the c e state and may revert back to
t he anor phous ?lt,j@hﬁenﬁoh%ra&eé]&%mewo eldcaeniv memearies) mdrmerp oadiculady, thenper at ur e
changes- In effect, when the phase ﬁhgﬁ 15hnateg&aaj%%m8 vic@ & menory
cel |, theinvemtisoyelates to refEgshing MERGDATHS Y L BIES JiamTabl e resi stor, which
reversibly chaﬂg,g%egﬂ,&@&ﬁehgzgﬂ@rbe&m th SloR the memstyatuteofstratney cdthef phase
change may be i nduced by resistive heatjng that i%%é3#§E9 YL ent
t haty 5| owsemitondueibr méreorydewdse dp thiipgneer B%é%ﬁraﬁ%?‘&\‘i Flg. |
depi-ct s t&&ﬂgé ALMER RNE] QTR a8 exESHit At Rgstanel diflerat stitag Themttsmaydel | of a
phase 20 change material mnenory devi e..Fig 2 isma %&P%%%h%% ghgg£§n1of a
conput er e¥jisd thmamombpui ang costalie sty T AREHTOS PePRER PREFENTI TSN Iic—‘l_gs._ and 5
are flow gl agang, gl%g; 1354', Bt & bRSaut Othe Bh6pRdusataphmsealinarhifstsiisher v
cel|l according to enbodients of the invention. éS Fiﬁ'¢ﬁg}£n§ﬂno :
i || ust r at fegisthoty teenrissirgsialinestass HThsiamomPheys St X eNe ARG S SPEN0T V. cel | Fig. 6
s 3,41 oW 0L aQr A 0GR Gl JMekRndlE APk bd Wt CroRkibD Ldetvn daiem & phase
el | acc In

chan NENDry C to an enbodi nent .qf the 1 nvention.
: Howcv)c/zr, as an example, thin-film chalcogenide alloy matemﬁs may ge pmﬁcuqarifﬁltable-

The phase change may be induced reversibly. Therefore, the phase change material may

change from the amorphous to the crystailine state and may revert back to the amorphous state
thereafter, or vice versa, in response'to temperature changes. In effect, when the phase change

| 53 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 'chaggc 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 setiing and resetting a memory cell of 2 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 3 are flow diagrams depicting techniques to refresh a phase change memory
" cell according to embodiments of the invention.
Fig. 4 is an illustration of 2 resistance exhibited by a phase change memory cell.

Fig. 6 is a flow diagram depicting a technigue to read a bit of data from a,pha_st_z change

memory cell according to an embodiment of the invention.



| 30 May 2005 Figs. 7 and 8 are flow.diagrans depicting techniqu
wite a bit of data to a phase change nenory cell according to errgde)@ﬁlst(w

of the invention. Fig. 9 is a schematic diagram of a phase change materi al
menory devi ce according to an enbodi nent of the invention. 5 Fig. 10 is a
truth table associated with a row decoder of the phase change materi al
menory device of Fig. 9 according to an enbodi nent of the invention. Fig. i
1 is a schematic diagram of a columm decoder of the phase change materi al
menory device of Fig. 9 according to an enbodi nent of the invention. Fig.
12 is a schenefﬁ-%swq,il@g&@@jb@fdgar depitfingokehnigues tp wroe a bit phdata @@ PAPsecol um
line 10 accord ng to an enbodi nent of tlag.i nvg(r)]tion. Fig. 13 is a

schemat i celdngememons Felbecedraiag HOFRPASIPFER USHUTLE % the circuitry of Fig.

12, Fig. 14 g, ;) QOWediR0fi 203 64 Stiabd \Gateetrradiiil qumotyoledist ¢ 18 38ur r ent
to be used for Write ~reset operations according to an enbodi ment of the
i nvent i onembreidgment &f theingerftiomw di agr am depi cting a technique to determine a

sweep_fall ti i 218 ERH Withialréw Sedodefitiad phaseschageonaiéria to an
enbodi ment  of g, 10 imltR Bllc adiochlQl with /S 9 PTIL.ON Referring to Fig. 2, an

enbodi Menhedrydtviee afFig Arerording EmemBodiBed o s/ the i nventi on
i ncludes a phg.—?gg A‘f'{‘&”&ﬁmﬁﬁ?ﬂ:ﬂfab@b IR B hniRcddens f 1ROk EhaAgcRateidl mesiome mor y
Yy bu

control ler hu via a menor s 36. The nenory bus 36 includes
comuni cadeviel of FipeSsackaing o aommphedinesat pihe @¥F4°Ro and fromthe menory 32 as

wel| ‘as contr 3:([,3& Zﬁ‘d g : gi#i]g,{%ﬁﬁoffr&& pahQRt iRy fira@aitiataséchuagyinand

retryeval of Bé *ah the nmenory 32. A particular wite or read
Opergj i Orucpaiing sl ewdodiowolnfiteinyeplioh-i t i ng data to or reading data from

several devices ; nor LB ent isPurbOsmhesthatiyaf s 18f t he
i nventi on, E‘gpﬁ%‘:?@r;glﬁegjr%‘égi% ter!fg:?ﬁunei%1 _ms*rrt)(;:nt "32. may i ncl u[(?zle v‘ilgi ou
menory devi cesig seiziadomdiiagron depetivey tedhigye togietearIg 2 GREent {4p° 1S 8P e)
each of which includes.phase inddmiBased nenory cells. As an
exanpl e, rﬁ%b%%?ﬁ?ﬁorgfg'ﬁgo%#&%%g%%?%%r renor y. device rmy. include.a .
phase change n‘gt135isalﬂo@ediﬁgni:mdenﬁﬂnmaémw'@ﬁeﬁé‘m&FF’é?’e‘ﬂ’agfl@/’?“ﬁlc,' t 6t
exarrlpl e) that exhibits Cr%%@&%ﬂ%ﬂ&ﬁm@ﬁ&@'%%ﬁmses-

5 for write set operations ac

DETAILED DESCRIPTION
Referring to Fig. 2, an embodiment 30 of 2 computer system in accordance with the
invention includes a phase change material memory 32 that communicates with a mgmory
controller hib 34 via a memory bus 36. The memory bus 36 includes communication Iines.'for

20 communicating data te 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. . o | ‘
As an example, in some embodiments of the invention, the phase change material
memory 32 may include various memory devices (semiconductor memory chips, or packages, for

each of which includés phase change material-based memory cells. As an example,

example), .
€ material (a thin-

each memeory cell of a particular memory device may include a phase chang

film chalcogenide alloy material, for example) that exhibits crystalline and amorphous phases.

These states, in turn, are used to indicate the memory states (17 and “07 states, for example) of

30 the memory cell.
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These states, in turn, are used to indicate the nenory states (#% M%'005
states, for exanple) of 30 the nenory cell. 30 May 2005 The ne p I

of a phase change nenory device is not limted to just two nenory 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 nmay be distinguished
by its resistance, a nunber of resi stance determ ned states may be

possi ble, alla thes of rTLI|tI le bits of data in a single nenory
cell. A vari etﬂ'edﬁe'ﬁﬂ%f@ 8{%&&@93“?%@ QY RAss neldimited (19 st twp A1edieni de

al | oys costatesi.eoree™" statenamda "of etaemu:xat ihstead fhelnmutiory/telohay e RA4igo Aumibéedyl €.

On t | |
U poses. SHeS T B becAidoh e Ry B uMRauidk S0 bR SERE 'R of bt col
may be eweﬁﬁ@ﬂc%@tem@edsqt@%"ﬁy ba ‘pogsiitle, @llowjag the starageeofamifindy bitsi o datadmiar ent

pul se cal é.@giealeﬁ@}y@urrent pul se or reset via a current puI se (to store a
"0" bit of datg‘? B’ é called a reset pulse. ~example, FIG |
depicts a crydt¥e z‘?fﬁga%ee‘?ha of 2y aredagun Jasnieralyy %ammpsaﬂpvwnma@e time
T.sub.0 tar maraelemeatstfroaq Coluphat ef thl pefidtiRsStable anggartailfly isaitabd graupar diibgdl| ar
cell in th %J}» state. As shown, the set pulse 20 represents a
nonent ary rlse I'n tenperature of the phase change material. The set
pul se 20 is t@ob@féﬁﬁﬂsroéyﬂ@wqw @fh’-@tarTe@ﬂthap%lblmgﬁmemnpeé"sﬂaetca&mav beal so

associ at egtheviet flo atohal Ahe bt bﬁéﬁ%& ffaié*hﬁup% wIa fé%u%ﬁt%%ts%*&é 1%@%%&%[1@% br MaY

have significant lué-e orter atlan, he reset Eu se extends from
Bbout | Mot @msueRied e ST ore. F%@éqmpfma @ 2 (PspbRMIsReAB3Bd t o
t r ansf or example RIS, ¢ dapige armtseaﬂllzaig sbamgé Iwﬂmﬁfgénéﬁ!!ir eit$mh§ftdﬂeabcﬁﬁ Wisb a: l'ine
stateto "reset” 'si‘aﬁe. e r el.l to
T &1 ' Tl AEBIROMD 2o3letn o8 o Hfnop ek & fperfile e BB vl

menory  cétdte. B shawn, tig %ﬁft@ﬂaﬁ I29 feprépenissemomentaiyrrige irsths temporatuemd ttecbHase ause
this tendgaigenfaws the cell 'in an optinumcrystallized set state and
al | ows use of _t he sane Beak heat i n used with reset. For reset the heating
must be quenEPREPPYISEEPYE ipe Louas g Sherepetosise . 2 Bitpr bat inalshessadied s
done w Ej Witk emhigkBt ten‘mé%fttﬁ'é abdh;zs ph8&: chaf§eaferalNRMNinay have s‘igﬁmdéﬁﬁy éHa;lﬂem ni (rjm m
required to.rese H ﬁ Li% trailing edge
14 undor “YEBE ert byt il eRate e borh g 418 Tk Thve Mmerlas
reset, bptise thmay baubédiy taidgfem24d phaseprhahge miteyialrhasid sleowwey celiidnohe t he or der
of a m crOSeRdatdd theldnBiphous state, or reset” the state of the memory cell to "0." In

‘contrast, the set pulse 20 may be used to set the stale of the memory cell to "1." Preferably, the

- set heating is slowly removed because this tends to leave the cell in an optimum crystallized set
state and allows use of the same peak heating used with reset. For reset the heating must be
. quenched rapidly to avoid crystallization. Since the heating is done with current, preferably the

reset current is 1.5 times the minimum required to reset a bit with a width of about 50 nsec and

a frailing edge 14 under 10 nsec. The set current peak and width is about the same as reset, but

the trailing edge 24 is preferably much slower and on the order of a microsecond fall time.

These timings and the magnitude of the reset current will vary with the phase change material

selected and size and type of electrodes on each side of the material. Preferably, with a contact

less than 0.05 u, electrodes of TIAIN, and side spacers of nitride, the reset current may be less

than 4 ma.

