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A METHOD FOR ESTABLI SHHNG A M NI MUM SWEEP FALL TI ME
FOR-CELLS OF A BLOCK OF A MEMORY DEVI CE BACKGROUND
This invention generally relates to electronic
menories, and nore particularly, the invention rel ates
to refreshing nmenory cells of a phase change nateri al
menory device. A phase change nmaterial nay.be used to
store. the nenory state of a nenory cell of a 5
sem conductor nenory device. In this manner, phase
change materials that are used in phase change
materi al nenory devices nmay exhibit at |east two
different states. The states may be call.ed the
amor phous a@hYETHOPsFOR [ESHABIISHINGS A MININUY (SWERB PALE ween

- these statesTHE FB® ERLaQF 0chhPCK| O @i WEMORY DEYECKt at es
may be di stingui shed because the anorphous state

general ly exhi bits high Cﬁ{%{% vity than the
crystalline state. The g%oq{[) ouS state involves a nore

di $R& e Rshrdcastaly felatésito dlettugmc mGaosadidymenspapisakzdy, the

change material may be util] z?ld to exhibit.these § e
investicatrelstes toHeReshEng mﬁ§°ﬁﬁe@%&f]ﬁd’l &5e ORI memory device.

chal ggﬁ%g%%?‘ Y A9 e hicdltS stiRUhdReRf steibPd ngmory cell of 2

sul he phase’ change may be induced reversib Yoh
semidbreinebomemotyievishabethiseasger. pheserhange mayrieh g &erPahin prase
chan%fgﬁ-xﬁf%fxnglr %gé’lrgl d%\%c%qﬁagpé’%ﬁtaalt b1 @ws HidfefenfttkeSTBYhd 83164 fnay be

norphous state thereafter, or vice

called @ieS@norphout espapsalitostitenpEresitions betiasrjdisse staiesopelg selectively

. ..When_the phase change .15 I ' ' kKt hi
initizted. |'1:hetsﬁgs %@Fﬁlsggglfishﬁgyg%g?etlk%h:ahx?h%%%gaéé _gen%ram? its . gher
resisEiBOthATNE BheraliRE ste0 The atbiphhus Rateingblyksy/a gherdjewdered atomic
bet'ween- hi gher and | ower r.egi st an\c;lzizs Atesa.. ge&b@&gﬁs
strucge nigencrlly 3B Phash gRAnee M3FrA RS SR SRS AL e

HowEaSRdy @Xacng)lg Ukih&ilin dharbgenideutioy hbwtgh ntzlh de pattienkd) suitable.
BRI 'EF DESCR

PTION OF THE DRAW NG.Fi g. | depi ct .
b CTiehatohen SRyt b uoPRVEBDE. rpeistire, B EHSF Fipnge material may
chan ﬁ[grll’l)fhf:c@drpﬂizus o MEABBtallAE saftand ehayRdveftibatk MAh® ylorphous state
1 0.

evi ce. is a schematic diagram of a conput er _
theres &t @micocmadinmesppnsep RS HEIFERNEST 17 FFtéfe':t’i "ﬁ'?Fé‘r?F‘? @Wc change
Figs. 3.and f | RO EAMRaFiRRh&lchDEr s@GHhBErtaRble resistor,
matef’ﬁqug?e é%ﬁmaegjﬁ a‘geél’cg\g‘rl]égde&gnenor? cel Igl’_h.accor ing to ‘
which Fbe ki aiaagefbetwrenihisheranidderver 26sigrnge states.s Thgphase change may be
.. illustration of a resi LR RS Sterial.
indusei g ROy St RS B RuFERRLAGE: Mon MRl
a technique to read a bit of data froma phase change
nmenory cel | aﬁbﬁi&@@@iiﬂ@%ﬁﬁr@ﬁ?\%ﬂs@he

Nt on. L 08 e §afoR B bk i ALAGHATRCHRRY e o7 phase
t eiBnt dfpets FB“’W%W%W?%?I{“%J@I sg atd to a phase by
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 a resistance exhibited by a phase change memory cell.

Fig. 6 is a flow diagram depicting 2 technique to read a bit of data from a phase change

memory cell according to an embodiment of the invention.
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change nmenory cell according to enbodi nents of the
invention. Fig. 9 is a schematic diagram of a phase
change nmaterial nenory device according to an

enbodi nent of the invention. 5 Fig. 10 is a truth
tabl e associated with a row decoder of the phase
change material nenory device of Fig. 9 according to
an enmbodi nent of the invention. Fig. 11 is a schenmatic

di agram of a col um decoder of the 1g‘hase Cc a}Pg% t0 a ohase
meEigs. i7aind Bemofiyw ddermsaepieting gehneiugt oY RiE A ) %417 1© 2P
enbodi ment, of t.he in ' i DinvehdiohS @ schematic
changg 'é‘ﬁ?‘ﬁ’fﬁcﬁh LI Kt bgza%]lcl:éjl:ﬂstc}y for ac_)parti cul ar col unn
| i ;g 9 iQ sakemtididRgranpofplashdungrenatetil memory ARHFRACEHINE to 20
Fig. 13 is a schematic diagramof a threshold current
embalimenof §fc WYBURHrcuitry of Fig. 12_ Fig. 14 is a flow
i 40" Ak SAEGHI2GsBcih @8 Wb Owldaccder 6 i pesacicage aweria
to Be used Tor wite reset _opera}_tl ons according to an
mem@RieiceefiFigoy atchmiingtpanempdimenlpt thesmyentign | o\ dj agr am
depi ct.i.n teeh jg}éﬁ] dehel fchRr 8f GeBREEe kRdrge inatéial memory
t ‘Ee“l}é‘,gaa’g ﬁ?glra vvrltifgmset operatri ongﬁaccordi ng to -
devic@df BN 9 didtRdihg af antdnebodimesnof e IMVBRIPAL LED DESCRI PTI ON

Referring to Fi.g.. 2, an e i b8y line
syigelh iF A seieay gg‘ﬁ?’@n\/ﬁr}trﬁa%%gl Jﬁﬁ%ﬁ% 0 ar?cr?g%%es a

accoﬁﬂ@@aﬁ%ﬁ&ﬁnﬂcﬂﬁﬁeﬁihﬂiﬁmry 32 that communi cates with

~a menory control]er hl.%b 4 v:hg a menor o?H%cﬁ@' TheFie. 12

neffipr i3 iba scigmalinfRgREol3d M TR PR QS T S B 8
C ORI ;6 2loRGi SRR dbfciiat Eaaitut kedoramine/a S@reastows|ubed for write
as _%’ont Fol Jand addr ess lines for controlling the.

reset Shantgs agevading to dnespatiodigpengi gt Be {WEROR- f r om t he nenory

32, arti cul. ar}ﬂj‘. Qi a tedtRRfte @P@R @ik SWRYp fIVithe @ be used
c?ﬂ&%@ﬁﬁoyﬂv‘\%tl nlé';rgldiart%airI ?.o or readi ng data from

for weiRYEX aperstivns eawrdifg torppembpdigent gidhepverliohy| e in sonme
enbodi nents of the invention, the phase change

material 25 menory BgrRRYED DESTREPMON OUS nmenory
devi ces (sem conductor nenory chips, or o,ackagg%cekgt{lme

eXétpirey, to Biach aofemhhfioimi HeefademPRita S8 ChRiGe
inverﬁnig%glirm;}t? s é?%ﬁ%‘% cg&%g H’a}e%% InSmoly$2ahat e¥AfRhRates ®RE R memory

Icul ar ménory device may includg
contBlENASS 4GRAnGemtBttas 36) Theanankiry bug 36 inrlefer copgBRicglon lines for

all oy mterial,_for, exa 2Exh B LS Sd Brlek ifdte

comrg C%Wél“ﬁﬁdﬁ%“‘bﬁ%@é@.ma%%gg a‘é?’g?g% i nl%rﬁra%, are used

contdoBink Ml §Gthge ifaGetievmioydas ot fioh the awenor32. s aeisular whte or
e

xafmple) o f 30 the nenory cell,. T )
o onimonei s v ST s g TSR BB i o

membiyPsATENOrY

As an example, in some embodiments of the invention, the phase change material

i i i i chips, or packages, for
memory 32 may include vanous memory devices (semiconductor memory chips, or packages,

example), each of which inctudes phase change material-based memory cells. As an example,
each memory cell of a particular memory device may include a phase change material (a thin-
film chalcogenide alloy material, for example) that exhibits crystalline and amorphous phases.

These states, in turn, are used to indicate the memory states (“1”" and “0” states, for example) of

the memory cell.

o
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states (i.e., a "I" state and a "0" state), but

instead the nenory cell nmay have a | arge nunber of

states. That is, because each state nay be

di stinguished by its resistance, a nunber of

resi stance determ ned states may be possi bl e,

allowing the storage of nultiple bits of data in a

single 5 menory cell A variety of phase change all oys

are known. Generally, chal cogenide allqQys contain one

OThERfefof)} @liRfaphiseahm@onampry/icse it ARt FErddai et PapPemery

One particul arly.sujtable |a%e & Mge number of
ates GooEAPa RS Borisuio Gt e o ccifeytisve b Mg
satesh I {LBESRsChRASRTRanshialog s blscamay MpMTOET P Snce

10 set (to store a "1" bit of da%? ho §£§Hﬁ5§k YiRoR
deterrnined gntes may bepesaiblepalloying thesiraes of TRHIPLLYIE " Fadel * SVES

a cyrrent pulse (to store a "0" bit of data, for
memQIy §fpl e) called a reset pul se. As an exanpl e, FHE' | .