For purposes of reading the bit of data that is stored in the phase change memory cell, a
current is routed through the memory cell to cause a voltage to develop across the cell. This



These tim ngs and the magni tude of the reset current will vary w#B M}e 2005
phase change material selected and size and type of electrodes o

side of the material. Preferably, with a contact 1|ess than 0.05 u,

el ectrodes of Ti AIN, and side spacers of nitride, the reset current may be

|l ess than 4 ma. For purposes of reading the bit of data that is stored in

t he phase change nenory cell, a current is routed throughthe nenory cell
to cause a voltage to devel op across the cell. This 3 30 May.2005 voltage,
in turn, is proportional to the resistance, exhibited by the cell. Thus, a

hi gher voltage indicates that the cell is in the anmprphous, st at he
hi gher r esolga i amns isgreportinal tg thegppitangs prhiljied by icglgtg “t%@ff‘?‘ﬁgh“cggu isin
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data when its phase an ' 1.9 il BeeliBDf 1 ANBERORUP’ 15t SXtdata vieneser , it
is noted, t hatlpﬁsﬁs%{“ﬁ(g?er%%gglﬁ’tﬁglﬁbo% t!%.e _invention, this conyention may
be reyer Sgihse ihafige madiial ivduntie grystelline stateahd indicalaB o] bibpfdats whendls to
indicate g "0" bit of data when I han@e 8L i8Rt etnBodifedtf the
cryst al | i FEugsdenalfdn e aetPl ‘%%Jtélf? |tr’g daté.vmler? its phase change

mat eri al  inSentibn, tthie canvaitioh may bp harsmed, 1.6, e mepanirs dsthete (REERITHYS t he nmenory

state of particular cell, .the N ' LRl is it Bk FRalinephae and
conpar at dfeeﬁ’?ﬁ'ilmﬂ‘é‘ﬂ%e@pﬁ)ea“togdgﬁ‘evg%eﬁ% \%Jérhg{ckgiflj\’/e an i ndi gg’tgi on fgf the cell
vol tage ipaiedsiser umorias ehagitapiass chenge materzhisdm the @mambAvoRh§FE-t he cel | . As

an anple, the inverti in t erm nal : ARBE AdRinvEaY icoupl ed
to al® hreshol E“K/W“é‘@sé’fggtﬁ‘fm‘ggéev KR S{%%roé? éﬁrﬁe’%gaeﬁ? or  pur oses g?u

di st i NguisRinofa colipalitdr naly GEcaupld'to Hietcell Brewjvetzh indicstipapEihe FEIL YIS es t he

cell 15 voltage to this threshol d. volta r | thelinearkih @ hpaf
whet her  tPRIREHRYIGrCng e, SUE %fd“‘"% B??“ %?C%S?*% ag%ﬁgft%(}?,etg@'a " 0"lep t of

data. ThigmEQIeeh: SampaRi@dbyde carplalt pultresiblgrvaltageithnd iseries 43 @ refstensear r ead
bit) and may be stored in g latch or.fl.ipwnfl r.eshaledimeeli age may
be for med@wEPEE oEHSHASISING § %h@t%?%au‘gtﬁ%wéﬁ't PF?SH0| d&cr e?i stance (of a

t hr gghol Golifs it e dhredtot wltagy to @aieratd ini mdicaionefiwhether thememoryap!l S8 2( f or
exanpl e) 20 the sane magnjt.ud s.the curren i SbPEstcatibe
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t hr eshol Gfﬂ]@%aaﬁgﬂ{aﬂa&ﬁ/ayfb%‘é@r@liﬁ@Sdtﬁi:ﬁﬁlipﬂsmrTEV\here bet ween the resistance

O e e e estol] vlagemaif b o B B, b et AfeBlond e remory

resistance (of a threshold resistor) and a current. This current, in tumn, may have (for example)

vy

20 | the same magnitude as the currentrthaﬂt- flows through the mérﬂt;ry cell during the reading of its
5 stored bit. In this manner, the threshold resistor may have a resistance somewhere bétween the

resistance of the memory cell for a *“1” bit of data and the resistance of the memory 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 voltage that is located somewhere

725 between the read voltage of the memory cell when in the amorphous state and the read voltage of

' the memory cell when in the crystalline state.

A potential difficulty with the use of the phase change memory cell is that for a number

of different possible reasons, the resistance that is exhibited by the cell to indicate a particular

memory state may be unacceptably close to a threshold that distinguishes that particular memory

30 state from another memory state. For example, for a two memory state cell, the cell may bave a

resistance that indicates the amorphous state, 2 memory state that may be associated w.xth. t_hp bit



bit of data. Thus, the product of the resistance of the threshold | St
and the current that flows through the threshold resistor produc%beﬁﬁy(ﬂoos
threshol d voltage, a voltage that is |ocated somewhere 25 between the read
vol tage of the menory cell when in the anorphous state and the read voltage
of the nenory cell when in the crystalline state. A potential difficulty
with the use of the phase change nmenory cell is that f'or a nunber of
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from t he negidry sta thais ddlvitsd By th‘éto%h Haﬁ BelchRpRAASR, 64RBAR FBRIREY RNt Rhadd he
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gg:: thﬁéﬁ?%esﬁﬂ}g,ﬁf%éﬁﬂ%ég@ %tf"i‘ﬁ? memory state that is exhibited by

the cell may be conprom sed, especially if subsequent reads fromthe cell

further Shangs SdginRtdris tg@@ﬁt{@ses IR o ned s%ﬁart)g'c SpémaciB .

resi stance t LIS hasé ch
"1" or md'cefﬁta a9 "Bebit vay betqgéargeb‘prmh@wetaylgeatatemetogtsmaé)(foomet oo smal |
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separ at i GFFSpRIA A FW@Sé'Pﬁﬁ%’ﬁtﬂﬁ'gn RRiAt katyeqrdhe ferphous and arysialine

-states. For purposes of curing this margin deficiency, in accordance with some embodiments of
“the invention, a memory device of the memory 32 may use a technique 100 that is depicted in
FIG. 3 to refresh a particular memory cell. For purposes of simplifying the following discussion, it
 is assumed that a particular memory cell indicates two states. However, in other embodiments
of the invention, a particular memory cell may indicate more than two memory states. However,
" regardiess of the number of memory states, a margin deficiency befween any two of the
memory states may be cured by applying the refresh techniques described herein.

~ Referring to FIG. 3, pursuant to the technique 100, for purposes of performing a refresh of a
_particutar memory cell, the memory device determines (block 101) whether the resistance level
that is exhibited by the memory cell is within a predefined margin of a resistance threshold level
_ that defines the transition point between the arhorphous and crystalline states (i.e., the two
 states qf the_me_mory c‘:eil).rl_:orrexamp_le, refern'n_g to FIG. 4, for exhibiting a resistance above a



states. For purposes of curing this margin deficiency, in accordagge, it
sone enbodi nents of the invention, a nenory device of the rrermryggh%rb_oos

use a technique 100 that is depicted in FIG 3 to refresh a particular
menory cell. For purposes of sinplifying the follow ng discussion, it 1is
assuned that a particular nmenory cell indicates two states. However, in

ot her enbodi nents of the invention, a particular nenory cell may indicate
nore than two nenory states. However, regardless of the nunber of nenory
states, a margin deficiency between any two of the nmenmory states nay be

cured by applying the refresh techni ques described herein. Referrin ng t[? _
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set/reset pulse may need to be adjusted to ensure the subsequent rewrite that is involved with the
20 . refresh operation establishes the appropriate resistance for the cell. For example, if the cell is.
) , | supposed to exhibit a low resistance that is associated thh a “1” bit of data (for example) but
| _instead exhibits a slightly higher resistance thanexpected, the slope of the trailing edge of the set
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
h 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 fo the parameters that are used to rewrtite the bit, the bit is rewritten
A (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,
: 730 tﬁe 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



appropriate paraneters for a wite of a bit of data to the cell- rt
described below, if the refresh is needed just after a bit of daé@ Mi@yrféOS

been witten to the cell, then paranmeters of the set/reset pulse nmay need
to be adjusted to ensure the 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 "I" bit of data (for exanple) but instead exhibits a
slightly higher resistance than expected, the slope of the trailing edge of
the set current pulse that is used for the I’EWI’It? mathén bi.i cr&ggﬁ
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rewr i §t enpokdibdok 104) to the cell to conplete the refresh. Al ternately,
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for hpur p%)%%ggés &ngagrﬁgumhaghmmmbey barwsef the mﬁimmﬁgmmlzu; pralss dying ¢ heI .
echni que i ncl udes p e Jrenory ce

a first 7oEEY TEATOPSRIUN: ?—bﬁsg‘l’g}‘ %‘/lfv Icﬁge&eﬁc{regﬁ?ﬁ%sho% is used to
det eygm nemfemc&ﬁmem €b3. AfesisBinde m‘ﬁrgikﬂshblkié cnﬂrmrbyth@eieb of tha gesiptanee Brraholdad

block, 108) in which . o
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manner,  tshguitabibdusty cbrhﬁ&&i‘@lﬂd: thieshidid(to deerstimmi€a itk etsQ)@fﬂ@i alts?u tprthe ?%ed by

the nenory device in nor read eratio undar
bet ween thesheldy gtpéquqer%cgeﬁld‘ gusa&s: fna{%:? 3‘9.1‘1 29418 {18 Qa5 BESoteEreh@ y

_to determine if an additional write is needed 1o improve ccll marcm
26 Determining whether the margin exists is accomphshed by the read operation of block
J 108 in which a second threshold level is used. This second threshold level defines the boundary
.of the margin for the particular memory state detected in the read operation of block 107. For
example, if the read operation in block 10? indicates the cell is in the amorphous state, 2 higher
, resistance threshold 609 (Fig. 4) is used in the read operation in block 108. The higher threshold
25 609 defines the boundary of a margin 611. If the read operation in block 107 indicates the cell is
| in the crystalline state, a lower resistance threshold 607 is used in the read operation m block
108. The lower 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 vanatmn (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 detennmed (diamond _109) by the



normal read operations. This threshold level is graphically depic i N
Fig. 4 as being at 15 reference nuneral 605. A resistance margin éﬁgM%V 2005
exi st on both sides of the resistance threshold I|evel 605 Alternately,
during a read, nultiple conparators nay be used and the bit voltage

si mul t aneously conpared to the threshold (to determne if it is a 1 or 0)
and also to the margin thresholds (to assure the cell reads with alternate
margi n)-. This avoids the delay of another read to determne if an
additional wite is needed to inprove cell margin. 20 Determ ning whet her
the margin exists is acconplished by the read operation of block . 108 in
whi ch a segenely ibi@shpt ehnbiewm) 2 susficion thargimessts adondeash eshet dUEVEIC def i nes
t he boundar, of the marqgi.n.fqr e r L cul ar tipmf@serdtn t he
read oper dt! Gﬁ"Bcf"“ﬁ?‘%?"gﬁe/forg'grdgi?%?g%%gg?ﬂ%’% ¢ He'régﬁ%cgéeﬁﬁon in blrock
107 i ndi Cah&8in, hitethe Rbkotyevite pefrmnrefi tetraemeory celHyeesidbly P8R EBance

t hreshol d 60 Fig.. 4) is used,in.the read ope ' ' @g%ﬁoI&p

hi gher thﬂé@ﬁb§ﬁn29“6@9“&@H(ﬁ8§5?ﬂggﬂgﬂﬁ a??B%%%gbﬁgFgﬁﬁ 61 Ellf t he read
oper atg on s}xiﬂa:mgq%cklﬁwheelémmgsmaeitmmin blpck 107. tveidmeyanedesianevEieaise, a

| over resistance threshold 607 is used in Ihgﬂ;gggcgag&?&hgna&@&block 108.
The | ower desirablsisreifidd mdpenre s of BRI B TOWer® har g n 614. As a
nore specific exasRledestiiRa ralica technidies 1 G @At ahiay bedsetin 1 Waricheeishiferent
threshold may be about a twenty_percent variatio -0r i ng
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bitd read I'n bot’h read operations 100 nd 108 are q%%g&ghngg?{ﬁ%ﬁﬁnnd 109)
by the 7@@138/@0@0@@3‘?%?9%\?%@11@38?”8% SSEENT, atsuffici en; lgar gin
exi sts an & - X Ritbetvekn tHaells behilsited résistpns arst the thrésholdt at e
for the d??ﬁ@?éﬁ?lﬁﬁﬁggﬁgﬁggé a condition that indicates an insuffi.cient
mar gi n, t reistapdrarsebfrongrmalreidc@eFEPTor ns a refresh of the menory cell by
possi bl y adj usﬁg_n;gdep&glaqggﬁ,ﬁ%@hmhm RaheyathEape(fasnde semt bmboditpows of n
connection w th the techni que 100) prior to 5 initia‘tiWnrgingl{y)B‘c:qlé116 11) the
rewriti ngthefinvehiéonbiln the dsshrnigye 1P bk mewory IRVSH-dR PP URMEEE TR OWr i tgs_ i's

desi tabl e_sj. i ERREEeshés (FRSHE 1 57) Gitintdnmayitdiif sufficiontageriiy criskuci ng
writ 9cyc %ﬁ&ﬁ§ﬁ§“§ %ﬁg-.escnibed ﬁg?reSh tgchni ues %Qongﬁgd}gg may be
used in abaraedndhecelits eghibited resitance aurhihe hgeshol W‘Sggﬁ?r‘bsfe Crfeferring to Fig.

6, In so Ifﬁg%gginents of the invention, the nenory > device may performa
t echni que , a technique in which, in res onsa to t neggg%mgg | gfpd 10
readi ng (bl ockig B3kpigtssnqther teshmiguei$hap theanemory RRSeF0PY

e evice refreshes
(block 114 gzﬁ{eh:%eration to a particular memory cell, in some embodiments of the invention. In the

20 technique 118, the memory device determines (diamon& 119)-whether both the memory state of

) _ . the memory cell is consistent with the bit of data to be written to the memory cell and a sufficient
margin exists between the cell’s exhibited resistance and the threshold rgsistance used for noxmal
read operations. If this condition is true, then the memory device does not perform the write

. ory cell, as the correct bit is already stored in the memory cell and sufficient

the memory device writes (block 120) the new bit to the memory cell
. sts between

operation to the mem

'25  margin exists. Otherwise,
and refreshes (block 121} the memory cell if needed to ensure a sufficient margin €x1

the cell’s exhibited resistance and the threshold resistance used for normal read operations.
Fig. 9 depicts a particular memory device 33 of the memory 32 in accordance with some

embodiments of the invention. The specific structure of the memory device 33 is depicted for

30 . purposes of describing some out of many possible embodiments of the invention. Itis

- -understood that other and di_fferg:ht structures may be used, as the scope of the inyennon 1s.



menory cell if sufficient margin exists between the cell's exhibiaéﬁd',l
resi stance and the threshold resistance used for normal read op 2005
Fig. 7 dépicts a technique 115 that the nenory device performs in sone

enbodi nents of the invention. In the technique 115, the nenory device, in
response to witing (block 116) a 15 particular bit to a nenory cell,
refreshes (block 117) the nenory cell if sufficient margin exists between
the cel |’ and the t hreshol d resi stance used for

ted re anc
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t hr eshol d res st ance used normal read operations. Fig. 9 depicts a
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nore of the techm@ues escrl ed abové in connection Wt and 5-8.
As a fur EREl inPrepRavaREite b ‘B'séﬁkﬁ?‘ft%’l%‘éﬂttW$hélS’ieﬂﬁlqt?mar'ﬂ’%tct ual field
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cycles it experiences.
.- next celi in the block usmg a predetermm current level for the reset operatlon For each initial

attempt fo reset a partlcular cell and establish an acceptable margin for the cell, the reset
- current level is set to a minimum level and thereafter upwardly adjusted for subsequent
attempts, as described below. As described below, the minimum reset current may be adjusted
after all celis of the block are written.

: After resetting (block 702) the next cell, the memory device 33 determines (diamond
704) whether there is a sufficient margin after the reset operation. If not, the memory device 33
increases (block 706} the current level and returns to block 702. Otherwise, the memory device

' 33 increments (block 710) an appropriate counter to log the current reset current level and then

- determines {diamond 712} whether another cell in the block needs to be reset. In this manner,
the memory device 33 may include counters 409 (see FIG. 9), each of which is associated with
a particular reset current range. By incrementing the appropriate counter, the current that is



bit to a state that the bit is already in as determ ned by a pre ﬁ%
before wite, ignoring that request after reading and confirm ngé %2005

will inprove reliability since a read operation has far |ess effect on
experienced field reliability conpared to a wite operation. In sone

enbodi nents of the invention, to determne the optinumwite current for
reset, the mninmnumreset current necessary to wite bits in a block my be
| ogged by total or by percentage. Once a certain nunber is exceeded,
thereafter the mninumreset current attenpted for a reset or set shall be

increased to.this level. Preferably; the reset curre Rlthishi s
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partgul ghaddi tmsuﬁfcmtofhmhge/amymerlwr@hsmmmg:rteﬁéls P unt er |

the current that 9 30 Ma . e LIBS amaq%hepﬂcﬁtm@ell
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bl ock, the nmeno vice 33 Rs @piceddch By 15 o
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be used to establish a minimum fall sweep time for a write set operat:on In the technigue 780,

the memory device 33 sets (block 782) the next cell in a block usmg a predetermined sweep fall

20
) tlme For each initial attempt to set a particular cell and establish an acceptable margin for the
cell, the sweep fall time is set to a minimun time and thereafter upwardly adjusted, as described
" below. As described below, the minimum time may be adjusted after all cells of the block are
written. _ |
25 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 a1l time. If the memory device 33 determines (diamond 792) that moTe

bits are in the block to process, then control returns to black 782. Otherwise, the memory device

.30 33 determines (diamond 794) whether 2 significant number of bits have been written using sweep

10



exanpl e, the nenory device 33 may determ ne (dianond 714) whet her
significant nunber of 5 cells have been reset using a current th 36 May 2005
hi gher than the mnimumcurrent level. If so, then the menory device 33
adj usts (block 716) the mnimumcurrent |evel for reset operations and
stores this in a predefined location in the nmenory device 33. For exanple,
this predefined |ocation may be a row of their only accessible by a
control circuit 400 (Fig. 9) of the nenory device 33. A preferred sequence
may be to performa wite reset operation at current X, and then 10 read to
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sufficient. If not, the f efld (ileoia 1&&6& mand
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time. If the nenor eVLce 33 deter i ] ;);s&éﬁﬁ&dm&k(biets are
in the block tIBSPrOTR %1@%&6 q{np?gtthurr???? bI ock 782. th the
nmenory deéfmmesta&naﬁoﬁaaaammwwmammldm@mmﬁawnamw S CY ARt o

of bits have been witte SI n o) ,l}{%rzeﬁ@cm‘ilsmemﬁgmﬁater
than the ‘Hi‘tﬁP‘ffﬁ?ﬁgg agll gje f lé%;&?heen the memory deyice 33 adjusts
an adequate amount, prcferably about 20% for subsequent writes in that b ock. imlarly,

t that will set all

30  minimum set sweep slope is then found usmg -this chosen value of reset curren
) bits in the block. Then, this slope is increased preferably by 50% to assure adequate margin for

setting bits. Preferably, both set sweep slope fall time and reset current are checked at the factory

at both high and low temperatures. This procedure is followed for all blocks on the chip, in some

embodiments of the invention.

25 The memory device 33 includes memory cells 140 that are
| ed by those skilled in the art. Each memory cell 140

addressed via colftmn lines

130 and row lines 132, as can be appreciat

includes a phase change material whose state is controlled by write preset/set cycles to store an

associated bit of data.
Although a 4X4 block 139 of the memory cells 140 is depicted in Fig. 9, it
sion. Thus, the memory device 33

is understood

30 . that this array size is used to simplify the proceeding discus

. may have a significantly larger or smaller array of memory cells 140.

I
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unsuccesgsaﬁt'fﬁrrent level . As .a more specific exanple; if a wite is
unsuccessiu . the set sweep fall is increased time by 20% If this is 5
operatton ul, the set current is increased by 20% and then the set >
count er 4055.rePeated at the higher set sweep tine. As noted above
Chan nininun{ss!np{enented to reflect the successful current if gréa?er
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oy decpder 128 ro 1030w/ thig chables acread QgiTite eVl PPCPE! Ger or

smal | er menory- cel | s 140. g
20 one or more memory cells 140, depending on the selections by the column decoder 122.

The column decoder 122, in response to its received address selection signals (called A2,

. A3, WB3 and WB2) drives column select signals (called YO, Y1, Y2 and Y3) high to select one

or more column lines 130. In this manner, when one of the column select signals is driven high,

line 130 has been selected. Similar to the row decoder 124, the

the corresponding column
on of the

umn decoder 122 may select one, two OT four column lines 130. Thaus, the selecti

25 . col
y the row decoder 124

colurnn line(s) by the column decoder 122 and the row line(s) 132 b
addresses selected memory cells 140 and may be used to address a block of the memory cells

140.
of controtling the time profiles currents that are used to set and reset the

For purposes
CH and

selected memeory cells 140, the column decoder 122 receives signals called QUEN

30
ng slope(s) for set pulse(s) that set

" SET_SLOPE. The SET_SLOPE signal establishes 2 traili

12
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11 30 May 2005 As can be seen fromFig. 9, each menory cell 140 |
associated with a particular colum line 130 (also called a "bit hbnM@Yazm5
a particular row line 132, and the activation of the associated columm 130
and row 132 lines selects the cell 140 for a wite or read operation. In
this manner, the nenory cell 140 may be coupled to its associated col um
line 130 and nay be 5 coupled through what is effectively a diode 142
(preferably a PNP bipolar junction transistor (13JT) where size is

i nportant, for exanple) to its associated row |line 132. Therefore, when a
particular menory cell 140 is selected, its assogiat L Li BR300 1S
driven hi gheateiparticylar memericshiee) fbismamEery ¥hen e rf—v%gjﬁ#, a°condition
that causeg; [ BN S Burtr@ of hi@Wsdt laydde) gt doluenn deenter Y22Cieipartd A @2iling i s t he
magni tude?gl}l‘%ng%?htts{%xn gfét h_iﬂsé current pul se tée?at esta}lgr{,\#’shgo%ﬁgl&e;op?;e 10
the sel ectedgt omshroseypulss) 3s deaqyibpd RstbierRylavs Ht is grafergRly grealelipi 2 I8t Pul'se) or
reset (via a Wil I eseteonulkselvhet the sS&SLOPESIg inddinasd{dgveallew,(forl | ed
A0, Al, \Aﬁag%%&g%\%lgt?ﬁt'h%}row gecoder 124 sel eﬁts one,dﬁwr f‘%er r ow

| i nes 5132 exdmpld) dimsngewmie reset dyeler Bl wen derpder 142 dogs npRads 5fis #2788 Firss e
address signal s, sel et ValiifliiGsidz e £t Qetenti@naksiling eddeakht K0, X, X2
and X3) | B %’e %%F&{i%)y@ﬁéeh)gr m)regof the row lines 132. As an exanple, a
certai n cprefurabdit lesnhanflOtnles. addr ess signals may cause the row decoder 124
to select two of (@%« | 4 HQhREhCaabiRAldORe &k of fesct polde arls. Isi gnal s
may cause the ﬁ}ﬁ\ﬁs ec%lg\éérgufgﬁ%fo sel ect one of the row i ggs 13é ?]not her
corr%i nat i ois rdnnert aespoueas the IUFNTE signs) beiag aweradddnivan highe S &F2DID 15 sel ect
four. of the row lines . birent VLG et s, OMvEREIDAR kespbe d5 ihv QUENEHT ow

li nef®) 1%@%%4%??%“%81%3 s eg%eoé write cycle to ocour. tq.. 120 one or
MDr e MEnDfignat Bikgsdeisbaredddp eoidinngleender 132 allavede PRt I55et OREPL BT decoder
122. The col umm decoder gz, ] 8581 Sy bd Ssedl LSRG IcHEEEBIEhedbect | on
si gnal s (%Wg&tﬂﬁ?n?mﬁﬁ,%mggg &E}Zi; %[rﬁilvg)é col um sel ect signals (called
YO, VI, Yde8BU STR)PEnighal dwingelvaise saayele ance Hbrepass i FriiEH g SI®6. | n this
manner, when one of the col 3 t3RRddo kseddiyen high, the
corresporfdﬁ‘?dl’zﬂ?'h?ﬁwti(ﬁgo“ig@ﬁg?ﬁ%g%% gegl ected. S rﬁjl ar_to the row decoder
124, 14 he 25 CQqihtaddrete sigotds thaR@e reagivesiydhe royia4 apdertgpn £ 44 FELETINAY PS nes
130. Thus, the sel ecti.an of HEDhelmbREESS 140y AshA eghpleds sddestiare 122
and the r ﬂ“i%"é"("%‘?"’ﬁ%ggﬁy‘?’%@?ﬂrsc?v?\}cggecodera%ég addresses_sel ect ed memory
cel I's 14Goaisle ambodirern g Walepiduadath tablp [l HiteaigHugtmies B RA FE 1Y 40,

select signals X0, X1, X2 and X3 in response to various states for the address decode signals A0,

: Al, WBO0 and WB1. As shown, when zll of the address signals are driven low (indicated by the
20¢ " *L" state), then the row decoder 120 drives only the X3 row select signal to select one '
} . corresponding row line 132. Other individual row lines 132 may be selected by combinations of
the A0 and Al signals, as depicted in rows 1-4 of the truth table 110. For these selections by the
. AO and Al signals, it is noted that the WB0 and WBI signals are driven low. Rows5 and 6 of
'the truth table 1 10 depict combinations possible when the WB0 signal is driven high and the
25 WBI1 signal is driven low. As shown, for these states, two row lines 132 are selected, and the
two particular row lines that are selected depend on the state of the Al signal. When both the
WBO 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
mbodiments of the invention, the column decoder 122 includes dnve

30  this manner, in some €

circuits 150 (drive circuits 150a, 150b, 150c and 1504, as examples), each of which is associated