d@pi&icsy of phisy shage aioysgreiowpyGsaerplly, chalfosgrige pdgyp ontain one

extends from about t ] . ' OularP) @@bik fall
o o B ARRA Y b HEplSe s Topd ) AR upof e
is the Hetgtaklildyge state. As shown, the set pulse 20

represeng

s a nmonentary rise in the tenper ith
o RN P 691 SO R DI LB C5 ot el be cither
cont r ast 85 6le) Pidlatlrrdfl pulse pilled e stthvatrentpulse ppreset
set (toaé%%rgéi Ztg‘(g‘“g%i%;ﬁ‘g’hb_aﬁ&éhgf egxg];lrgéf %s]g&d%m%% . pt % 358 ample
ia a elimngmisedtestorala “guibit haUF &M i rter ’
Vl.aﬂ duration, tﬁﬁﬁ}é‘% Eﬁ&ﬁﬁ 29 SBerdly £14rAB @8rmf aboun 1akoT] to time T2 to
Fig. Liqepigts ps ¥ HERe S S the reset pulse 10 ma

be . use
place tife. phbfeashadgermateriadbbis paritrdargell imthe quatp.l_hsggt@é. ,ﬁgﬁﬁ?‘(jﬂﬂhe set

cell fromthe crystal.li UNRE 6eial.
pulse 3 ety 2l P (R b Epiel icthasch R o

. to "0."
| rhe SetphRE O istth be sertraptall sethg Eeserepplse e, thay isalso gspoeiated
__state of the ory cell to 1.3, Pr ablivnifthay S8
with ﬁ‘@ﬂhqfhﬁnﬁe?‘g"mg}r@ p%é‘"ﬁocb‘éndge aé%gjglg t %?‘é t el%ﬂés to | eaye
dumtiBP Cus U] reselt Pl Oplérds Toar ettt Teid T efhes, Hieaesghpplse 10 may be
a

Tows use of the sane, peak heatin feto th
used oranaloge . P HEHE PR LG DSOS T e gy e e

amor[;z}l\c/)%g Qate Coodsarh kieZpltd Ofthe Dlemofy dell@o Heali aytms, tHo pes pilse RO may
urr

- ent, preferably the reset_curcent is.1.5 tj _ 4
be usédte sat the stetnof ﬁ’&@ﬁlw el ﬁoeéetPrﬁgfﬁ%& {Xzets%t hétatvlﬁ % @g‘#” remove

about, o0 .0 o dedipkibddeh @gkeflivaderstdOa@aliossese of the
bcca“‘?ﬁgnsstg?(%éﬁ?c?ig%?lggeelgk and widthis labg’{ét th ‘ﬁg‘nﬁ} as, . void
same peactieatifgrised hithtresat. | For gesedf e heaing Pufter SHFRFICHITRINYY |
sl.ower and on.the A LtChORAS feBdtlcutréntas 1.5 times
crystaphizalign. PYFH §h?aaﬁlé’g?{1&ej°%ﬁa“g{nhlct%ﬁéﬁé%f_ tﬁ’gﬁ? eset current .o
the mMilrhim@§Mireditd Feséthebiphisls @ witth nfpbonetlarsraindsdralinggyise under
and-size and vy of. el ectrod tga%,%f dbb & preferabl
nsec. rBhecset grrentpeak éﬁ‘gﬁf‘{}'} 15 g?‘ht ﬂge Sg%ﬁtaé)\%ts ai’j@sig%f han 0. %SULPIC Ty
et 64,08 85 trforddr O Nmi@betcors ikt tispaThess tigfingsiand heanagnpade of

reset current may be |less than 4 30_For. lectrod
the resét querenti wil} veryewih the ghasg shapsg Hlé‘fe“f'gsﬁé?f tgg?enég ?lﬁeoétj{qes [pﬁase g oo

: Gf e TRken Bly, Githa@BhtatSest Gah @5t miaughestdfdiAIN, and
oneﬁﬁggﬁgﬁ}f@gm&%ﬁgﬁgjﬁ%@ ay vol tage to devel op across the

side §pRtdrs offfiirile, 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, 2

. This
current is routed through the memory cell to cause a voltage to develop across the cell Thi
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3 voltage, in turn, is proportional to the resistance
exhibited by the cell. Thus, a higher voltage
indicates that the cell is in the anorphous state, the
hi gher resistance state; and a | ower voltage

indicates that the cell is in the crystalline state,
the |l ower resistance state. It is assunmed herein that
the nenory cell is deened to indicate a "1" bit of
data when its 5 phase change material is in the

volta%E Xﬁ ik P@pstigha? taihe résieline@bshilited BY tHaicell Oﬁhuhatlalghhemltagc
ase change material is in the_ anor

hous
indicklomeabins oélt i thaGmeThouhaitiei e BENE - BOHNAENES TP VEhEoltase
v t hi nvanti be reversage i . €., the

md:':ﬁtgﬁgn‘ag,hug &flf s "ht%te hg'gtgﬁg'tﬁﬁ%ga %ﬁ? s deered 1o i ndicat e

a [t §'asfirted@kredtathar mhmammscepha@smcﬁ mnigdicataedi | Bit of data when its

the crystalline phas at e an.
phasqhengs Patepldse %%fﬁijg‘“ﬂfaf‘%‘F |a’é\‘? mfigars a Phé“ 8&%‘?‘3 ‘f?’oﬁ’ic,jﬁ‘g Bhase
chan%éﬁ%nal*@mw arRoth RAS @fated THSRIve t“lﬁn@tém ehatri mh‘?f egtbatienents of the

a particular cell, the non-inverti

inverttion; thisabn whtien BaNpEIeAEEd: hyh 5@1*38'8%?‘333 f‘l‘?g"t frabodupents i
deeang?oefn\cﬁ%atgg“bngi't § zft;P\Qh :tstﬂiﬁs&ﬁkﬁ e\VRtérRY S in «ﬁ?ﬁliﬂﬂmbphase and

a curren such as 10 pa throu h the
indic@d a&x'abip bdatd ‘akseni rtw;xélmq qhgngerpaierial isdn me@morghoug Rhas

R e S %«“ﬁ?’%&‘%ﬁ?@*ﬁﬁ‘gﬁ put

tenmﬁal "of a cBinparhtoPila@be Ebupb:ldtto thEflveld to rtemvmnprapato@rof the cell voltage

ares the cell Itaetothl l;
produced B FEFIAE BT UG ‘ﬁ‘t‘fe’dﬁ uethilt e ’%ﬂ n%’%y“‘%‘{‘igg fing input
termlﬁél%ff&% cBmpBratol mah bk cofpidtaba tlﬁ’ésh‘étdoméisgeahﬂﬂér\bs as feference for
ta. Thi's conparison pr oguces an g si gnal ares the cell
pmpc(spmfdesamgwemngﬁ ‘THat frea g B EPof e

volta#eatgms %«Fsﬁ'n“d‘%ftli o og_rtb@até by ﬁx&i&&ﬁcﬁh af @}}kﬁ@ﬁﬂmnhﬂy ccl] stores a

or exa e, by the product of a threshold 1 Gindicats
“1” bite$ dath anﬂerf:Q af O’Hﬁlt #r@?hén‘éf GOEPRITOH PT' odyres 4R QUERYE Sgp2 (indicative

u ¥iep(for exanple) the

Oﬁherﬁéhﬁa g?&& ng%ﬁﬁgl%ﬂﬁ¥gﬁﬁ- hat f1ows through the

warmwemld voltagd may bm@mnehcﬂfprwgar@wlcﬂ bydhe progpd @1 p ireshpid

t he, thr r YuHaVEy Rave (f ]

ms““"?’?ﬁ%‘;‘m‘ﬁ‘f% A FreiRisD; & eggdgtgbregrg n qtﬁﬁ%ménetglﬁ strgncgy of ( e e °)
the sdRRRLAIGES ds thoturint' thit flnvts tm‘ouglalha mEmeTy ¢tedl JUESE élted'ﬁgcgng of its

of. t he. menor eI
store(blla%d@ctps Franpgyethe ggfséxt)ig r{gSést%r m;tl)ﬁ‘tat«% gEeesgs%S]?%so;ﬁg%iﬁr&% 't?i%veen the
resistaitd of IR nSedidrp Bl fobat-1f biowkdatd dad cheghsistivee ol theghahety cell for a=0”

resi stor produces_the thre d v t
bitofiat Ton ipbi: SE RAEHB-oY Dl s g g ghat flows

througlli th%{ M%stgleﬂ)rbdny&gﬂle itredHa Rl RNBE B ObISage itiadt és laculed dveewhere
ageo the nmenory cell when_ in the

betw@llybﬁt mhd yalegsofthememoporedntheniin te prppheys SiF apd thgeagggltage of
t he phase ghan cell is that for a nunber
YRR GRZBHRNIERRLY

of
the mgmogy ¢ef e reasons, the resistance that is
XA phehted difficdliyevithehe uteof thedibesetcdangepeamary g¢lhis thatdersypmber

of dlfzérgrgtﬁ)ﬁgq‘ihlg %g.golle? ﬁg‘% r(?:gl ﬁ?clfcytﬂ{ftltg & b:tcc):d %y R I?@inqwta{éaépamcular
memory state may be unacceptably close to 2 threshold Lhat dlstmgmshes that particular memory
state from another memory state. For example, for a two memory state cell, the cell may have a

resistance that indicates the amorphous state, a memory state that may be associated with the bit
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30 state from another nenory state. For exanple, for a
two nenory state cell, the cell nmay have a resistance
that indicates the anorphous state, a nenory state
that may be associated with the bit 4 "0," for

exanpl e. However, the resistance of the cell may be
close to a threshold resistance that defines the
transition between the anorphous and crystalline
states. Thus, if an inadvertent slight change occurs

“Q, ‘: fﬁldél){%glp&el owevh€ HleStANERe of he celbinky Be ¢les tsha’in—esélol'dalysrstance that

e crystal line state, a_ . state
defissbe iratsdign between He amorphogs andfc(gystaél%gﬁﬂteé: tl'l%H% H%é{ﬁraﬂmt slight

I aly. ShiRl fite i It
SR P13, S gt .

statd t'ﬁﬁt%ﬁi}ﬂde@si&&téﬁﬂ\&ﬂcmeﬁnha‘ﬂ fo,teﬁcmnpis thrcioreaﬁgq; gensrelly desirable to

bet tates of th
havqygqﬂé‘gégq{rgprngé%e%g% Seﬁ'g,slstt%g gtgn 8?“ zlﬁ‘lﬁ (%{lt?ﬁé{ {1(518 P’&%ttance that

dcﬁ%qﬂé){r gﬂb&%@ﬁn}éﬁxo&ﬁﬁew&hwllse and/ or the reset
the insufficient margin he recﬁﬂm1 itudes b
of Amnmwﬂimmmgm apoderrushd e H%en‘ifr"?fv"gé‘ﬁls OpgHync/or magm Y

r3hiRSE
%ﬁg‘-ﬂgﬂ anE/d)r k‘r}g\%&gplﬁ '{ rﬁﬁ(t?%hetrugggﬁg:tﬂtb 1?1?@21][ thh; A atﬁ? :’dgmmﬁ one or more

read€ @bin thesemant deﬂl Fgr chaméﬁe flowingrcasend tHpReS AR BHH asafhange

the e SREG L {YRABE ¥chibited b
e 56 i S TR L TP e S i
the deadisAGnord acrificrexmnbleeif tied themary cqibis in Gl Ia?‘ﬂmh?g% st (fpp example),

t he phase change nate
redingcloth bl oF Y PG T AUP PEREE® bhan PG o e ccl. ety
undég)faﬁﬂ? foweShk theAtsidan@ kit Es exhﬂb&ed it mg eéit. yAsoif reslt thqmwgny of the

tate that i s exhibited

nmyrfjptg fiias g;cpxh@gﬁ@hy the| cgll may i’ﬁ Bchépa'ar@ﬁ?? %g)aeaxal]{ éf s%llrnselghucnt reads