13



For purposes of controlling the tinme profiles currents that are u @dl\/i %
and reset the 30 selected nenory cells 140, the columm decoder ay 2003
receives signals called QUENCH and SET SLOPE. The SET_SLOPE signal
establishes a trailing slope(s) for set pulse(s) that set 12 30 May 2005
selected particular nmenory cells(s). In this manner, when the SET SLOPE
signal is asserted (driven high, for exanple) during a wite set cycle, the
col um decoder 122 inparts-a trailing edge on the set pul se, as described
further below, that is preferably greater than 500 nsec for the trailing

edge fall tine.. Co rsel en the,set. E si [ I ven
low, for 5 exa}‘ﬁﬂ‘é;}\ﬁg{ﬂ’ﬁcﬁ Vm\'/ﬁ'ﬁ’bg Pe°§’é“t°"8§/ Vg o gﬁgisgé ?chin%atg%iogghx?g glrfdoes
not add this L §e@dchﬂgr@deéiﬂﬁjgzwrﬁ@§uﬁthlﬁﬂﬂx dneoammeszems 10tof by asyokizkd ?olumn line 130
termnating the reset current wt eher, ess
than 10 nsec. MAESPERSERE TSR] 1S P‘é’"@g‘i 1‘6“ rﬁ“F'%f Ié(ﬂ?‘?ﬁﬁe c'tllar\/\ﬁ ﬂ?E'hék%éﬁh
Eet or rese: Séilkcgi?lwg&wek mec]Eam aﬂ&@ﬁ&igaaﬂsmms?gme?d wmdwﬁl%%fzmml
ei ng asserte riven , _for exa co

the current r e%@@#§€kd&ﬁc§’@5 DEEXIvEE I-ﬁ“d P}%El?é%?@é‘sﬁlé&?ﬁé“@i%\ﬁﬁoé? ‘é‘ﬁcéffts
bei ng deassertgg, IEMImlaHm?S{ﬂﬁ?&ﬁ&ﬁvélﬁzAﬁéﬂﬁ%pkhﬁe&Wd’cﬁi&tutﬂﬂhﬁkacﬁﬂa&dﬁn

pul ses (if occurrl ng é to continue. Thus, %ENCH S|g may be used to
end the sl ope respergsig ﬁéféefﬁ9ﬂ°ﬁ’1%13§€¥°81§€ﬁ|?y§}? spdeglirH gsaﬂa wite set cycle

once it has passedyidifieehibbdifidhts 8he SiveRtn, 6E WiSdeadikhi? 850 @Ay kave Henircliatyahdt is
30% of the current required to reset a bit). 15 The address signals ”]é
are.received Biustrited indig. 12 forahrdrivs ciipHit @2 b aagigalas thednvp gircyislg may Hclude a

var ety qfp di fpféiﬁﬁfa{) Jé)seﬁﬁéo‘ﬁ&&ct&hﬁldmfﬂmt%ng%} @MASFET)S 52 thaChRITH soued
at | east one possi e o I ment, Fig. icts a .truth table '}éo th:ﬁ

i |lustrates t kminel @emlptbw agfositiNe voltsge ﬂ@elYe(aHE%Vg?Paaﬂg ity grainderminal oo f
response 10 V%d\;\ﬁ a?BPfPﬁ%FE’ﬁ%@dﬁ{eaﬁﬁn%ﬁﬁdﬁ‘oﬁﬁ@}absm,lss Ah urd)BO and
VB1l. As shown en a he address signals are driiven |ow (indi-cated by
the 20 "L" st atupled to e nolma ling haQbatdeessociae Wit Be drivairutt 1303 1 ow sel ect

signal to select | A dbsbdaks gw
Sianal Lo sel ot O e RAUEERPONHL PUCSIET 50 RcUIS Loty e

nbi nati ons o the AQ a nd Al %}%nla
depi cted1§n rm&mwltHECYﬂMP%DEO@WdWqrﬁ'é‘%@%é}sé’&'ﬁx e ‘bé’

AC and Al ST Oflcircdit 1908, HOLAkchHNaN 2 ARG Iand R edeivat GRDEC VU gl v
| ow. Rows 5 and o e uth table 110 depict conbi natlons m% when
t he WBQ-&i gnathisisignalrs %Getrrteldl(éweahwht Reeogpi@ihespyrgfianpatt o4 4

shown, for t h«%ﬁﬁuc?staactuﬁ%m tﬁéﬁqn L Qe i:)@ﬁe,sis 13201Rh& b%ﬁb@ﬁM@@FE@rld&t Bethis manner, the
' gate terminal of the PMOSFET 158 receives a current sense signal (called S2) that establishes the
20 current through the source-drai;'pa'th of the PMOSFET 154, the source-drain path of the

) S PMOSFET 158 and the current that flows into the associated colurmnn line 130. Thus, the source-
drain paths of the PMOSFETs 154 and 158 are serially coupled together with the column line

130 during the write operation.
As described below, depending on the number of memory cells that are selected along a

25 particular column line 130, the column decoder 122 adjusts the magnitude of the 52 signal so
that each activated drive circuit 150 provides more current to its associated column Iine 130
when two memory cells 140 per selected column line 130 are being written than when one
memory ceil 140 per selected‘ column line 130 is being written. Furthermore, in response to the
selection of four memory cells 140 per columm line 134, the column decoder 122 adjusts the

.30 - . magnitude of the S2 signal so that more current is applied to the selected column line 130 than

‘when one or two memory cells per selected column line 130 are being wrtten.
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two particular row lines that are sel ected depend on the state of Al
signal. When both the WBO and WBI signals are driven high, then %brﬁ!ﬁy@@5
row lines 132 are selected, as depicted in line 7 of the truth table 1 10.
O her conbinations may be used to select the rows 132. Fig. 11 depicts one
out ‘of many possi bl e enbodi nents for the col um decoder 122. In 30 this
manner, in sone enbodi nents of the invention, the colum decoder 122
includes drive circuits 150 (drive circuits 150x, 150b, 150c and 150d, as
exanpl es), each of which is associated 13 30 May 2005 wth a different
colum line 130. A particular drive circuit 150 is activated for rposes
of sel ecting aﬁﬁread@démgﬁwheeﬁlmg:mﬁlaﬁ()r'ﬁﬂi“??ﬁéPMOSr@&e{%é? fosmel%f)r%g its
associ ated col Line 130, 1 Nil-98000SHis hfinftr Sheidalce tdiminal sf PIMOSFHEASOY a
decode ci Fﬁﬁ?’??%%‘fss%rm]gc%g]m%l arly. the decode . oj reuit 829 réggé es the
col urm adgy @apledioghadrain A2minaBof tBPMEISHEVA 4. andithe dra SHRG2 d’éi“lf' a |1;nal s
cal | ed DECYOQ DECY|  DECY2 and Blixed GikEdrivocinliisat Thd e decode
circuits 3&E&o0 %‘dﬁfhefgﬁﬁ‘"g‘ﬁ lﬁggésrf%sﬁgcti vely. As an exarrglre,' the drive
ci rcukt 1RQRinaBof@MOSFBIad6iretcivees porestsenss selird Ss fthfs BEDGE SPHET si gnal
by the.decode circuit 180. 0 L e & sidABtol AAMBHELE Vel dfhe dri ve
circuit 1?@1%93??;‘9@1%‘@%6?%@%5@?%@9?3 i I I ysstlérﬂgt ed jliﬁ Fiag. 11 for the
drive Cir gatdat thaQRws toupankid sstoiated dohwnmoliie 30 during@iTeadoporahigl: ® MAsOEa 10
P-channel netal - oxi de-sejg _conduct.or _fi gL Le6l sduf R Paindr e KMVEBET 154 154
that has ﬂ@@@tﬁp%gﬁ?ﬁrn{?ﬁdfmélg%gl%ﬁﬂegkgﬁ Posi tve v%lat age supply (called
Voo), and itsnélédhin fiRrizonal coupled to the source termnal of a PMOSFET

158/ The drain term nal of the PMOSE ! I1Ss itE iRl Redrck Bathhe
col ub | ine 13%rck e cireuit L spay Al fucl %&iﬁgoﬁﬁf,g 7’(};;?%:3? t 150, Tﬁeggat e

term nal mugkhgem&s&cﬁ%d’mm Boend gowes JoaitaiFransbgeiPsi gnal 15
(DECYO, DECY1l, DECY2 or DECY3). fr t o) i k Lissd 8k (aASerdigl Xapl e,
for the MWMQRFE]|IPEFeRversFeset %‘ﬁ’é‘ﬂ gcgléﬁ%ﬁhﬁg%* ﬁ]tﬁigﬁe PMOSFET 154gﬂraecei ves
t he DECYQ,ShgRfhcr Yoan opdriticn 16 iiyttakee enerars stored dut odbd srppriEngR! gl any e)
the source-drain path of the PMOSFET 154 conducts a current that, .in a

wite cychnel30s established by the PMOSFET 158. In this manner, the gate
ternjpal of thamBMASRETadSS of £asiildscianntic disgiam Setbrdrsiesirabit {208F ed S2)

t hat "establishes the 20 current .thro e leRiRddc e finst e
PMOSFET 1dspictedfigFigolls E!’éPﬁFéﬁveﬁgfwmo]%F’hléagﬂ%&éﬁagfé%egnd t he %ﬁr rent that

flows i ntQ Lheyaaseat atsinvealtiom CilicndesiBO arePhasible fonthesisiye slacuilghS8) i 9 hs of
t he PMOSFETs 154 and 158 are serially coupled together with the colum Iline
_ embodiments of the invention.

To generate and control the S2 signal, in some embodiments of the invention, the colurmm

2{5 decoder 122 includes the foliowmg circuitry. This circuitry includes a PMOSFET 186 that has

b s gate terminal coupled to ground. The source terminal of the PMOSFET 186 is c‘:oupled toa
positive supply voltage (called Vpp), and the drain terminal of the PMOSFET 1861s coupled to
the source terminal of 2 PMOSFET 184. The gate and drain terminals of the PMOSFET 184 are
coupled together to furnish the 52 signal. These terminals are also coupled to one terminal of 2

resistor 188. The other terminal of the resistor 188 is coupled to the drain terminal of an N-

. " channel MOSFET (NMOSFET) 194 that has its source terminal coupled to ground. The gate
terminal of the NMOSFET 194 receives a signal called W4. _
Thus, due to this arrangement, when the W4 signal is asserted, the NMOSFET 194
conducts, as determined by the resistance of the resister 188, a current that flows through the
PMOSFETs 184 and 186. This current, in turn establishes the level of the .S2 signal th_a_t,i in turn,

30
g “establishes the current that flows through the selected column lines 130.
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130 during the wite operation. As described bel ow, depending on ﬁe u
of nmenory cells that are selected along a 25 particular colum Ié eN@%ﬁ?ﬁ605
t he col unm decoder 122 adjusts the magnitude of the S2 signal so that each
activated drive circuit 150 provides nore current to its associated col um
line 130 when two nenory cells 140 per selected colum line 130 are being
witten than when one nenory cell 140 per selected colum line 130 is

being witten. Furthernore, in response to the selection of four nmenory
cells 140 per colum line 130, the columm decoder 122 adjusts the 30

magni t ude of the S2 sign so that _mmre curre I S appl.] 0,.th ected
col umm i ne 13@he tesiptor K%ﬁéﬁdﬁﬁé‘]\épsf%l?f’eq%PW é‘IpI“E ﬁig?uﬂﬁa tj’fﬂﬁcflsm?lgl]ﬁn l'i ne
130 are bg Vgrﬁbgﬁﬁ{}nts éﬁ'/os%dgﬁﬂonzgﬁﬁoluﬁﬁ dedoartt 20 Pehiles i, sutﬂmﬂszl:rwmets

| nc

circuit 150 es a 156 to route the rea curséq%nt to th
associ at edO%EmhmﬂB% The differences betvream e pulsg FrvtpfilaEe eqbisheg by ‘BNBSFET

156 is % SE?Oﬂfﬁt }l@%ﬂi %g rr@&emh aQfic § 400 cRNPSEFhe MMOSRBT 19heindiiai n

t er m nal I's coupled to the colunn |ine @%ls
associsat eﬁha\metrhht Hlepetirnie2Qbirensives 4 Signal galled Y2 andsthe glpps Gizpuit T
recei ves a. C{i Eeﬁntwfense called St. to this manner, simlar to the S2
si gnal, tREES Hecoder 122 adjusts the magnitude of the Si

adj ust the | evehendnly engrmeniry ceht40fis s writenpajiseleried edwpp fiag &P E’H? H’r"m

130 durin a re r.at i.on t fo defiie BVESF i alds
coupl ed i @dﬁiﬁF P g rekuln 'g"gﬁ‘?%g; r&g%dég?gl{%ﬁg °PVOSEET 154 “gﬁd t he

col 3rm i aamﬁﬁﬁne 1530. Baﬁrhved,nfwao memwmccllslie}@amsybawgﬁm PrEpeletedso g EIeET 157
t

that has its %Q.L @r@@@ Gwickie | i ne
130 &fd g?%h gﬁ'ﬁ&’ 32 4 & mh%ml?% [ fklﬁ%%:%ir 157 I‘EC)EI ves a reset
Si gna: §c&?éxedc‘m£aﬁempwahm \grmlont mmon@eaémwmﬁmvé%;g‘gmﬁnm ;hle

exanple) after a rea r fyar Uert Be :
capaci tan@é fﬂ‘ém%g'?eu%ﬁ éHltl he %Lxg(gg %En%??ﬁ. nﬁ%ﬁe?xﬂgnp le of a detailed
schenat i cwij agrwmsibeils drhistl sisérved (dmmdng!x ibseampg) toeepsecaddiionpl quTgnt i Howy e

other drive cjrcuits 15Db 150 In d&Sha [den sone
embodi mentEough e seleqisd rafipin IH'CS é%%%g%%g?%‘f%ﬁdsr?‘lﬁ% for thge;%url ve

circigt 15Quitd 00@hRake a;@fd;mdtermhlbstoomptewemlﬂmmnm bimy wahtirgobthsngd

control the S2 signal Ofrrbodl nments of the invention, the coI um
cirrent among the pulse cm:mt

For purposes of establishing the trailing edge of the set pulse, in some embodiments of
~ the invention, each pulse circuit 200 includes an NMOSFET 190 and a capacitor 192. In tins
.. manner, the gate terminal of the NMOSFET 190 receives the SET_SLOPE signal, and the source

nD

20 - terminal of the NMOSFET 190 is coupled to ground. The drain termmai of the NMOSFET 190
d s coupled to one terminal of the capacitor 192, and the other terminal of the capac1tor 192 is
_coupled to the drain texrminal 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 ¥he MOSFET 194 de-activated, the capacitor 192 introduces a time constant to produce the
trailing edge of the set pulse. The end of the set pulse may be controlled via the aségrtion 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 o.f the

7- write cycle trailing edge in under 10 nsec.
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20 decoder 122 includes the following circuitry- This circuitry igbl eséslo .
PMOSFET 186 that has its gate termnal coupled to ground. The sodFc 05
term nal of the PMOSFET 186 is coupled to a positive supply voltage

(called VDD), and the drain termnal of the PMOSFET 186 is coupled to the
source termnal of a PMOSFET 184. The gate and drain termnals of the

PMOSFET 184 are coupled together to furnish the S2 signal. These term nals
are also coupled to one termnal of a 25 resistor 188. The ot her term nal

of the resistor 188 is coupled to the drain term nal of an N- channel

MOSFET (NMOSFET) 194 that has its source termnal coupled t un The
gate termnal &b gticeateNMBFsinal gvesiablis hewabogiegihde © ‘Lliﬁﬁ“f’giﬁcc&ﬁlg{ﬁﬁrﬁcgudea&e to

this arr angﬁ@}{mﬂ &L L%qts\gﬁm@; QRdled llosthé%§gﬁpﬁ@ wolthR ahiviSEd teirﬁnﬁai

conduct s erm ned resl stance o e.resister 188, a Fr}l
that fl ows colplaitgigron 'B@mﬁﬁmsi ofsh:iaﬂesﬁ%%’wvﬁﬁ??l?ﬁrt? ﬁﬁts"“’F%‘eFﬁ‘ﬁa °

establ i shes Rthe PMOSFETIRI2 afSdoapled &hes the
current thﬁ?ﬁtﬁ%ﬁvﬁhrouﬁﬁq‘fﬂg ect eé‘Eco Srm | i nes, 130, 1? .30 J@
I

The resi st wmﬂlﬂBofaﬁekxdldtQBNmElTshM signabaFhe agffer serpinpled the regisipy 2

thi s manner Odl V, - anﬁgjmnmtr 122
i ncl udes tm@l&éﬁ%ﬁnﬁﬁm {i‘r%‘,g%ﬁﬂﬂ{o%iﬁ?%g%ﬂ%gd EZOOC The d|f reﬁces

bet ween t hg3qislcowpiedits gmuﬁds m&aanm afthé NMQBRET 23f ccpipy signi (

resi stance 188 and t & SI n rec LS80, Nedus, hurih £ rAVOSFET
194. |n t hihatisapgreddpny +° gt m@%%ga?%gg ves a S|uanal é(;al |l ed W2,

and he sl %tﬁhftﬁﬂteﬁdﬁﬁﬂﬁfdrﬁﬁé ﬁvmshaPM@Sljﬁ"és 230anfl 822 farms (e §hFgnaha

i cell 140 is. t %l;en Sgﬁ selected colum line 130, only the W
I S|g%1 | &2 5"%’?&‘8 % , the pulse circuit 200c is used to
set the currentﬁammwgwﬁxhﬁhnctﬁmmohplnbtola%mﬂe@m@mﬂl cirpuiendIhBerdt Yoolel | s

140 areto be witte ected col il 19 and
W2 si gnal sbythememenydeyige %Zijtrolti‘;gﬁt zﬁlggtﬁre %mth o?&t%%ai%@ear& beheROiuhmtiie 1

exanpfe) tO cause tw ce the
| evel of cairing Iatreati@pérhﬁnﬁ Hesenrivgre Fip A2, mmmc}nhpéimcnmﬂ}?éﬂv%%ﬁ# Eidhe 130

tt th | ect o 140

SR AL AR

asser i b @i € valdidir %o ow

thr ouigsﬁ t he %stgrlﬁgct eg co r‘r:n | i es 1§Q®YTJ13 gg}ﬁgaqﬁgﬁmpimgmg[,@ﬁ stors 188
Grgi e sl Pl Sus5o 1Al

in each ofesteh propriate val ues, to

i mpl ement t&rhﬁndl QE @S S@hpardib BBO0 s Maxiogpitd tmgh@q?olumlmfcuﬂr aditheyinkergng Havtu| se

cireul t S %gn(%nnai of the comparator 500 is coupled to a current commumication line 502 that conducts a
current {called I7) 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”
J ;:rf the resistor 508 is coupled to the emitter terminal of 2 PNP BIT 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 BIT 510 effectively forms 2 diode between the resistor 508 and
ground. |
| 25 Thus, due to the above-described arrangement, the non-inverting input terminal of the
-l 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 BIT 510 in the comparison formed by the comparator 500.
- 30 Due to this arrangement, the comparator 500 effectively compares 2 resistive threshold

(indicated by the voltage at the inverting input terminal produced by the product _of the }r current
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For purposes of establishing the trailin
_ : ng g edge -of the set puls ﬂ EE
iggodl (rjrent s of the invention, each pulse circuit 200 incl 5deseéné‘ rm12005
190 ?gce?vggp?ﬁlet grETlgEdD:En t hi sI manner, the gate term nal of the NMOSFET
_ _ signal, and the source 20 term nal of
?(I\J/ﬁrsg éLgooan ;:ce)trJ%l ﬁgl tgf g: ﬁund. The drain term nal of the NNDSFtE‘T'elgo S
: . ‘the capacitor 192, and the other t '
fﬁipgc; (r);négrzrelnts \(lz\ﬁupl ed to the drain termnal of the I\/[)SFETerlsr;14na|[)ugftE)he
_ , en a wite set cycle is perforned, the SET_ SL-OD [
Is asserted to cause both term nal et
ground. Theitsd esistanonkbhe rabtor ﬁ@)&;ﬁ;&i@ggﬁc ’(E’:’llo%yoc{e“gfigg g(gc%gipam tQLEdlgg
r
0L R Ty S By By REAORb Bepbtitd by aigonatstided b Ul oo
ro
si gnal t ombRoryicElhil4d dnha rcaﬁ@hﬁeféé}ﬂllﬁd kb‘héb@qéfe V“%&?‘P%&eq‘ ert gg}gjse%ﬁg IQJENCH
(r:reggz egulb’éé ﬁ?@\%‘gﬁ}ﬁgﬁ SET SLOtDE S|qunaI unasserted and the end of ;the o
ed via e ENCH si gnal
;rngﬁcr:]gdted N- Chuis m:mﬂmﬁtevmsbmidmheém%#)t%‘hﬁgr eter‘gﬁhy USIt%g urm to
o]
Cnder 10 GiSeEaE g vale iy SUyRRe 108 i sohlEmbliink s 158 By opuny bogresod
e
read c ur I Giteat shive 513l (wider decontat Oﬂ@ch’nﬁl@! GiEFé‘§ 480 Wﬁc QE{‘}?’P?P’S‘{‘ asz lalsﬁht L
source coup(lz ed {0 the \r/on Su B%TSIW defilafifd e eveoMind Ir caverpl Iedst
?round Trecomg] ipes aHHreRIIS % ET 236 i's coupl ed e sour °
atrare rycgzj:ol gl(‘j t?ﬁgﬁﬁﬁﬁg EﬂﬂrfofﬁheregabmmOéilﬂd’laﬁmt"é'?‘ﬁ?‘ﬁ%fp’é’c]g? ‘iﬂ&%ﬁkﬁ% 232
The B horosrerrith SBBre PosraoshesEatant sl e B e Permi nal o
an NVOSF], Zanaik e o 2t RS eSS Ul ed (o
19[1 g'l[m?s The ga‘g@ gp dE g}rv n%)gﬁh tﬁter ISI\ME,EJ 2,3}&,, é{-&lﬁlaﬁoﬁh@&ﬁhpa(rﬂadpﬁoe)d RSD
operatloa%{c i W §A' 67 in response to a read
operat i o r;sz %eggu;ﬁean a;;uggzrue?%:a tHe@avel andOpgh mliagﬁ presprt 2 Ga OGRS fRRHEEFPom t he
sel ect ed %€ &e&ﬁ'ﬁ'l’?’?‘ﬁ‘é{ 3 @suégéhﬁgmﬁhg&ﬁ&i‘?{n)th@m%l%é@ ,fgagaﬁn&phmeﬁtatd "
ngg% a; E,g gﬁ%qlﬂdgﬁggg 1@0{1ﬁatdmgarm00hsscns@weuo ingljeate i ettt I?")?%g@g‘?l g gg to
re It that. of data
during aapdf thssaysiafling FRtel e PIRgY £ éﬂ‘ﬁ&o e]gegl%?ﬁ@;sodr(??e%?mngﬁ?geo% 3t0 h
I nventi Ogrgnﬁlh@ufdﬂﬁ&! another memory state (1 e., the “1” bit). .
: ificant degradatlon of the resistance exhibited

U

For purposes of determining whether signi

by the memory cell 140 has occurred, in some embodiments of the invention, the threshold

- 20 current source 516 increases or decreases the fr current appropriately to change the res:stwc

J * threshold. For example, if in 2 read operation in which the Iy and Ic current levels are

approximately the same, the comparator 500 detects an amorphous state for the memory cell 140

_A during the read operation 107 (Fig. 3), then the threshold current source 516 may be used (under

the control of the control cn-cmt 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

te for the memory cell 140 in the read operation 107 (Fig. 5), the threshold current source 316
y decrease the |

sta
may be controlled by the control circuit 400 to decrease the It current 10 effectivel

resistant threshold during the subsequent read operation 108 (Fig. 8).

Other variations are possible. For example, besides manjpulating 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
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path circuitry 499 includes a conparator 500 to, in response to a??bﬁ%
operation, conpare the 15 resistance exhibited by the associ ated y2005

cell '140°with a resistive threshold that is established by a threshold

current source 516 and a resistor 508. The non-inverting input term nal of
t he conparator 500 is be coupled to the colum line 130, and the inverting
input termnal of the conparator 500 is coupled to a current communication

li ne 502 that conduct S rrent t hat furni sh b
{hr eshol deuPrEna Egtred meshos BositPia A erdamiitenuty cidrol tapa ke’
coupl ed tand lhwercitirashsids {using 3paliclanchphalatorsithevoil delay. Tak loghfal ¢dmepariesnsadfor