ﬁox&tﬁl@o&?bhh&l%%ﬁ‘g%fm%@ﬁgﬁsﬁmccelI s resistance. Thus

I'S possi that the resjstan t is, exhi
oy T ity coBRBRs AP AR PP AR Ghanes Sggmory cell
” o (Ftthd estaiinesshad |drlttib ﬁm@rme
0 mg}'caiegoll q’?‘f%?)p?éhlga gﬁ%m(frfprﬁoudgﬁét at e ) ?f{ 4 a threshold
amofphbiid snte)’ltbr pxnnttmargm te eXipthetssn thpﬁ:é?ﬂ@;{ gesistapee and a thresho

r esi é@b‘gﬁﬁa d se &oﬁg,gﬁ’l HerwkEhSiARpRous RAd c¥fthilineStates. For

mmsltaﬁ'@e etween the anor phous and
mp%géé%‘f aﬁrﬁﬂglﬁxssﬁaﬁlg]ﬁslzﬁﬁmcyzm apqg)rcbggfg\glﬂmowwnpmt%of the

mar gi n defi ¢i enc in_acco, Sn Fig. 3
inveglion, g SEMKY; fh‘i‘?e "mﬁ%ﬁ%’ %g;&%lg%%\{ehpu@%g% Pre%rr%g%dg E
to refRYh HSRtAHAEH el 108 pmseslos s:depfymgaue follopfing, digrussien, it is

f h t I
assu;iﬁ}g}fq? £ y?@é\?{{ﬂﬁé%ﬁ&%&ﬁf}'ﬁn és E%cﬁ %gte »P%%f grf‘@tggrg%nbo iments of

Epf%'(tld &1 i d¥R BAN haEidbicate ﬂﬁrmmdmwataes However,
the | eﬁﬁmﬁ ' ot her déc?rr‘oodl ments of _the :bnventl on

regarlﬂemoﬁﬂieamnb@mfrr&ﬁr@@'bflsta??&)ﬁ B SRR PEMERLAT 5 Of the memory

Qedhffdésleebe@hertine nunber of
Stat%f% Cgfeg appl @ygleﬁe%’e? i c?lenc " bet vveeern1 any of

t @Ry % F;gBapmsuamy) thetechniqg 16890 fgmrpqsp@of{m ormmg a refresh of
et eSh y eChe{I]loq%%g “?032 g\}u%e te?rg%n@é @hcﬁaq)ﬁr\{rﬁcﬂgartﬂ% rEdiflance level

apagxcu or pur poses of
that W&&‘hﬁm}i BY 1R thé&hsrgehll Bfthl'fm paetdifmed arrgreolis ysisienge thiephold level

matg:g:ézm}dggsﬁgv gpentn%r)é?wgeensth(: grlngr% oujé%a cr%al‘ix stattepﬁ ¢., the two states

of the memory cell). For example, referring to Fig. 4, for exhibiting a resistance above a
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that is exhibited by the menory cell is within a

predefined margin of a resistance threshold |evel 30

that defines the transition point between the

anor phous and crystalline states (i.e., the two states

of the menory cell). For exanple, referring to Fig. 4,

for exhibiting a resistance above a 5 threshold

resi stance | evel 605, a particular cell is deened to

be in the anorphous state and thus, indicate a

par; B%&i&ﬂesxg&ﬁc% 1R 664 a p@r{xcﬁla? cellfi© Heeﬁ?&ﬂﬁ'@b@ﬁl th&@horphous state and thus,
exh In resi stance bel ow the threshold

r esmﬂtzﬂmmﬁmheum daBO8t (at B bit.dbt exampled cFas ¢xpibiting ajrpsigtppce below the

(t:nr %ls%g-l l{* rgselﬁt?}?c%tl?evg?g& tt (iséll 1§ &%Jg%@‘orq)e‘r’}g t%t&s?arlﬁgg stfla b thus, indicate a
eX & dath OFt (28, %ra:-btmﬁpﬁpms trbe sﬁecafei dxainpledelonme desistance 600, the

to be in the anmorphous state, or a resi

60 Zell gsm?erggj 1o hedn theamoppiioys Btéte,l % f?rﬁercix?t?léﬁe gﬁ){z,ﬁﬁ% cell is deemed to be in
HinePsidi€ SEo a6 QR 604, [thecengd in thScrbrﬂthﬂ@state but the resxstance 604

cryst a I'ne state, but the resistance 604 -is

outishad eutside aﬁaramamldb mergip frgmihe ‘lh{f-'ﬁh(tlﬁéestsﬁfl%eslﬁb‘l’léw

resista Sinmiohd E B8 that ik

menory gé@ g)%n% Tés l%fngﬁgﬂﬁﬁ%e 98%@1%5 (fiarohd 105 that the

ex Ekllﬂbit&ld'ciiﬁmcﬁhﬂIﬁﬁde sftbmpsdecfmeéfnatgue tlpﬁnebhamr:med’ device does not

mar gi n, t he t he r e

r ePP‘é%‘H’ eF F]W gtgenwcy \ﬁj :}.gé rﬁx ?ﬁ’eJE(r{gE rcg;\gl%s to rewrite the

dejerRrPécfRAtEHe tordre dita bit tlidnB lndtrmml by thetlemait delltth eefresh the cell’s

current” data bit that is indicated  by.the nemory cell

C e . pagrt et SR 5 TRh 69t st e
anpJ F‘?% i theh meti@bR61 | ik iRBSeAEShbilabe 6feshed. Similarly, if
but s gaggé?oi?t ?e3| st a%l?e 609 of Fig.4, then the :

R giytaBing siat hmaépéaﬁlatl E0% bie} exTals fEn 67 Pt Astfienythe margin 614 1s
Simlarl Lalhi ne state bit |slessthan

6Og'age ua%ragg%%oy?%%%%w in Fig 4, then the margin

is 15 i Imaﬂlsmne‘, arthisprrpatadon dha mem@y Hetice may {*4111% fblock 103) the
RO ok hacdh 10D bit bPGa B Y10 QWi 68 dF¥scribed below, if th
adfﬂgf’ﬁ %ﬁ%a&néﬁg?{gﬂh%g?g% F1ate parearreters Tor a e
W rdfiRsiofs naedeil jusoéfatattat af (dalafhes kash writtas tof the e¢ll ghen parameters of the

descri bed bel ow, |
a BRUresst puésgtr%ayﬂiggé Eoebeena ‘]Ms{e? tt(é %l%‘t:]](‘;: Lﬁ%&g&gﬁﬁutk%te %ﬁatt involved with the
PafeR¥e g;r eatioh etthilishecthe aﬁﬁeﬁnamﬂesamfomb@cﬂlt & obexample, if the cell is

t

adj ust t hy bse t t
o PO R R KRR L€ LN ol ipgrampio b

ap BB E,gﬁ[gtsraesﬁgﬁﬁ}am aﬁcrﬁ'&ﬁstinheﬂﬂﬁ bdpectedithest@rgifehe trfiling edge of the set

the cel | supposed to exhi b|L a |l ow resi st ¢ t hat Fthe cell
scmmtm L ihsen T the FevigE Y YREEER 5 cwﬁ% 2136 fitfptance oithe ce

i naL& ?grgg ﬁ;}rmah? @t}ﬁlcb@m§u¥p£btﬂﬁﬂz&m5§§|h§§lﬂeﬁﬁaﬂd&&ﬁht is associated with a

expec e sfope of the trailing edge of the set

CUFO’BYit ofpiatadmt tristerd pxhibitseacslighity lower regsince ghamgyperded, the magnitude of the

i ncreased to,ensure.th t t eset. Afie

| S FOSERaER IS AT i T RO Bl AR bomeatly reset. Afer

ex mjk;gﬁmas iif k) eeShadeato e ;iaraatetﬂrsthat%@memcewwm the Zitpthe bit is rewntten
"0" "bit of data bput |n%t g gx ibits a slightly | ower

r e Splegkalfddtor A frlbie SOTP t F&Mhgni tude of the reset

current Aﬁ%%lynﬁ%teh’&‘oﬁ \ﬁeﬁt’n@@ﬁ)&d bitlo bdvead Le\mblehﬁmtz Of its margin is adequate,
ensure that the cell is correctl X reset .
e

adjthesthiperan $e periodagpyly cgmglaﬁ%edléo Fegd b B“i)%rf L&Fré]i“g reghe(rr%;tdually (interspersed
it elger tQal grv\lrm'ntcg) &rt&gntmutmsh;. henidintentiSnal R¥ebt d8Me done much like that



2y
i F

T
F EY

10

15

20

25

30

(block 104) to the cell to conplete the refresh
Alternately, instead of waiting for a bit to be read
to determne if its margin is adequate, 30 the chip
can be periodically commanded to read all bits on the
chip either gradually (interspersed wth other reads
or wites) or continuously. This intentional refresh
can be done nuch like that 6 in a DRAM and m ght be
done, for exanple after every 1 hour of power up tine
in a DR ea%ﬁ rrﬁf,ht He\i5he, f&eeévmﬂbiel ifseeandshéionf gommwumahﬁstead of
counting of time cdan done on the chip (
everly @&fw ﬁ:ﬁthcmdsé'mt EeEH&IM)y Thn couTing P EWIBRTAE q::ﬁ% on the chip (self-

nmput er uent all bits on
e RREHEEY R TrRrey o REThr s S gHRTy Soryiph Hodh ol
the chith! AkB@gkelyf the®neasan e ulh esad und refrhséue¢ Hingcdssary hpusyer b chip is
up. 10 Fig. 5 depicts a nore specific technique 106
powcrh‘étlp -may be used by the nenory device to refresh a
pa EIF-EPé echifiQfie VSRR betisadidiyahé¢ninamoey de\nce to
ﬁ HJqzﬁmsu il c%bgﬁtﬁurtmr |Qn i s p?ggent tr){ght chni .
cﬁe&l@ﬁpamcﬂlzrdwnm célb rIfﬁfrPng?R? of delermipas Fhribre Wfﬁﬁ"?t rgin is

_ P’“qugﬁ%ﬁf“’ﬂ“resltog e ?L{edéigi:rgﬁﬁxglg%g L&l oBFratidtlsQfth the Bemdx_'ﬁcell a first

Isused to determne the s

read Gperationq(bloti0'107) imfvhiche firertimeshobsbis usedae detan@e%mdtat%@a” or“0") of

: t bl Kk 10 o re
the q?@gr? F!@lo se(%gmta crrzg} n l:i;{::l\(r Sﬁ ﬁf@ﬁ?}g a %gd, mo stnct:ve

(lowEShEER) eeshblg Skl dhftertrﬁ\:ﬁ: theme wf the Memoinceathils. thls manner, the
manner, the first thr ‘ﬁ?syr}ge resi Sc}e%‘:%?nnormal ead

first thshellidy e f%&fa“F%‘hE%E‘b‘ iSH‘ée FPeReY e T A" RO el

oper%ﬁ:ﬁg aruprﬂﬁ r@LisQ&%ﬁ@Mﬂdbﬁ}%bMHﬂ fhe e@sﬂahﬂe aodintenplious states during

et ween t stalline and amrp@h&% ‘%{73‘5 urlbngl at
normabrenwh bparasds. OE%‘F geeshald levehiserantica i1 B-figs bemp at -
refcrgr{ca%mngﬁl 605 d/?ﬁ’!sﬁ{aﬁge nfrofil Goud eRiSt REoRtdsiads of 5he resxstance threshold
er ence nunera .

‘resistance margin sh
levelmSSNwmmbbrt Bursrigchersach multipde pompagaterm FaY PR P?éﬁ&gg‘ OL?“e‘(féﬁag"

A LS naL A li§ & Plof O AidNA0Ab Btiesm
smfiipony EBRTHEl tyg QA8 8 gbatne TiL) PofOpammMORD Al

thresﬁaﬂpeus eﬁuxteohd dudl reduis eeﬂmltdm@t':(;md@tlb riisryojds the dfi){%v of agother read

! to.th t
o defeaied) 1 RN PR L P bl AR, {0 005 % e

d ell)ft}z’mﬁﬁmg K\&g{hgﬁ’ thé aekin &xste estaecampiishddfbyahe ead ppqzr@tmﬂ of block
wite i s neede rove
108 el sepopd ‘H’&F%ﬁ‘gleégpﬂl%e iﬁlgéﬁcgﬁ%ﬁ“&ﬁo%q% r eag)g nndary

,ofmg @sr&meqian%ﬁemembgssms dmbutamahaeampmﬂoneghmhmov For
eve

e e sl el e e
remsémce &Teg]%tl(? Eé@ﬂ’ é 2) ¥sh§ec[ fafk ﬁﬂ@éﬂdti@ﬁ irPblodlt Disk ’Jlﬁlu glﬁﬂﬂlrcshoid

read operation in block 107 |nd|3 th 1
609 dldﬁ'ﬁes:ihb bomﬂmﬂah@argn&ﬂ bhBke rgqcbq;@ranan mlglﬂ & 107 1n 1cates e cell 1s

resi stance thresho b4 doagitibe afblock
in the, T BT PG Be: Ui 6is a4 8 114 dpgRbatbloc

108. 0E{el 16@&r thidehdnDE0OESye0the homﬂmglqﬁ a Ger mafgin A -r ead

° pgg gtrr{ocr)ensplecrzlr ﬁg le)?fnil(plg' %713 Ilngrdg%nctg:gtetss es‘a%?sh%ﬁlbg/ tﬂessecond threshold may

be about a twenty percent variation (up or down, depending on the memory state detected by the
read operation in block 107) from the first threshold, in some embodiments of the invention.

Thus, if the bits read in both read operations 107 and 108 are determined (diamond 109) by the
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in the crystalline state, a | ower resistance threshold

607 is used in the read operation in block 108. The

| oner threshold 607 defines the boundary of a | ower

margin 614. As a nore specific exanple, the margin

that is established by the second threshold may be

about a twenty percent variation (up or down,

depending on the nenory state detected by the 30 read

operation in block 107) fromthe first threshold, in

sonme,_enbo nem t [ ¢
mepprydeyife 1§ ﬁopsé oapsé] r actl'TLn(rg}ré"gl Fgl%gﬂmé regéseh B! us, ifth
bitshed ik dHsRRA inGtatenthe Bfrer yhrtslheld? amm!myn d]@&/md@a'{eg al glsufﬁcxent

consi stent, a sufflc nt nma i sts an
g s DeTHFTY ATV ETOBT SRR SRTen D et B RO S Eusting

(blacgél@ v tgbgrgﬁét@ﬂt(ast&%&ﬁﬁg hksve 1ﬁc&ﬂjﬁﬂiohlvﬂﬂl thé&thnique 100) prior to
a

es an I1nsufficient margin, then the nmenory
initideng ®ibch @i foheewating pf s hit (madtup] Blogke h9%: yAvaifing pgnecessary writes is

bl y, ustin
R R e R i A R A i
priTae aﬁcﬁre@ekdﬁ'béd ﬁ’.ﬁleﬂgte(}bilq)mk 1001404 #0R enay dasbadi in g vafiety|oé different

bi t din bl 107 di
e SR G LM 4 0§ e

dcvfcgp{ g &tk N g2 W tedtmiquy & ﬁﬁxch , Fheespliny & ttie mrmdm]a dcvxce
h techm

ues 100 a 0 e.use
reading (bloely 1 5 it éﬁtem"@(:%‘i(i}‘ e e i?“é%fc‘a ?Sbes (%‘“k,“_“) the

memoe]c @&[ if Q&TEQ Fih & ein@uistsbehRiER ﬂ%"ﬂéﬂ@leﬂlﬁﬁﬁ&i redisthfit® and the threshold
i nven the n%ﬁbry devi ce may performa techni que

_ 'res:slﬁ:ﬁc;uadtfao’(wmqlueadwcmp% in response to the nmenory

ﬁ cq d%pqct%n%‘ri‘echﬁg\a e{ B Q%knclhethod dlike fErfiing i @MY ebodiments of

vice refreshés (block 114) the
the iﬂeemnby ethé :mmwmﬁcmem@vweew@pemséq watng {hleck 116) a
cell's exhibite ist
P e BT GG TR T Sty Bty ooy et margiexists
betvibeR iHelcsll's ekigbid rqsiﬁam and ﬁ:amucﬂeldmmmy:e desdi fgénormal read
perforns in some enbodi nents of the invention. In the
operg®Hni que 115, the nenory device, in response to

wr ﬁé B Qegglg’tk @fdihek I&hnigud b1 Phstthembmprybievice performe nmctymecn on with
cell”, ‘refreshes (block 11 ) t he
a wrijg pparatiosrie arﬁ*al?“@?lﬁr pepaysel HBP%%F{“?‘??@%E%T ot lpypntion oy the
techﬁgﬁé ?f&aﬂfé%% 1ib§cd dti@mbRb (H:iﬁﬁicﬁltlahﬁﬁethﬁébdﬂxf the memory state of

read operations. E%g % |cts anot her 1 damﬁﬁment
the heptmyicgllis @!8Stﬁﬂiatf“htth‘éblﬁ@ to 8 BehE BEeTY 81 20

CoNnEChE c‘%{lr;}("lh%en g embﬁrreg ORAARE LANthE hréshPRITEdifacBlused for normal

anRgexmm I'n sone enbodi nents of the |nvent &
readtdﬁEraﬁﬁhst fthisi cquditidrl 8, trug Hbembamieiogedsvics dgesnot H;r%gg‘x e write

di anmond 11 et her ofort B8] and sufficient
oSSR L B R 5 o B i
mardh 'eici%@n Oierirke themenyryaievice amitbsdblotk 1303 themew bakgp gememory cell

ts bet the cell
and aeaien G L) YAl PP n 5 e S oA R ol berveen

the deli" s dthid @@Fb@istah&rhnusaha thttEhold {‘Eeiatah&ermafm hymdaévaad@pdews
not performthe wite operatig cel

t h&¥ig Griegicts alpartichler MPMERUFVISE of 8&*?@ FRPRE %HSFSP’%%'FF With some

f:rnbcurillii-jne“?l%J ! It}g:el 1%\rrletnt10n. The specific structure of the memory device 33 is depicted for

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

understood that other and different structures may be used, as the scope of the invention is
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25 margin exists. G herw se, the nenory device wites
(bl ock 120) the new bit to the nenory cell and
refreshes (block 121) the nmenory cell if needed to
ensure a sufficient margin exists between the cell's
exhi bited resistance and the threshold resistance used
for normal read operations. Fig. 9 depicts a
particul ar nenory device 33 of the nenory 32 in
accordance with sone enbodi ments of the invention.