508,15 CONRBHh BwARL LA AREMAA o oy YRR (oP Ko B8 RS %E I 1

of the I'S coup roun € COo termn he BI T
501 i s cOUPreYs Mo} ound Due to this arrangenent, the BJT 510 effectively

forms a diode Mﬁ&ﬁ@&ﬁé‘ oﬂuaefea@sgssﬁ He é@@pﬁﬁ@lrcﬂwygdln sdfme BRbDdinfines dfthd he

above-descri rr.an non-i nv ut ter
comer ot drvanien AL GBS TER il e TeHiomhor o) stotes s Sote el ARG cel |
140, and didreal of the eorhpargtor 50iLih rdspondenalanetigé biea docksignat @allcd(RLK) dodhives an

i ndi cati grﬂirﬂ%r Lig ré/sﬂll c;eplggﬁoﬁca?tgﬁtﬁe tcﬁrﬁparraﬁ? lSﬁ(S R4 é%len?mﬁe lﬁqw]i@zgw %ﬁg@ﬂer 0SS

t he di od acr 0ss
t he conpdhe §§ﬁ¢clatﬂdmn%y cglhtA0g Wﬁéﬁ{apﬁhe b 5'&9@* t@aﬁom&ﬁt@tﬁﬁi to %Uﬁ%lﬂ’gé]rﬁs nt,

t he conpaippison toS&Qreqﬁé Bi@&lété’&éd’bm%ahﬁﬁraﬁ)r 566.1 1%k Iﬂmmdpmoamlué coﬁ;rx%ugbdéttat g ]9!
u

by the volt |nv i ng. i nput term nal roduce

The 1T o il s68, feliiingtls Bl gain R ambariRancs ofenpmiom 0 keeby Ao,

wi t h t he sbesestaickdes a mnsﬁETmOIthém@s (t¢ salirestemindlcotibled tocd pastiiee Gagplt he
non-i nver, hi bi t ed
o o€ bl Ay U BB PR drab it oPHEBURGE Y S BRSO BREBLREN D1 | €
t he col urtwmnahef @!@G‘%BMQ%EJ S22 cHhe dfplert%m!fcﬁh?f thg PMQ%’ETtﬂ?@ inddnsis gaded

t hreshol g, ﬂ%kuh@nt%ﬁa'ﬂﬁﬁﬁ':aﬁbﬁ kfﬁbtshﬁ rTr@b’%&gieF}Qinélhﬁ tHeTPl\Wéﬁ?f'éz@fecQNes ghangi ng
the value of the resistanc he invention, the

t hr eshol di9ngl et NORMAL# @fﬂ t'ﬁﬁﬂi%%éf@ﬁ@* ‘é’éfﬂﬁ F’MPSSET@ﬁ% f%wﬁ? e Rhise@-t 400
(Fig. 9) Daktdhes mémemewrmg addrmilir8acCotiratdh 107 (6. 5)]M)enl’t&@uia&g]|e& riohe

ranner - PAPBAPEPR e BAGRBHLR sond 8 aioerS Gl Pt el i G dbvalelnd " e
t hr eshol @MASFEI520eibe @welwéturahﬁthah@ow@éhrougllethlesoeﬂcedfaim bagh oTthe M@SRET 0 t he
same | evegbg RSset BPthk PMOSEER S22, I0EStrolidd by the S1 signal.
The threshold current source 516 contains additional circuitry to control the level of the
L.sub.T current during a read operation where the threshold is lowered for purposes of checking
the matgin 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 fo the VDD supply voltage. The
gate 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 528, 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_LOWH# signal is asserted {(driven low, for exampie) to cause the source-drain path of the
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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the resistance of the resistor 508 is | ocated sonewhere between tgﬁ EAé;h
anor phous state resistance and |low crystalline state resistance,“th y2005
inverting input termnal of the conparator 500 is set sonewhere between

the | ow and high voltages present at the non-inverting input termnal of

t he conparator 500. As a result of this arrangenent, for the highly

resi stant anorphous state 15 of the nenory cell 140, the conparator 500
asserts its signal to indicate a "0" bit (for exanple), and for the
crystalline state of the nenory cell 140, the corrparator 500 de asserts its
output signal to indicate another rrermr é & %ﬁﬂ"l y % e FoOr

pur poses oﬁmaémmtnteptgmhef%ﬁl\@%ﬁﬁsé 5& @fea‘i?ﬁlt Fhigegten #E PS€% ance
exhi i ted atl Qﬁ(h lg@fsg]ig'%bh 1s%9p[&ﬁt% iR GFdif fefilnaliresisiasB0 Brdbopledrbervsenof t he

|nvent|on O current source 516 increases, 0 t he
I T curr enttheaqb'pm@qamlrat oflthe RMOSHER §28 widerouad; db¢ chtdl’ﬁ"égﬂ%f’ff g@?ﬁi g%%l e,
if inaread Ofﬁl’b&weﬁnﬂhé, Qﬁmggﬁp"m% elagd MeQotrée ©HHinA RE the @WEDSFET $28. The

appr oxi mat%fo“p € safre rator 500 detects an a t e for
the nasmor gaeeédnnihwﬂxdﬁmmgﬁflﬁ& isserpleside thegatsierzpnal eﬂ%”@gﬁﬂfﬁéﬁ
threshold current 50‘”0 ﬁ%)ﬁﬁ‘ﬁ € Y56iRLy bd &R &Q@mtﬂﬁfmﬁﬂﬁceontrol
circuit 4(5]5 {Ottﬁx ‘?%galt res r(l-‘ﬁ? t():y |ncreaS| nsg the IT current in the
25 subseqlﬂ&aihordead operatlon 108 (Fig. 5). Simlarly, if the conparator 500
detects a crystalline, sta hfudeS i sobe AmbbdifnBfts bemd operatlon
107 (Fig. 5), %%tl"teﬂ} eds‘h"(’:')rle'ét gﬁrrgégfnét}ﬁa ugrgge U&E sr?a be c]ontrol I eg é t he
conar ol Cixfventich, €R0Gintyeo chise theds enrtentlevel tocheekohe W@Wﬁ@dﬁ’? PEYREL fedse t he
r esi stant threshold ur| the SEAUS ﬁaﬁdmﬁ@&:ﬁfljgﬁﬂﬁi

a hetOvar fig@AmgRDo 'éfr I&g ??e exarr%%mwﬁgsrﬁﬁﬁs mani pul at i ng)ﬂiE é—}l
current Ieaseismteaﬂnﬂhau;gmmhmmntypmmmnégﬁé% Thetsqerce (PR ES may
be varied, suc the ce H08e shidte R¥AMAI F théOne
skil I ed |RM9$€E3%?5 A ?%“é%ﬁ‘#é?‘gfﬁ“gé%ﬁﬁ’gto the 18 30 May 2005
convent i opﬁbsﬁ‘-ﬁe rsts-ar;edx)n,tidmphd) locth¢ BB supplymeltaeed JThe gie termamet it us| y
conpare i} her and t k DG ertedati?dnl 18W, f

conpar at of Y %fgﬂgti/gf &%Iaéygnaiﬁ]aﬁ@c{sog}?ca ﬂl%%‘ éllgg‘lonseoqu t he out t())ats w |

al | oy t hee:@h:h:&) tolndledtehrintesasd resistive threshhldi Thns aderithe S HICHH#HEPLEY wite
cycle to inprove nargin f&f‘%ﬁ rfa afiedeDsr fudRsh pat h

ci rcwtryas iq‘?lsoé‘ﬂ:ﬁ%”é%’ﬁ t@nﬁ@gF tr%%&cf&ﬁl?éetgntlon the ci rcuitry 499 may
i ncl ude %o@dﬁd!dﬂﬂ:yfﬂhsmﬁﬂeahmﬁﬁéthummbﬂudbsﬂtpﬁéfl@ﬁﬁfé%f t he output signal

g.K; hel EO{TE ?; %0 E’I\POS - 3%?5?(%11915 Sin aoc@gmqgigl% %m@erﬁén@%h%‘f@ﬂ@s}"ﬁ? 840.eml

this manner, the gate terminals of the PMOSFETs 536 and 540 are coupled together, and the gate

_ 2t'.l terminal of the PMQSFET 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 Voo 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 kr current is raised to the level set by the

25 resmtancc 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 controi such cycles i 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

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

30
- particular read operation. The control circuit 400 receives signals (via input lines 401) from the
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manner, in a read operation, after the conparator 500 has sufficigpt
to indicate the state of the associated nenpry cell 140, the st g@ Igiafﬁeoos
CLK signal transitions states to cause the flip- flop 504 to store the bit
detected by the conparator 500. The flip-flop 504 may be connected to a
buffer 506. Referring to FIG 13, in sonme enbodi nents of the invention, the
threshold current source 516 includes a PMOSFET 520 that has its source
term nal coupled to a positive supply voltage called V.sub.bD. The drain
term nal of the PMOSFET 520 is coupled to the source termnal of another
PMOSFET 522. The drain termnal of the PMOSFET 522, in turn, is coupled to
the curr enfienk@PaTcGatidate b poenbifi2ddFives g cemmandsi that invglve PR PRREETFCE 2 0
receives a signal called S SR dnbeiteRVOSFET
522 recei s It s memeg; ?15‘?““” b@"{‘“ﬁlrg‘“’é&’r%ﬁ‘gge‘mi“% dur%lr?gé%nnor mal read
oper alt i on aL0kprkded § (a%)zo wﬁla: {hb etormge of datd ssaniated vt thgbwhiavite aperttivg “SEII\_IOSQQAS\L#
signal is asserte riven |ow, to act| [P Ol\ﬂ;@]}

The | evel t@geted remdry cgllidfl Pf@ﬁ@’%‘ﬂﬁo‘%&ﬁmﬁe e %(‘g(}enﬁprgfyhalé;

PMOSFET  528iérai SRhityysubh 8, RYleirhple, 3212ta bafferosn to mmPeantarh@egz*aﬂW The

threshol d current solrce 516 contains additio ol the
| evel of tieand out pffhememprdisyice st P ORTPREH S %?arté)ﬁff' é(’)ng'\&/'\#u'é bus 9?]9;9'&#(3%0' d

i's | over ed, £ 06niioR RS&$109! TEOREKoNYevitd B3 mragsormé:we atnhgdmed uufmh@ﬁ thite ceI |
is in the crystalline state. In this manner. .thi +C & bufed %
PMOSFET 5 2ammtieatdsaththemesemybus Yia compumcstioh ¥pes Uy C%/E% suppl y VO tage.
The | gat eyl tegaéf&sfggé as%fcmwaemﬁl\ﬂ;l@&&} oga%omwam dac:slbgﬂlaladdredsémd& oA, The

dral)n termn PMOSFET 524 is coupled to the f
anot her PMISKERy EaGratethe addiess gienals(on the cgfon s ﬁ’i@ﬁ&%@ %@esﬁq%g%pl ed

to the cupfent, HREATH PIThRh §83 8RBddr. n@smaba#wmﬂcmwmmmmammmm
during the 'l ow threshol d mode of the threshold_hold cu ent. ieggls%m t he
S LOW si gmaers @%sgmmx@@teeaﬁi FLORSH PRI SG] SWESRL i RS B “5 ““%‘h

sour ce- dl‘%l ﬁ’@b&@& e 3’MOSFET 524 to conduct. The level of this current
is set byt e T526 The PMOSFET, 526 |31 coupl ed |n a_gur =1t @ rror
ar r angenent Wi Refferang veIS REE 52 81 Sopts embpdimegts 86 e'g?ﬂ% “fahRer. T he “gat e
ter a' S ik meBo ﬁ:&mwbtpiwdtﬂaﬁ@ﬂiehmmomﬁﬁ Bhe gate
ter mg}'fjhﬂgel:’%gg‘%nfgg&&cou Ied@to its drain term nalcrgesd stor 530
is coupl emhrﬂwlaweespmftw@odﬁ@ﬂﬂﬁﬁqfwﬁf‘mbfheﬁﬁﬁ‘p % YAMd ground. The

sour ce- dr 3l 0 AR AL oFmBACREGTcResdds of donouR aclofanipheptatiseoEDSappi y

voltaeap urcetermnal of the PMOSFET 528- The
? system bus 40. The system bus 40, in turn is coupled to the memory conn'oﬂer hub 34 along with

.an Accelerated Graphics Port (AGF) bus 44. The AGP is described in detail in the Accelerated

RF

~

) 2(5‘ Graphics Port Interface Specification, Revision 1.0, pubhshed on July 31, 1996 by Tatel
) Corporation of Santa Clara, California.
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 {viaa hub intérface 50) to an input/output (Y0} hub 52. The 17O bub 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 /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 drive 58 and coptrol operation of a hard

disk drive 60.
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5 gate termnal of the PMOSFET 532 is coupled to the gate term nab M@he2
PMOSFET 524. Thus, due to this arrangenent, the value of the res Qt 005
530 may be chosen to |l ower the resistance threshold. The threshol d- current
source 516 may al so include, in sonme enmbodi ments of the invention,

circuitry to raise the Jr current |level to check the margin when the nenory
cell is in 10 the anorphous state. In this manner, the current source 516
may i nclude a PMOSFET 536 that has its drain term nal-coupled to the

current comuni cation |ine 502. The source term nal of the PMOSFET 536 is
coupled to the drain termnal of a PMOSFET 534. The source term nal of the
PMOSFET 534, i iy iditeemboBin@atsplf éd inventidnethyg@ueumoniroie beiadbmarnelugat e

termnal of the PMOSEET 534 recei esaS| n $hdtnc I

that is asBePYEEPYIHFIan Tt ;e 055 5 R ER %J’l c%’l;L gg‘f'leﬂthe |ﬁ%%g32€
resistive gbneshobds 36T£iid5themmesl iybtemSOIzHuGﬂd@Psmgmads ﬂbe mgmepraoaElier Be
source-drain path of the PMOSFET cts alnd ({)da? .lhgy%l Qhcurrent
conduct éd gsyeretes senals e pdicae FreFope ﬁ’gf’ gﬁfl h FET 536. The
PMOSFET 5380k fited Yithla@rictiatwhidlor ad o;smmm maarafga:mg;enmﬁthwhahe chapRISRETI540.