The s ecific s e of t
g e PR S b 5 RS o Ty P e o b of e
techR0¥ &%@éﬁie@hsovermeﬂmaaﬁhmmagm ahdiS-@ntion. It is |
under st ood t hat other and dlffﬁr 1t stru éﬂres ¥ EEO
uséd a fargher fraprovaprat i experenceil fsfiehi b i ecngpl Beld gpgrapip, Gfough not
in wox%t [ cas tcgpxggg nﬂg gleﬁ‘xl 1? c{'@rce Eﬁ‘ ﬁxa?%@ﬁfdérﬂﬁﬂécﬁ@ f1358 148 bit before

ni-ques described above
wntin@ ic afhe bit umlrewi)t 1h e @:suectastam th 18 writteasthg Wit ¢ysleris skipped (but
rovenent. to.ex nced, re
o PO SRR TP G, R AL oy BB A1 o

givel BITE ShedeMbes té”tﬁe Eﬁw nh@bar c[fg\rrﬂemﬁ:&smnszmmtesr €arfieldyedquests to
before witin e.bit,is al

d
progeas béép S¥taie 3 el ‘W’fﬁaa 33 ast“ﬁ'S”W‘F 3 %’f&‘%"‘d bsc?‘“e write,
i gnoaﬁé 1§é§yﬁﬂer H"Bhﬁ‘zg bfhid $dWEniiRie Ghdtgih Wil irhprovadRapiBtye)nce a read

rove field reliability because
operatigni fatb tfdnlttsy effmi omexpgrigrsnd G Teliabyity eampazsde agvrite opgration.
t Ogﬁslo e%n%%ﬁm%ins% &He%&‘ﬁﬁbx? So bdteriRaht BREASR wh cifrieBl fbr reset,
grs™ programa b to a state that the bit is
the mhimaﬂ yesmuasmdeceemu Wewtbwaﬂm Wogkanzy Ysdpgged bytotalor by

pen:fﬂ)gn 2 Ir(#qr\%l: L hal . r SOUeSl g?ééegéq ﬂ?e?&h@:qhéﬂl@uﬁl%frégeﬂlﬁgent attempted

fFEPHpT ove r ity since a read
for aQ%f ﬁ'tsbf)sﬂhan a6 irfcaasddaes suelkfdc Prqﬁnatéxphﬁr fiessh gureent wll gtart at this

mimr el i Fabl it ySl{%?nB]ﬁt"e%va‘é ﬁ‘?w\é\/g I bxp Y @At le uﬁ.‘,%gged m r%mall

ron, tern1ne t
mcreYHe‘nfstﬁ%E 81itis dafitfadtOdl@writteh Imeﬂlmdequnwnnargset cur r e nt

ey ik EyR 2ot 3 Sl PR 100958, Db 14mey

used %(8&%1% thk Rek SR {d 8o bé esedifbd rﬁlﬂﬁilfg&sﬂ’d oftapartigntar block. The term
enpted for a reset or set sh 5; |ncre%F q§%§
“blodkfrelel o e STHEH BeREh 9 ¢ REMPBGRTeg et Sites R F el Sycpeor @

com at&h ko ex%ﬁplgjb M, R dRaN L 760 ghe AERGY id@}ite/3 ¥ @sets (bYdcRF02) the

réset t the current wi e increased in
next scﬂairﬂ the bloclk wsigg ge@qqqqnpneglwgrrg}ttlcvegfogg]pngpt&g;p@ppp.yFor each initial

idren wth LB ﬁlermr SARR M RN! Gie Hset t
m“"ﬁﬁg)ﬁﬁ C“arggﬁggﬁﬁ?ﬁﬁg 580 that 1 depi ct ed’ e

levelHk get tdzﬂmrﬁﬁx)dxrﬂ&vel amladensuftqa ep*e&ﬂ)mimsm ferisubseanent akeappts, as

to be used tt| cel
descriprd helopmAs: ﬁgg‘?? erggsefm {s%ﬁ)géegc on dghftdér all cells
ofmghﬁcﬁggahﬁuﬂeV|ce that shares a threshol d sensor (a 20

O A IR e .
whcti’lg‘eth%}le A Ksulffidifg nﬁr'__éiﬁ SAG LR hdh BFler@ibn! eMiot,| tRy@embor detvhe 33

operati on or each initia
eases (block 706) the current level and returns to block 702. Otherwise, the memory device

incr
33 increments (block 710) an appropriate counter to log the current reset current level. 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 18



LN

10

15

25

30

attenpt to reset a particular cell and establish an

acceptable margin for the cell, the reset current

level is set to a minimmlevel and thereafter

upwar dly adjusted for subsequent attenpts, as

descri bed bel ow. As described bel ow, the m ni nrum reset

current may be adjusted after all cells 25 of the

block are witten. After resetting (block 702) the

next cell, the nenory device 33 determ nes (di anond )
suf LR 1o ridael PaticlIitekR ahSeBusuld dotlihentn appraginateahargin g frgged. In this

reset operation. If not, tge rrenof"l%/té@ew ce%_ggul block, the memory
mannercheersasnis thsdre FlowITeRth ased |9 st & PP e 1S

bl ack 702, el R of WREhERERIcYealiOtE GEnimash fefit cam@Enleel. For
deﬂf%?%@ﬁy%'bfgae% appr opr i ate counter to |og the. current
exa:ﬁdlﬁé,ehe fibmbANievice 38 may detetnhing (d3anondl 4} whethe 2 Gpat number of

evi ce 33 may i ncl ude, coup. SEEuE Gredleve®aBRo, then the
CEIIS&FVV\E‘FGBHCW‘?%“%%%%%WPE at ’Wﬂ'é'ﬁgrgha%g% |{nc uﬁ%ar Teset
menfdty d&Ade I3RS (Bck MIY) ereanininngn tiveend speldpr jesat eperations and stores

counter, the current that is 9 sufficient f. .
i o e e o b b g ol g 8Bl Bcsron may
be a fow 8 Beik %@%9&@91)13%9 alcBitfol cHBM D0, (Figy 9)pfans memgrytdeeice 33.

[-og of currfents used to reset the cells i.n a ' nd th

paAtprefirat seqback may he (Rssiory 2 VARG resel oBarafion atepupntgh #pd then

__a deci sjon of whe | L eabini TWel, BRSRI is written at
read o b i D e b e A B o 33 ay
(1.19€ bR e foad th dsvemuinerif adequte mhEsin. lf S1egis PPCARCCHTHRIBAE. then

of 5 cells been .reset | £8¢ 4 Lt of ®set 35 of
the ol R AL D AR U ik P B CHEbR o (e of et eeps o
incrdiSiAR E¥réle MhehSGt Rojrireh svithadonkieTBint e mogpsiippurrent is logged

_current level for reset ogeratio ' ] her dufk

by ingrepreaties RO GEHHGHTIT DG RUaD iy g3t  pighér doffent
(AT o Moltighe oot vargmmen & acwiod Br e
wiit®) Tads infoamnaHansi?y be é‘9¥e€é'¥ @S.“oﬁvﬁlra%;tcé’g?s&?géné& dence maysl}wal row
acce e B? Hﬁ%%& 4Bt 33 SdREBY the Pk Adthed thamt oCESHPEITIOses).

an(cil en ead to be sure that the E(Fﬁ_gt. ggﬁrtaaiinopi 15 ma

i sSihaiie tosht kettinpef e EsThERETY. 2 tPFhnifye T8¢ gt IS EFpIciFg 1 e Y

Wi tt a - nilll?l'xf(f Rided EO for 8 itk Set Ipdrafidi. 1@ theftechnique 780,
be “%f’&é%ﬁ%rhehsérﬁl}%}]nn. fant%he?ﬂe 'i's not an adequate nmargin fall
the théiRery deviee Sdets (plock?Btteamext ceflin 2\bleck paing aa&&ﬁﬁ*}’%&f’% sweep 1a
. Hence the.reset he ' QfathiRn&h QAPE nfar&in for the
time; kof @3& F‘H&a‘c@‘ﬁ‘F’F‘EﬁP s Hipitupltqtand, gtawri fr t h &m _
cell, ARLEEHERD BITERRGIsRet henisimumetnt aid bererRanupardhogiistrd, giydescribed

incrementing a counter for : = BReUHblock
belows ths Geregiogh PpHg DAt MY pE Wi R ancl BE R BEMRblock are
writlel® currents of higher value), the lowest starting

current is increnented for futur Wites. '

o Rt RchNe B0 ORERoP ot Ho S A TBT S PE F4) srhether the
_chan L Phswils fdlldmd i9 Wcraassiqbvek 786), andeomerioetyrns to
marga v %‘gﬁgg 'a%%]o%g% by t he us_elr (Crot her t h,ggn for test. ter 409

blocRTBROSEB)wisSithd Inemonysleyipe3 Liveremgnts dlog, £0) ag gppropriate coun
_current, a technj.que 7 bSicHePi&GLEHndsMdiingnd 192) that more
it e e B e _
bits b in FheMibdk@o pRiceaplemtdntnl retupstth block d8hi Gler 8o thegpemory device
the nenory device 33 sets

QG i . swee
33 dgtagngiek (d@zgpqm'l 7&"‘%\”&%‘? PRt ganqgnwbpégg%fgﬁtpﬁa%%% Geiktkn bding P

10
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time. For each initial attenpt to set a particular
cell and establish an acceptable margin for the cell
the sweep fall tine is set to a mnimumtinme and
thereafter upwardly adjusted, as described below As
descri bed below, the mninumtinme my be adjusted
after all cells of the block are witten. 25 Next in
the technique 780, the nmenory device 33 determnm nes

(bl ock 784) whether the margin is sufficient. If not,

fanl hiR€s geé@@ﬂh&@!hk rdihiffRmi §wéeE cxieaaedifh) tbakihd Bénonadryice 33 adjusts
cont¥ol returns to block 782. O herw se, . the, ne

, . I .
(blodle ¥96) ¢heaver Baildivesans! SBeHE IR OBPmRY %ﬁﬁ?‘é&rﬁyé’fl%c‘?%"y‘iﬁ‘”“ 419.
coynter 409  (Fi Qoo BBt B inSe eRetl @bbnitiéver. Ak
¢ hd Dl it e éﬁ%%ﬁ%‘?%‘é‘&rm rfé@ﬁl(di anongd 79%‘3 That o
spediY éxanpld, if aawrite isunsteetsfidoke tab syeapdeld & ingrprsad BEsbY 0% If this is
~returns, to block 782. h ' t ' [
unsiscesHo dheeh e AR DA Tt ik S Er Bt £6eaill at the
hjghgyggp Shecptint tAS rﬁﬁéﬂ&;bﬁﬁ@a_cmﬂtértdﬂﬂ i.ﬂiﬁtﬂ&fglelsllﬁé epeﬂi@:tflfl sur:t:_essﬁxl
tines gf__eater‘_ t an t_e,lm ni. mum S\/\t/%e a rk09t7i'§m?:'r § 1 S0F the
currrh éfgredier theayronymigay SEilahy, the 54 e 5t ST
sweep  f i OB -and. S§ Of & Shipk il Whith the¥eiTevel iswehiesed Mt by an
a’mB’)]/VYeot%ﬁ%t cgjfﬁé%gﬁdgﬁséﬁé4-lg.whus, g}fpgrti"gﬁéiéﬂ[ S tantlwgss-thanthe
incrd2€gi fal tiate, bihdyauast &it ime aOHSABAGSRE CETRT %Vg ;
~a nore cific AR ' biS a5 UE&GE SSakdH usi
rese{ R Car LR PERs Sumbit v bEa bRalBs HAGE Sukdfl using

0 3
currérs suRcadEiselg oS Sitmi I resethmtibeturrsgy is épndithat seig the aesésdpnsg in read mode
. .20%. and then the set operati ' Lt h&ted
in ok esiesn Fse- Oy prned SRl B, ORE Heybe Horkfipicd so 2 more
intelliSenk HGHRERAHAA niag be @bfigdtiot that tdoskoe shipuperhaps stagimg thef initial
~greater than mninmum Simlarl the set :
currapd@ 130 perreRafdiABER Peaybsuesrs et RS “?ﬁ‘i%“?%%nﬁgﬁm
therd, "G5 ER uei®hobtréierable wheh alitihh enuitgile leedlento the celi. '
achieved not by an _increased. fgl I titge hJibut ip:%egbf f}ﬁ)tck (the
'f aln somerpmbadinenis of ghenpRasRn. @ the Koy dtie FUR SFRTHEE 8% P1%
malk%?&c{im hilfort that 85:8ds aRRKhId b T}, , THeiRinfiRgN rdsticment 1s found
I's current 15 varied in a binary or .linear searc

that sisbesgfully writenildits in e 97X Wit 2Jequae pggin. THg gurenjf e igereased

urrent is f Re WHRE GRhAtbIsRASIHIGR, th
a“a‘%l’i“?tﬁgn 8%@1 ?rg%gg%%gpt %)ﬁ/!(;:garis ‘!ri]fe%esi red cur rtent i sl B, the

‘minifriddngk; seeepaltpt & therafpubd usipgethisrphpgea (yakig ofrepss carrent that will set all

__intelligent starting curr A Qedultmarein &
bits b RLopE Lo i, S8 preRihiPy S6%\edude Qieds R marsin for
seitifgd bitd PréfefBE ot fet kiveepnabgte 4l Gmye end resel curmed Ag cheakesd at the factory

current, and indexing.lower .fro j .
st b Pl STRETR s, APiAReL AR {21 g e i n some

embbBMEhS of HleGnvehiforzel | . I'n some enbodi nents of the
I nvention, at the factory, the cpé(ﬁﬁi s_scanhne

B )
bl db&kmemaey deyieq BB dncludep REMGH SSHS ?Vmi gddress % vi4 column lines

shares a

130 %cg rt‘%%hﬁ’:leg 1§f1[i%[9ﬁbe \A%Bfécmea L BsE B5BE 16 Wik 2N TEdch nfeaiongcell 140

success Ites all bits in the arra%vmliﬁh
inchtide o) yRise chanpg imaterizhivBose stetedh eontglledhBn v igdr esgidiEljcycips to store an

adequat e .amount, preferably about 20% for subsequent
assogief 98 o A3 har bl ock. Si il ar | y, the
Although a 4X4 block 139 of the memory cells 140 is depicted in Fig. 9, it is understood

that this array size is used to simplify the proceeding discussion. Thus, the memory device 33

may have a significantly larger or smaller array of memory cells 140.
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20 m ni mum set sweep slope is then found using this
chosen value of reset current that wll set all 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 tinme and reset
current are checked at the factory at both high and

| ow tenperatures. This procedure is followed for al

bl ocks on the chip, in sonme enbodi nents of the

i nvention. 25 The .nenor sdiseesitiR I umn
c AF £an besgen %8?1?;? 3 5%5 nyen%(?y&eciﬁfl%?isésg 1 [particular co

ressed via colum |ines 130 and

line lg(ﬂ% h QRS 2182 1ind'%) s6a A pheicalppoaciingtidd, P thgpebixation qfthey
e art. Each nenory cell I
associated nglemd 88 o s Ees FoiFE tf‘gcglolr?togg'{ gﬁ&b@ ﬁ)ri?;mt:n b
presep/ set £ e6BldNo i asodiad eojuinnt ancymay be
this mﬁﬂ’qeﬁ’c}ﬁeg‘ﬁ'em S3GR0 bty St 610 | 140 s oo
coupléiﬁﬂi‘cﬁgﬁdzhhms Effg:twgy a|d;od|e§ %Bg%ﬁegggggg\}%@ u.nt:tF1

array. si.ze 1s US lids fas ga@dm@ﬁﬁemmmerefore when a
BIT TS ES s o fPOTlle o AL s b

rmry devi ce 33 (r)ra ﬁ@ gxts
pamc%grﬂbﬁmb&%@n li¥0 Isaelgeted,ots aswoaieted columpdipe 4B Wﬂ} 3P

can be seen fr nfRITRY 04 foR thr the
associautd rows ling 5HCis Argen 91 oY blaorntdllagﬁ?l%rzs %0 um |ine 130 agh

a al A adRithdd dnd @ajatian df tispamrtiteulsathar eviehlishes whether
mem“&% snoM% IJt Egeacz{g?!vatl on of the &}ssfg bgk)egrgsg 130 reset
the schoidd mmmotﬁ@l 148asbeing wad et (8 a2 X ite or

read operation. In this manner, the nenory ceII 140

P e o i P b g e 29

142 (prefer abI dangs drfse to these
selecty m§w wy lirids T3Y. RS hRhndr UAE fovddech St ogsp

O7ET s I nport ant, for exa |
add:c%%?@ﬁlsaée&@nmwdhvaseoﬂ 3dlect Figarlafeall nﬁ )?anggﬁ)tl% W, fo,select

menory cel | 140 el &g Eétaﬁﬁc%%ﬁh@ﬁloﬂmkﬂmress signals
one of inaee of iy PW | H’Fﬂ/ie% ‘%5 glcl %s . associated row.lin

may cléﬁ% thSroW de¢6der1omo alecomacftisrowines, saelieSomatiplipy gfhe address
se to fiowl hr%" qgf-h{o Sfﬂe% %f&xe‘f‘@\b hind3:2, ddottied céhiBination of
0]

Slgﬂahwgmqa%éh@alﬁ’&’ de5e current pulse that
the aditds8 Bieha 13;5 y hié hﬁrrowﬁbcmdsxenédb edectrévo pfthe &pW linesgl R2gete. When
erng rea

set (via S 2! }él & 1
o o A Sy G g 8ol e
Adiflg ¥iBihE seledtibns byvhdeooderdes
one oggllc:é gmo ec’eﬁ!l{ %/\%)V\g%ef our row |ines %ﬁ'ﬁ < snl eétﬁ'ﬁlsslgnals (called A2
memm%w@wl?d?eero@éwni?@ sirpreped BEHES 5 ’

agdr e el 4Bl dlicderD, YOy oheYE) Wiyl one
A3, V(Eéw%ﬁ’% Xis o a%d X:%%l Iso(w teo seI ect

or mAFRESuh: linB€1300vin Hiismennes 2vbepgnaaf s SHEPE S ot g Sl driven bigh,

conbi nation of .th 160 adishilaf@)thE Rdisdechdee lﬁamhe
the corEsBRRMNZ PR ING g?lqg% &%%el? The row | ines, anot

colmﬁx? H@gﬂ&t 129 Inffselebtnaddoes four solymaliges P Jhis &b 55 cpwf the
eco

coluran bnﬂZ{byéﬁggﬁn&aﬁ el@ﬁ%(:%rf 998, 9fhel D6 1R QY 192H5nel 3% decoder 124

addresses selected memory cells 140 and may be used to address a block of the memory cells

140.
For purposes of controlling the time profiles currents that are used to set and reset the

selected memory cells 140, the column decoder 122 receives signals called QUENCH and
SET SLOPE. The SET_SLOPE signal establishes a trailing slope(s) for set pulse(s) that set
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the address signals may cause the row decoder 124 to
sel ect four of the rowlines 132, etc. Wen the row
decoder 124,drives the row line(s) 132 low, this
enables a read or wite cycle to occur to 20 one or
nmore nmenory cells 140, depending on the sel ections by
the col um decoder 122. The col umm decoder 122, in
response to its received address sel ection signals
(called A2, A3, WB3 and WB2) drives colum sel ect

sele§tle@ patigulirGidrh@dl cHB(s) Yln thi\éznzamck wBin thi: §E Tt SLQRE sigpalgpasserted

nore colum |ines

f
(drivdnehighy Mﬁﬁa@é‘Fle‘EanuadﬁHF sercyelty ooy ”f?eﬁbdmﬁf 3P ftsY trailing

fukthitelosd) thak paeemblyekaet éthn 500 nsec for the
ﬂ¥§§H&¥§§%P%E?gg&%ba?gecodef 122 tﬁ?ﬁéS gg*unnnggl kurﬁx

wailii22dgemfll sielee Efonwerecty when e setOPE EMhis dpssert

1 he selecti oLy [ ling edge,
cxa’E&Fh‘?ﬁF‘“@é%ﬁ%F v % q'é E‘ﬂgm? g%olkilﬁﬂlg 4 d )B%lrg% amym%ﬂgmr ng 3
rcsuﬂﬁx%@x‘ijﬂl‘esét%ﬂt byapiibidsiepsingteizal wekt mgmm yith @lttadinpagee Hat is

e used to address a block of the nmenory cells
Iﬂdmﬂéyhﬁeﬂm%u9ﬁﬁ§es of controlling the tine profiles
CUhLen t%l\td}?hgﬂirl% Ws@¢b doarrshhe tie arehiel tliehet or36set pulse ends. In
e

sel ect menory cel ls 140, the.columm 0 2
vis oo iasshga ) e QUG SUENGAE R By TEegmple), te

blrb RESyRt bldts] CBBvesdeBn a{ @3pohes toxhé QUENCH
comﬁmﬁngé égggg% 12 selectgd Bartlcular menor y

signfidlelng(dsdsseried, thhicelumardseqder iRelorn @eewreem@@fsﬁebwﬁf“ 0

- - asserted dri.ve | b b@ablishe
occugéxfg? écglcéclnélmger h’iéhu(s: E}Ihp %‘%&\{g}g (Ejl gﬁ:ﬂ ﬁ{gg bI@ Exr%egtuts 'gﬂgth? rslgbl e gbl hed by

the SEIYSLOREshakdinnguveds sasydeersciithae pisaed the prtaf seislope

f b h
ensilznidnighenaephr A FE Sesh [2Puapd AapaLiey t 0

SLeR ik as §bmll§thdemra&$exwtcehy thelraw m ind\golufrgy 122 decoders may be
exanple) during 3wl Ir%err%c%é cells lhgeégngl &m?nplc of at least one -