In this manner, the gate term nals of the PMOSFETs 536 and 540 are coupl ed

t oget her, W&We gate 20 termnal of the PMOSFET 540 is coupled to its

drain term nal Wtﬁeﬁﬁ%ﬁh%nﬁé%cdn%ﬁwvﬁdxrbqiemellmheddmbﬂot‘enmrhatnfand

ground. The source-drain path of a Pl\/gdf 538 C%FQJ ed =l yeen t he VOO

suppl y volthagekiliddn theertehpymgdhe Repet REHusSHS 'F’Kiﬁg %Edi‘m"fﬁe gat e

term nal Sn@&éc%nﬁmaﬁlémé%@% 588 uﬁéxﬂe@muahedpﬁeﬁtmtcﬂmm cobeudl} sudhie t hi s
res

ar r angenen onse to the S H G# sL beln asserted the IT
currdant | sodificatisas ansl varations ge fall gdthinfhe F‘I‘Fesl’ é"ﬂ’%f’ EEVEIPhe resistor
542. Referring back. to Fig. 4, anong the other features of the menory
devi ce 33, the nenory device‘33 may i nclude the control circuit 400 to
generate signhals to control such cycles in the nenory device 33 as the
read cycles, wite preset cycles and wite reset cycles. The control
circuit 400 also initiates the read operation 108 conpares (di anond 102)
the bits during a margin 30 check and controls the threshold current source
to select the resistance threshold used during a particul ar read
operation- The control circuit 400 receives signals (via input |lines 401)
fromthe 20 30 May 2005 nenory bus 36 indicative of potentlal addr esses
and commands that involve the menory device
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33. In this manner, the control circuit 300 may decode a burst wite
operation and generate the appropriate signals to control the st3Palytayf2005
data associated with the burst wite operation in targeted nenory cells
140 of the nenory device 33. The nenory device 33 nmay al so include 5
additional circuitry, such as, for exanple, a data buffer 402 to
tenporarily store the data flowwng into and out of the nenory device 33
and comruni cates data to the nmenory bus 36 via data communication |ines
405. The nenory device 33 may al so include an address buffer 408 that
comuni cates with the nmenory bus via comrunication |ines 407. The address
buffer 408 shares 1 the addresses associated with nenory operations as well
as decodes the addresses and to sone 10 extent may generate the address
signal s (on th&iiHmAmmedtsi on |ines 410) that are provided to the row 124
and coj um 122 decodghsnodtompatifgl above, the control circuit 400 al so

increnents the counters 409 -as appropriate and stores mni SElsyeep
fall t3mes anddetemwning whedega ferags levef of 2 ﬁ%ﬁ%ﬁ‘}ﬁ?f‘iﬁ?"é’f‘“‘?‘?ﬁ"e‘%e@}%e 33.

Ref errj ng L] leisafidtnedibRdévieahd of the invention, the
corrput.:’ler spg%t%énn%d%gg%goﬁlaﬁlhﬁncj ude ot herméo onent s }han t he nenory

contral | er hubiG4spanss to thes detepingtioppseleciively,up %ﬂﬁ{ﬁéerc,e L'n some enbodi ments of
the invention, the conputer system 30 may include a processor 42 (one or
nmore mcroprocessors or controllers, as exanples) that is coupled to a -
syst em bus 40. 2The Bygoeshednfsiap |, upher GPRPREL oupl ed to the nenory

contrql l er hub M. h an Accelerated G aphics Port (AGP) bus 44.
ThebA is des?%‘lﬁgggjgir&g"’gﬁe-‘?ail in the Accel erated 20 G aphics Port

| nt er Bace Specpdrioratoigsi; deRamingtiosin Tesponspiaihe EAHEon July 31, 1996, by Intel"
Corporation of Santa Clara, California. The conmputer system 30.may al so

include a display controller 46 that is coupled to the AGP hu 44}6 and
generates signal s tThedngtivet of cliin By velipreamsthe PrrECTHERRACETE BHETROPTLP E’ﬁ’ﬁﬁ) 845 s
al so ,coupl ed. (via & hub it arfiaceomtk bhean i nput/output (I/0 hub 52. The
1/0 héb 5 Wg‘fg%orno?/fi%he&%g&?%t éer?ac%s to, for exanple a Peripheral Conponent
I nterconnect (PCl) bus 54 and an expansion bus 62. The PCl Specification

|s available fyom The [ Hh WS @S HettnBhiR dseand, Oregon 97214.
The P& bus 5 'rrayﬁg’é”%e%ogl%ggﬁﬁh’ teh ct cdil}

to a network interface car I 56 d the
1/ 0 cant r ol | ercobuparivgya resisenasexhihid byftheseldo ﬁﬁﬁé@ﬁ@cﬂﬁﬁgl#‘gm%ﬁuc%%’t%?ol | er
64 ma¥ regﬁi ]\J/g input froma nouse 66 and a keyboard 68, as well as control
oper ati on 3 o fl oppy disk drive 70. The 30 1/0 hub 52 nagl?@lrd(s?%bcgntc[ol
oper agi on of aofipaRg\hdrdsisangdo ageroebiffewnt Bysehold fogistepts ¢ & 88 dri ve

60. 5 comparing the fixst and second bits to determine whether the storage level is within the

6 predefined margin.

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

thobs W N e

the first resistance threshold.

1 6. The method of claim 5, wherein the second resistance tln'egho]d is approximately

)

twenty percent less than the first resistance threshold.
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21 30 May 2005 In sone enbodi nents of the invention, the rrermryné ntroller
hub 34 may include a nenory controller 35. In. this manner, the &May 2005
controller 35 serves as an interface between the nmenory bus 36 and the PCl
54, system 40 and AGP 44 buses. The nenory controller 35 generates signals
to indicate the control signals, address signals and data signals that are
5 associated with a particular wite or read operat.ion that targets cells
of the phase change material nmenory 32. Wile the invention has been

di sclosed with respect toa limted nunber of enbodinents, those skilled
in the art, having the benefit of this disclosure, will appreciate nunerous
modi fj cations Aand ThA¢ methbdoscliimel, oheem |t is intended that the appended
clains cover all such é? nmodi fi@gtigq@_ and variations as fall within the
true 3pirit arfte BEBYE O SThRCPHTARTTOR. 22 30 May 2005 What is cl ai nmed
is: 131, A nethoseaifai thé fgreedf dafranibmiongrivdeonpuing ageostanss exlEbind Byt o
phase change nmaterial, neno cell is withina..3 i . in froma

r esi st anc@e eqiltasfey FFsIsEpeq *,L}:’éﬁ?g‘; apd cﬂmpggﬁotgnesrgs 15{%“'[@ Efgg %%%?%151%(?0 n,

sel ecs i Velyesiiid febdifhnttRe HREreSiGbhce thrdshdld. The met hod of claim 1, further
conprising: 2 reading the cell; and 3 performng the determ nation in _
response to the reading. 1 3. The nethod of claim2, wherein the performng
OCCUrs i N resRoNSseridndthed ¥ ciith (7§herdin @it skdvili eaisiancs thfeshidié ismpporimatdlat e to
an output buffer. 1 4. The nethod of chai "ldl wherein the determ ning
conprd seswenty paphercier thar e st R EPl%d by the cell to a first
resistance threshold to detect a first 3 data bit; 4 conparing the
resiJstance to a second different threshold.to detect a second data bit; and

5 corparing tAe fiTsimehrd of slR 4, BB SPPPYFRB, i ne whet her the storage
! evelz is wit hlwﬁtiﬁi‘l% thebeellif H8HdnseM thPdefirination 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 2 memory state of the cell.
1 : 11. A method comprising:

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

b2

selectively refreshing the memory cell in response to the detection that a storage level of

the memory cell is within a predetermined margin from a resistance threshold level.

AW

12.  The method of claim 11, wherein the programming comprises placing the memory

(%%

‘2 cell in one of an amorphous state and a crystalline state.

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

2 performing the detection in response to a read from the memory cell.
7. i | , 14.  The method of claim 11, wherein the refreshing comprises:
2 reprogramming the memory cell.
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1 5. The nethod of claim1, wherein 2 the nenory cell is in an a phous
state; and 3 the determ ning conprises conparing a resistance exﬂgbiﬁ@ﬂyéyoos
the cell to a first 4 resistance threshold and conparing the resistance to

a second resistance threshold greater than 5 the first resistance

threshold. 1 6. The nethod of claim5, wherein the second resistance
threshold is approxinmately 2 twenty percent |less than the first resistance
threshold. 23 30 May 2005 1 7. The nethod of claim1l1l, wherein 2 the nenory .
cell isin a crystalline state; 3 the determ ning the degree of degradation
conpri ses conpasing, a resistance exhibited by 4 the cell to a first

resi sfance thrgéhoﬂﬁmg%ﬁfggﬁﬁgﬁghg the resistance to a secoqﬂ%nﬁﬁistance 5
threshol d | essintrhponst e deid steration ifomermiese dhangs st giah oo, S HBTNIR of claim
7, wherein the second resistance. t b OmbeSrif RREQN 8Rli8Withind prodefited

per ceft gfelgrine VR ¢ et teg‘%}o?%g?%?gﬁr@é% t?‘%aghol d."1 9. The r?ét hod of -
claimyl, {urdid#bmaoRRtasd Mgshadimvelting to the cel'l in response to the

determ nation that the storage level is within the 3 margin. 1 10. The

met hod of claim 1, wherein the determ ning conprises: 2 flowng a qﬂkrent
through the mery 166kkihbe of Gfich E5, Whereinghetarngs level indicalsen Memol sPye Abfet hod
conprising: 2 progranm ng a phase change material nenory cell to indicate a
menory steglle; and 3 selectively refreshing the nenory cell in.response to
the detection that a storage level of 4 the nenory cell is within a

predeterm ned margin froma_resistapce threshol . oy A2isaddee met hod of
cl aiymt 11, wherldin ﬂh@mﬁﬁhﬁ‘éﬁ%ﬂ?ﬁ’h‘;{ ggﬁf)’ W S 16hel E¥rise $

PirEes acing the nmenory 2 cell in
one sof an ?ﬁﬂﬁ Hecglate and a crystalline state. 1 13. The net hod of
11, turt QP 6

cl ai er conprising: .2 performing the detection in response to a
read fromthe nemory cell- 1 14. The method of claim 11, wherein the
ref reIShl Ng CONRr! S@Smemory device comprising:
2 a phase change material memory cetl; and
3 a circuit to: '
4 determine whether a storage level of a phase change memory cell is within a
5 predefined margin from a resistance threshold level; and
.6 | in response to the determination, selectively write to the cell.

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, forther comprising:
2 an output buffer to receivean indication of the memory state in response to the reading of
'3 thecell, o
4 wherein the circuit determines the margin in response to the'transfer pf the indication to
5. the output buffer.
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2 reprogrammng the nmenory cell. 24 30 May 2005 15. A method conprising: 2
in response to a read operation froma phase change material cel |30t May 2005
the cell to a 3 determ ne whether a storage |evel of a phase change

material nenory cell is within a predefined 4 margin froma resistance
threshold level 1 16. The nethod of claim15, wherein the storage |evel
I ndi cates a nenory state of the 2 cell. 1 17. The nethod of claim 15,

wherein the storage | evel conprises a resistance 2 exhibited by the cell.
1 18. A nenory device conprising: 2 a phase change material nenory cell;
and 3 a circuit to: 4 determ ne whether a storage |evel of a phase change
lfTEfTDlryl Celj' IS ot hyg zﬁemo‘}yﬂé\ﬁdﬁfjﬂclh&ﬂ 18Htghon cdmpTing: r esi st ance t hreshol d
evel; and 6 in response to the determ natio sel ect | | to the
cel | T 19. The aenpArgiorde GoERars i ONRIARA 3 TR ‘é"ieﬁ(h{%&é&téﬂhéﬁ?ﬁiﬁgﬁ ects a
Teor Yy St Ak floe [#Bhoif 14 ra@AGRIIERITR of Seelof the exlirmalivonrim thegespdafse t o
the reading of the cell.”1 20. The mem)% ev ﬁg of grla%'an%eésgﬁiﬁﬂéartﬂaf%f
conpr i4si ngxhiitedbyche gsilto paifernt fesopdeRTRre Hrespal TSI o e nenory state-
i n responsg. 19, thes LGRS LREndhdicaiddd Sdicality wikthih tie @ioragt ieveLisvaint thelet er ni nes
t he rginin response to the transfer of the indication to 5 the output
buf f es. 25n8ginMay 2005 1 21. The nenory device of claim 18, further
conprising: 2 a conparator to conpare an indication of a resistance

exhibited by the cell to the 3 resjstance threshold to generat fJrst
i ndi cation of az.sta:ﬂemmmevmqfclaml%éwﬁ%fﬂéh?ﬂ&’"?‘éfé’r‘:‘é%a‘ﬁgﬁe”ﬁ“ﬁ‘x i bi t ed

by thgtCéll %&egneg{ogﬁgﬁgm%mﬁg stance threshold to generate a second
3

i ndi)cat i on™8 v
a comparator to compare an indication of a resistance exhibited by the cell to the

resistance threshold to generate a first indication of a state of the cell and compare the resistance

_ to a second different resistance threshold Iess than the first resistance threshold to generate a

second indication of the state of the cell.

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

state, the memory device further comprising:
a comparator to compare an indication of 2 resistance exhibited by the cell to the

resistance threshold to generate a first indication of a state of the cell and compare an indication

of the resistance to a second resistance threshold greater than the first resistance threshold to

generate an indication of the state of the cell.

24. A memory device comprising:
a phase change memory cell; and

a circuit to program the memory cell to exhibit a resistance t
in response to determination of whether a storage level of 2

o indicate a memory state and

selectively refresh the memory cel
fined margin from a resistance threshold

N T

phase change memory cell is within a prede

25 The memory device of claim 24, wherein the circuit generates a current te place

L )

K 2 the memoty cell in one of an amorphous state and a crystalline state.
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5 the state, the first and second indications indicating whether €
storage level is within the 6 margin. 1 22. The nenory devi ce of \%baMﬁ}ia‘z,oos
wherein the nmenory cell is in the crystalline 2 state, the nmenory device
further conprising: 3 a conparator to conpare an indication of a resistance
exhibited by the cell to the 4 resistance threshold to generate a first

i ndication of a state of the cell and conpare 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 nenory-
device of claim 18, wherein the nmenory cell is in an anorphous 2 state,

the ngnory devipge f1hetdeionedavineiof ciagn 24 wheriprtipasizent detesniB e B aPE "

i ndi cation of a resistance exhibiH d by the cell to the 4 resistance

t hr esRol d reseonse ey 5adrop § erf%‘-?mi‘}ﬁa‘?‘gati on of a state of the cell and conpare
an indication 5 of the resistance to a second resistance threshold greater

than the first resistance threshald to 6 generate .ﬁgé}ﬁ@&ie%nﬁ defve
statelof the c&|. Thymemorydeness 9‘%&3’8 %l(r%rhper?rscluﬁge:pk a phase I(r:yhange

rrermr%i celd refrBGhedmerforfbdicUi t to program the nenory cell to exhibit a
resistance to indicate a nenory state and 4 selectively refresh the nenory
cell in response to determ nation of whether a storage |evel of a 5 phase
changE nermryS;&@I | A SettbdyReRcdcdimBREl ned margin froma resistance
threshold 1 25. The nenory device of claim 24, wherein the circuit
generates a cmm@mch%ﬂme&@@'c@;% menory cell in one of an anorphous
state,and a crystatloiRGesseRt & a Rid GRrBY F3@AFPhask cAfinge Timteriabemdl tesidbefade of
clai)r’r?24, wherein the circuit determnes the mar i[ﬁ.in. . espopsey to a read
fromahe twaletsmying whethern spoyagetens! plARNESF © %Rﬁe(‘f?“’(?f’g‘?ﬁ i 22, pvﬁ%r ern the

ci rcuét re B dhhenimpRinoigel | 2 to refresh the memory cell. 1 28. A

menory deviCe conprising: 2 a phase change nenory cell; and 3 a circuit to
in response to a read operation froma phase change material cell, test the
cell 1 29.  The memory device of claim 28, wherein the storage level indjcates a memory

2 state of the cell.

1 30. The memory device of claim 28, wherein the siorage 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

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

Nt B W N e

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

ot

2 the cell and performs the determination in response to the reading of the cell.
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4 to determ ne whether a storage |evel of a phase change nenory cgbl

within a predefined 5 margin froma resistance threshold. 1 29. é9305
device of claim 28, wherein the storage level indicates a nenory 2 state
of the, cell. 1 30. The nenory device of claim28, wherein the storage

| evel conprises a resistance 2 exhibited by the nenory cell 1 31. A
conputer systemconprising: 2 a processor, 3 a phase change nateri al
menory cell; and 4 a circuit to: 5 determ ne whether-a storage |evel of a
phase change nenory cell is within a 6 predefined margin froma resistance
threshold, and 7 in response to the determ nation, selectively wite to the
cell. {1 32. Th@BConng&m1ﬁMﬁg@ﬁmaﬁchhmBnﬁ&ﬂmrmmaneuﬁ the circuit detects a

rrem)ry state of 2 the ceII and perforns he det e d10 He§ §cto
t he re”adl ng of a'm‘éplééllffe”?‘?ecgﬁeﬂgﬁ?d%ﬁgof c??.m(’?ﬁgetg%orrpht {e]? ‘System o% claim
31, furthef, canprising: 2 . an output buffer to receive an indication of

the nénory state in response tgo the readin ; afRip the
ci rcuidt det er nivhesinthreinguit §eterrines EdpEHE S 8’°f1f1€t°tﬂ%e}r'13§$§ll$ﬂ?e]n e |{ndt| cation

to 5 the u(él toidpkfer. 1 34. The conputer systemof claim 31, further
conpri SI ng: a conparator to conpare an indication of a resistance
exhibited by the cell to a first 3 resistance threshold to generate a first

i ndi cation of staithgc% gg@,hbfaﬁg,gome@ompﬁsihgsi stance 4 to a
di fferent second resi sta hreshold to generate g %[eqco dcilﬂg (ﬁ%}tl on of
the sgate, thea ¢qnqstaltnr#d001@3§€e?é’d%°§“ﬁﬂ%%ﬁ°?‘6‘ﬁ%“ iexePY Y&S Aer t he
storage 'e"eslancesth)%htoﬂi ¢ té@mk ﬂxmcﬁno%%fame oF Vel @nd &miamh@fesﬂaawn 31,
vvher)enZ(iS‘ne menory Is in the crystalline state, Bb MLy, e|ce
further cmmdnifermtgccosdm@@nfﬁéh@ﬁhﬂm‘P@“’%%F‘@"%ﬁf"fiﬁi’ﬁ qnafithe, ngff’ resi stance

exhi bl t (:"dsett):gndt m&c:ﬁ:%ll; mh%atﬁlg 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 2 resistance exhibited by the cell to 2
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

h o B W N e

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 celito 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

(= NV R U FUR N e

indication of the state of the cell,
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4 first resistance threshold to generate a first indication of a 3baM of,
the cell and conpare the 5 resistance to a second threshold |ess a QYK.2005
first resistance threshold to generate a second 6 indication of the state

of the cell 1 36. The conputer systemof claim31, wherein 2 the nenory

cell is in an anorphous state, the nenory device further conprising: 3 a
conparator to conpare an indication of a resistance exhibited by the cell
toa 4 first resistance threshold to generate a first indication of a

state of the cell and conpare an 5 indication of the resistance to a second
threshold greater than the first threshold to generate an 6 indication of
the stlate of tHhE cehpompHersyiqREOBIIHIES 1 37. A conputer system conpri sing:

2 a processor;agmgespé}ase change nmenory cell; and 4 a circuit to programthe
menory cell to eéxhibit a resistance to indicate a menory state and 5

sel ecBi vel y re# phastichahge merey 6clkaPd i n response to whether a storage | evel

of a phase c haQQfﬁcuﬁ émarg.% fEhkmbng c¥ foltixRibit Apesieli atdioas ginembryomtaand
sno

resi stance thre . 1738. The conputer system of claim 37 rein the

circut gesletintlysefmsicie mntomfﬁllmmﬂsezmt“ﬁ’éa‘ﬁ%ﬁ?rﬁgcc‘ml' gf%"%‘ﬁ"‘egs?o ggan

armraﬁous SlaLe ﬂri‘sdm%iﬁ%&ﬁ?ﬂdehHﬁrg%ﬁ&xﬁ-arésiéﬁz&ceiBMh&lﬂ;.rrput er systemof claim
] :

37, er e PRESCIY Cul etermnes the margin in 2 response to a read from
the nmenory cell 1 40. The conputer systemof claim 37, wherein the circuit

repr og]r anms 1 h;ggg rr%g c%gé)llm sgst&gof&%eﬁybwh&einmcuﬁ gétletatel adiurenh t€ plapeit er

system conpri rocessor; 3 a phase chagge menory cell; and 4 a
ci rr)u'zt tmehEmOegsmmnendafaaame@hO@ﬁ@FeaﬂdWSPBW ahase change materi al
cells test the cell 5 to determ ne whether a storage |evel of a phase
change nmenory cell is within a predefined ,6 margin from.a resistance

threshol d. 1 4®. Thbe conpudraystanyefciaimdy, whapimtherircyh doteminss e BFgPAle | evel

' ndi Czat esres?'ponnsequ ""¥ead 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.

41. A computer system comprising:
2 processor;

a phase change memory cell; and
a circuit to in response to a read operation from a phase change material cell, test the cell

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

NV b W N e

margin from a resistance threshold.

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

_- 2 state of the cell.

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

y resistance.
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2 state of the cell 1 43. The conputer system of claim4l, whereigat
storage |l evel conprises a 2 resistance. 29 30 May 2005 1 1 44. 3\@&%@005
conprising: 2 reading all cells of a phase change material nenory devi ce;

and 3 for each read nenory cell, determi ning whether a storage |evel of the
cell is within a 4 predefined margin froma resistance threshold and in
response to the determnation selectively 5 witing to the cell. 1 45. The

nmet hod of claim44, wherein the reading conprises interlacing read 2
operations to read the cells with other operations. 1 46. The method of
claim44, further conprising: 2 performng the act of reading in response
to the expiratdon afmethqorcod@®8R% ned duration of 3 tine. 1 47. A nethod
conprjsing: 2 rging e g&%ﬁ&eﬁm@cﬁmﬁammﬁmm al menory device; 3

for each cell " etermning a reset current. | evel,.that,. ides a
suf figi ent marfgicact ead mdmorheelbéﬁflﬂ!;miaiﬁa“@e@@'tatﬁtﬂﬁgcale"ﬁf ﬁﬁthﬁ(r’ﬁnclg%é!ﬁlt to be

used for the_.resetting base §Aebibhien thelledfmindtion seiectiody of
clairf 47,Pr?‘{?ﬁ?‘ﬁle'fw§]8ﬁ%ﬂasfeglgt?%%ﬂ?rg%ﬁfe&%igﬁg %‘%2 m ni num current based on. a
nunbey ofywhithe 16 @getll.current levels that exceed 3 the mininumcurrent |evel
before the increase 1 49. The nethod of claima47, wherein the cells
conprise cells of a block of the 2 nmenory device. 1 50. The t hod of

clai m 49, wheggin ERohetal &f cbim #hevlipraie theiread B SHRPAEE NKIPEREFRE 2 sane

thr eszh0| dopgrgt?osng rtd regn? th%occl%av\{im%)qgé 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
fime.
1 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 o
5 setting a minimum current to be used for the resetting based on the detgrmmatwn.

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

} 2 increasing the minimum cuzrrent based on.a number of the reset current Jevels that exceed

'3 the minimum current level before the increase.

49, The method of claim 47, wherein the cells comprise cells of 2 block of the

-2 memory device.

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

2 same threshold sensor.
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1 51. A nmethod conprising: 2 setting cells of a phase change natef|
menory device; 3 for each cell, determning a sweep fall tine thébamay 2005
provides a sufficient margin for.the cell; 4 and 5 establishing a m ni num
sweep fall tinme for the cells based on the determnation. 1 52 The nethod

of claim51, wherein the establishing conprises: 2 increasing the.m ninmm
sweep fall tinme over the m ninmum sweep fall tinme before 3 increase in _
response to the nunber of cells using a sweep tine above the m ni mum sweep
fall 4 time. 1 53. The nethod of claimb51, wherein the cells conprise

cells of a block of the 2 menory device. 1 54. The nethod of claim53,

wher eiln the each cePMYOIRBPBIEK is associated with the 2 sane

threshol d. sens@iing cdils HEPHRAChatge miinaDhGo@EuREs; REFRESHI NG MEMORY CELLS

OF A PHASE CHANGE VATERI AL MEMORY CE ﬁ%teCQPiQ#ﬁﬁﬁ&ﬁhﬂﬂgﬁﬁgﬁ&ﬁﬁﬁ'”i”g
whet hér a st or fyeaqheglh| detppmining 59, HGE WAV ¢ 8 'swthina

predefyi ned gargin froma resistance threshol d. In response to the

determ nation, the cell is selectjvely wjtten | ..
5 establishing a minimum sweep tlalY gm% for t}xe ce baseg oxgsﬂxe %etcr:mnanon.
1 52 The method of claim 51, wherein the establishing comprises:
2 increasing the minimum sweep fall time over the minimum sweep falt time before
} 3 increase in response to the number of cells using a sweep time above the minimum sweep fail’
4 time.
53.  The method of claim 51, wherein the cells comprise cells of a block of the
2 memory device. - '

54.  The method of clamm 53, wﬁcrcin the each cell of the block is associated with the

2 same threshold sensor.
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