TNng e
possfb?esé}}lﬁddﬁgeﬂt TFig lr{ﬁﬁ:ﬁictsbi ﬁ'utbtabﬁ:ullo k}iayﬂhJeur:m:snhe salertichof the row

reset current with a trallln refe
seledt gignals FANXLOXhandaX3 WQSW‘?“S ftafes ?cg Lhes%d deco%Q sx%nals A0,
Al &ﬁﬁ :{nﬁ'wﬁP e ok s Wheh bt b thb eddes sighalf aeexhvaujose(mci by the

) I'S manner, 1 n response to the ﬂf %6
mp naepgaeasmpw@@cc(dm 1304river gply thegf3 @%/aﬁffﬁb?g" Reteist one

COHEB?R}%??S d?v %eelﬁil 18t ﬂféﬁvi@&?nﬁ}-‘ﬁﬂ@ 182 fnﬁf’ S& é&&iecﬂ:\&l cﬁ»ﬁﬁ)manons of

in"response to the QUENCH gnal _bei
the APRRISET ilgm‘h,ls meepmmmnwae EdadiheTomh bledul. FRRhessFlgffions by the

reset .or set l1pwe
A0 3pd A %ﬁ gfxﬁ% thd i o%glg i g naéé :9§ ﬁng%g g*ge RoW3YSand 6 of

the t&RK Ablel lflbﬂgplbtycon{bliteltlﬁ‘fsTptﬁhlﬂ@Efsn treaVBa mrgmdgs driygnkigh and the

set cycle once it has passed the criti
mbﬁ*%ﬁlé qriveniqwHnAe Eh‘“r“@n? or thesGfete 588 o S lggérrezknt@péd’ and the

two ﬁﬂ&ﬂl&ergwtlﬁ’xé ﬁx%?%re elfitdd) depdihl ohhie astd beths Adi sigmal. SWﬂlhmboth the
re received by the row 124 and col ymm %§2 decod d d4i
WBorayd W 1 2(gnals are driven high, then all of the row lines 132 are selected, as epicted 1n.
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
this manner, in some embodiments of the invention, the column decoder 122 includes drive
circuits 150 (drive circuits 150a, 150b, 150c and 150d, as examples), each of which is associated
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used in a variety of different ways to sel ect the

menory cells 140. As an exanple of at |east one

possi bl e enmbodi ment, Fig. 10 depicts a truth table 110

that illustrates the selection of the row select

signals XO X1, X2 and X3 in response to vari ous

states for the address decode signals AQ, A, WHO and

VWET. As shown, when all of the address signals are

driven low (indicated by the "L" state), then the row

de e ardifie?éht dolu@dinenBy. AlpertXBlar drivesekwc i SGkis getatateddor purposes of

e b FRRETITR e bt B30 it e 1
Colﬁb&élbﬁhéquﬁ sRhal th{ls ABviddbyd deeb@@Hchit 180, MIBRI Sdr@shldry, the decode
ws 1I- 0]

ro the truth table 110. For these selections . _
bycitdui 18Q@ceives Pk colimgnafidressisignpls Ao AddWiB3and a3 pbfurishes decode
and 1 si a [ L 1, _—
sl Bk oSDBCO). HECK ol DB Bl Blculdl e cond v
V\B(505] 1508) 1508 afid 1 s0enrekpeglivedy) dA¢ deex@mplaBihe siiga alkeuitsl 50a is activated in -

driven | ow. As sho Jhese states, ,two r i nes

Vssngne @ibectspation e PREYORAHE Spas Rul I e

t hat - larIg V%Séﬁé @%Bﬁﬁmglﬁpsﬁﬁe gﬂeﬁ_tgﬂ, tht diiee ﬁf‘t_:_luithﬁﬂﬂihg have the circuitry thatis
signal . When both the WB0 and WB1 signals. are driven .

hi @hstratodan Fig 11 61 thafisive SR 108, Prgprigh e dBe R Yooirouid 50 may include a

d efpﬁgﬁagmﬁ phetal-dxiddSehicdbaich Hefdudrfcl 8sRiol EIMOSFRE) 154 that has its source
conbi nations may be used to select the rows 132. Fig. -

1 tenreipi! covplahte aqesitivé veltasy sypplydicalled Vanband itredsdin tergyinal coupled to the
the col umm de ack N $hls:n v - ;
BB F el S VIDSFES 134 hetp MrihifEFRPGE PMIRTEAESS, in tum, is

i nohplee® tHe tolemn dine ¢30 that i 8Qoqiaied wah dierdniye ccuib ), '
150b, Oc and 15

d, - o
- associ a8 FHRP Ofath%? er ént‘l%%)é?cﬁﬁn%g'@f%éné%@g%% decode signal

PEDECYW, BECYTI, DECY2roe MBCYE) Groinstha dé¢codatientit{180. puapesesple, for the

of _selecting and readi ng/ i, fram qne .

e g spagbo s R e AEET 154 Pl WS PR signal. When

I §RiB Qilg;ﬁﬁ ]I.§8 éobséhl\)egi(&ﬁléﬂnrlfé}@folr ieﬁan}i}il ] l@t\thdﬁﬁir(b)drﬁ'n_ﬁmw ﬂ}e PMOSFET 154

ci rcul . -More particularly: e.deco - s
18onqustse cpasntthe. 1BEIWIHA CYiR F%%?bg%ﬁ gY ﬁ’eﬁ’,‘o%ﬁ@ In this manner, the

' %%%g\ﬂﬁ?him de i PRAGHEST DGRV 2 SIndhR kénse SibhR (ealleCSE) that establishes the

1, DECYZ and DECY3.that are used to activate the
devuehs tobyghhe sourcestyain paibeth the FAGESERE 134 My, source-drain path of the
rﬁ}f@ . GBI s 1htD SheMsbobfardd dofibked 1ided0@. Thus, the source-
activa e%?%gnmdﬁ%%gﬁse to the assertion of the DECYO ]
sidgrimpaths/oftthe PMESTES's ¢ 54 o 158 retrerialfy epgpled tagsdar yridh ths column line
of e.inyention, the drive circuit 150 may have the
cilﬁéamﬁfme?ﬁfm%ﬂ'l ustrated in Fig. 11 for the
drive @isidestiibed 5ew, dependirgtanabs mmber hEmedmpryaelds thetrre selected along a
150 may i nclude a 0 P-chanhne . . .
mPPRICUIgL FokurR BT Wnﬁl?c??'b‘fm‘f‘#g%‘fdﬁf L35 ity hemagugp of the 52 signal so

( RAMOSKE Bhtivieadt ardvie@ireiB 50l gréviwidte ciirfinfionial aseeitpdded int line 130
a positive voltage supply (called Vdd) and.its .drain

{ evien o memap esls 140 pareclcated Ao B AFC RN gywhen one
?‘E’I?éﬂé%{/] (STIF{@)I pir I‘.cﬁéc‘fgdr}:l%lurrﬁlf llir{ehg() R R{Eidead FuttRerinéfd) in response to the

ed to the colum line 130 that is associated
Wistlactidnesf dovir weenwiry calist140 5@ .colima lpgt!@0tthe prlyan degodemi@2 adjusts the

PMOSEET 1%%1(! Cs?én%??o &xﬁ%&% Clrfep %Qag})ﬁe% tg %osgﬁct%b g&mnn line 130 than

magnitude o
when one or two memory cells per selected column line 130 are being wntten.
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- 15 (DECYO, DECY1, DECY2 or DECY3) fromthe decode
circuit 180. As an exanple, for the drive circuit
150a, the gate term nal of the PMOSFET 154 receives
the DECYO signal. Wien this signal is asserted
(driven high, for exanple) the source-drain. path of
the PMOSFET 154 conducts a current that, in a wite
cycle, is established by the PMOSFET 158. In this
nanner the gate termnal of the PMOSFET 158 receives

th %‘urz{s:%] Iapre‘f‘:ﬁf?)‘fﬁg tﬁ - %S\SE' citcGiah $ERlciades atidaOSEBT afd tosbes the read

rent 't the source-drain path of
cunam&ﬂssbsmedtchmmdumdeo dincthys TFREET, HE SPHES te@m@ég’?"i%%lzm 156

and the current.t tQ.t
is cqupled tq %szgmnfx{:@l tS OEI?@%_F!E rlg4 nagﬁ g‘%ﬁgﬁg Itéilﬁlﬁgﬂ 6P PMOSFET

156 F&Q@ﬁ%&'ﬁn th5dolamd 116 83@that is essbaihted wubu.:tp:l ct;‘d/etcgggt K The gate

the colum lipe 130 durin it.e_opera
term,ﬁgl gégmqsgg'g 156 F‘E?W"eﬂ%ﬁgﬁ&f 55 t%ll?ﬂ%l m:} r‘tr%%r Jr Junﬂgr to the S2

t £fhsedh@magsiude ofthe HREighl W ﬁxfjusmiheulml of
Slgnf% JLh %i@}g’?de ed%f:glﬁurm decode?g122 adj usts the rmgqnltu
curréft mahﬂo@thmug,hame aseociatefeolumrtkpeld dyamgaread PREal source-
h $heafARSOBES ﬂ@ememMOSFET 154 -
dm??&tgg%%&ﬁ 1:38#?‘:&1 ierr%%?%/er%g“?ts 140 per sel ected
andﬁ;@'ctiﬂfhnlunaamSO are bel ng witten than when one

menory_ cel| 140
o Bt ) TR 139 80015 e

cou;ﬁ%ehﬂ?eﬂ%é’as&ﬂﬁét&i MME!EC 130l andngrouindy eTlmte tetmeinaleif i

. decoder 122 adjusts, t t ude e

NMESFERAET MERESAIFT T bR CA Tt § SEd b st R vieh, for

cxanlxsﬂ {;5 ; &l SDrehd @ﬂeratﬁ?ﬁ@ JRBRur &Y erleidy stoBddnluY te ik kgpapitance of the column
el’ec

ed colum line 130 are being witten. 14 For
line t¥hd operations, the drive circuit 150 includes a

P ET Jag@xﬁr?%% QP‘% Qet&nﬁ SEI&%ﬂmc Qabrafinfor the dfibecircuit 1503 is

i ne . In:this manner,, the.so .
dep;ttedt m mgl 1 lofhe BEEHEVE cpsgxts 1,g)bcbq95 pa1 304 B[liﬁélatﬁ- g{nﬁlar GSIgnS mn

ter g]‘ri#iljﬁaﬁﬂ!i ﬁf ggPemF%Eh %431 ek ﬂcﬁﬁbl@rﬂ@d the 86v¥dainalt 160, in other

som¢ 8 I's coup ed o the colum line 130
embb&i&énmsf%mmred with the drlve circuit 150. The
gate S ter P dY]ﬁ&]t?oﬁHé ﬁﬁ@ﬁn the column
seﬁ%gert'?&}"l’ OIIﬂE %@ 55 -rgﬁ?]lg%r]é Sglﬁdm [ar to >

decodbrOn2linclidee ﬂﬁ:CIbMWhng emnl:ey MQCIEd}h[}'sn@udeh@ Pﬁﬁ@ﬁ-‘l{.’g 486 that has

of the Si nal to
s st e hronBis ¢ RS CUI B B T TeOT D dae Fh s o2
pos:ﬁ&aquQQQBﬂ%eQ&lleéﬂnbﬁ end i dfain tcﬂmmlrmfdfe RM@SHM‘EFE’E coupled to
s coup

the splve RDBRET SEMOSERE 1Bfre THORAH AP (T gals L SNOS L 184 are
coupﬂed gtitﬁér éc? Hirhist 82 SPRYmaAl Shedenerdistes 2 alNB/EBﬁE'ﬂ td bide tehrainal of 2
r

aln-source path coupled between th lofan N
resis@B 68 mmhmmmmuofﬁ@rmrdﬁ& isfeBRlRd o ﬂm@mglatfrénma of anN-

kdfiSal2otfi&Elo 2018132 The gat
ChmPEHnggkﬁw a’signa h%ﬁtgtssllﬁg&aﬁeart gd}ﬂ (dr |%en o g
termitiall Bf thE SIMOSIEN DY Eecdfdsarsignakalel Wher ation to
di scharge energy stored, dug 4o, 51&%1 £3PagLs ACeMRIsFEETeI94

c oT by due to this arrangement, When the

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 that, in turn,

establishes the current that flows through the selected column lines 130.
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:~~;-ma“f’ﬂe egp LAl §
. term3 Bf 100 N OSEE T E9Dis toggtd tokdﬁnds'l'ha)drbm twmlml @ tlwé\lMOSFET 190

line 130. 15 Although an exanple of a detailed
schematic diagramfor the drive circuit 150a is
depicted in Fig. 11, the other drive circuits 150b,
150c and 150d may have simlar designs, in sone
enbodi nents of the invention. Qther designs are
possible for the.drive circuit 150, in other

enbodi ments of the invention. To generate and contro
the S2 signal, in sone enbodi nents of the invention,

th QUROSER? 100Gl W@ SE & Peisé GHdu@WE0DY In this manner,
Ci ?g%lc}%#{g& Lﬁﬁ?’g&iglﬁrcw try incl Sges a NE)SFE% 186 t hat

in soms embbdimeatt ef therimmention, dsunoluah deeodst dthiclugeretbzss gpehepulse circuits

ok SO AP A SR e SEBULG e

of thdRsiEMEBHET adBBicisinale@ived at the gith erminal che BIMOSIZET 094. In this

a PMOSFET 184. The gate and .dr nals of th .
maperdrEsiope gircuit F00ba S‘Eﬁb‘feéa S\gay é?’%&q”% d"“H] CheIemf PRt g ¢ recerves 3
j'lhese termnals are also coupled to one _

S‘g%%%%?n@n?{ ‘of a 25 resistor 188. The other term nal of _
"t héWhensingst ane ra@8ory selt dtfhis &xba writangerseseoted copummpkine 10, only the

0 o c ugh the
Wi tsgla 1§]§sﬁgrg guﬁdg{a%trgs-[ﬂt %Egatcuﬁ QQOJe 9 %%eﬁ?%%ztgﬁé lﬁi%ldf ﬁl?o ghth

colUIBEB0.1 Bdweearil wes memsrygels I@aalrtt wche\Rinttenimes selmpél qodjxmn line

thi-s arra \t\/ne t he S
30N g SR AR AP A Ssllba FfVRs hichorof BRSHE o B8 pwice the
1eve@Bf du@ntt6 Sl tRan az&& or2 nmmnemu mhatr édlmms litd 1L lwrittee through
PMOSFETs 184 and 186. Th urre in t
aﬂglirmtaﬁe at{)%e: I\\ﬁxt(tcn then the W1,

the @é.qcmlm@hb%e e 1 e meppry LS

w2, 925 304 §1%511‘E53:E be aéseféP@bivédtabh, ffer‘ﬂ&nﬁIb)’ Kattgﬁlsetahémonal current to flow

ecte colum lines 130. 15 The SISIOf BQI %%ﬂ]
ﬂnromm;EeTeq@woam b%ﬁ‘-‘tl-”%f T%F‘ﬁﬂ?‘?é‘e%? B e By I opgh o the pulse

| %gﬁgprﬁi AR inthiGfent (he nbdr QR blﬁﬁlry wdighting of the
cmm%s'hm&fetg% 122 i ncl ud;g:]sﬁ,J t hernee such pulse circuits
cunaﬁ@mpng%lpuandir@@@é’ooThe di f ferences between the pul se

cuits 20 gg{a&%@.ﬁxﬁé hﬁxnﬁgfc@f of ﬁ‘x@ sHPuKE, mQBmE R&ibodiments of

re Prsqug%oses receive at the ga e
the ihedﬂﬁbm&bcm;ﬁuiidmcwglﬂuﬂmn NMOSRET 180 pethmeapacitqgd 92. In this

slope circuit 2101?’b 6§Fﬁ’f§9ﬁe§m\%@% @IS%@P%?@S%d the source

c 'écel ves a cal

sel ected colum line. 1 n
is cogled fq eng tergripp! o thy ?%3531’“( 13 ‘H‘é ‘%uﬁﬁ%%r ci'r c if ? h’f@%%amtor 1921s
couﬂi&ﬁg ﬁ%ﬁ?eﬁdﬁ&u euf}{e@.m@snlmlr m,ugz the colum Iine 130.
However, 1f two nmenory cells are.to t r. .
seDee tcetam@grpqgﬁpqnﬁ Wé“% 2300te feheye ipBERTMSE: W\A@gﬁﬂ%@f signal is
asserctécgtta%ht?se%Eﬁl t@ﬁﬁﬁﬁl& @ﬁthé dida¥ied? 102 @hbe Joﬁ?le@&ﬁgfﬁﬁﬁi). THerefore, when

cause evel of current to flow than when
the M@SFB@ 194 yeﬂeiwateﬁ4@e pemreciias| 1 BARORYRES 2 Hgejcensifnt{q pRpduce the

traxhng egge or}the set pulse. The end of the set pulse may be controlled via the assertion of the

QUENCH signal to terminate the cycle early to save write time.
The reset pulse is created by leaving the SET SLOPE signal unasserted and the end of

the reset pulse is controlled via the QUENCH signal, preferably using an undecoded n-chan

pulldown on each column to rapidly puil the colurn to ground to assure rapid termination of the

write cycle trailing edge in under 10 nsec.
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the select colum line 130. If four nenory cells 140
per colum are to be witten, then the W, W, and WM
signals are all asserted (driven high, for exanple) to
cause additional current to flow through the sel ected
colum Ilines 130. The resistances of the resistors 188
in each of the pulse. 15 circuits 200 have the
appropriate values to inplenent the necessary binary
wei ghting of the current anong the pulse circuits

200 To Ogﬁerﬁlr:‘ FHRQS &5enaf to@SthBllbhitRd e DA, t}reablunulgieeotl;pe 122 includes a

he 'sét puls i n sonme enbodi nents of venth i
PM@SFE'DEB(Btbatdlas cmqur@@@u@lﬁfémm%éfvwmmr& i§ teymina

ci Lol & @ott cnbm@éoaf t lof
co?‘ﬁgda E‘T%ﬁ‘é ’rne%%]i"?/ags e%ﬁs,%%#%ﬁ% s? gpﬁill ansd tcﬁemmlna ¢

a FROUSEET 290. UEielFateahd dfait hanNMSEF&W PMIOSHES £Ba5¢ eavpied to one

round. The drain ter N ;
rg@@'])p%@m{ngob%;é rﬁr'l’inf’? thc 1? Egghpac%% %ng thE gas shor 2361s

coidEh thedrih i@ of HENMUSFETI 238, hd2hd @mewmmuome NMOSFET
rain termnal of the MOSFET 194

23aiscanglesoraroundn dhe saigamimsb et e Y GHED Sidsposivisa sipfideatied R
tha fEsTaﬁ?eé%Einvmgﬁ%L @gezxaﬂ%ﬁg id RShdnSe ©AUSA! dpeiafion. eTHis@kring a read

paci e cou | ed to ground.
opéfhlﬁfxﬁﬂﬁrr&,d nmhenfonﬁﬁd frhm W@S Egs2 ﬂbﬂa@@?— Jorms §via theeS1 signal) a

capaci t or tr time constant to produce
reaf‘ﬁlé“?‘?‘é‘?felki‘f @8@'@’“ nget pul se. The end of the set

pul Eﬁi:hﬂﬁty ob@hﬁﬂﬂh:ﬁd)lj()ed coipled oasmsuisdreadpadfciicpdry 499 that is used

gnal_to term nafe column line
|T{"€“‘W ﬁ%"‘ceﬁi’e“’ AESE a8 1o gélgmca:t)r/q((;ﬂa tagﬁ){) queggvoﬁﬁg@tme line 130

1F, éh@ﬁrﬁioﬁn RleferMASB Fig. QQI ‘iaBcing hebt&imdcxuf of thtymvenrtipa the read

troll ed t
patﬁéuégwéisq‘i%:@é%@e%m%ﬁg% b L i o
res{sgp%@%gxgqx%ﬁ By#}l aEJb@:a&@lrﬁHﬁbrp GelDr40WACth 4 ﬁsx@m&ellhl&sﬁ(ﬂtpﬂldt is

wite cycle trail e.in under
esifisiuekiny a SR gusTrat BESeL 16 268 & Big1Pa PO SRS SRR e
e EoldBa thl(EfBOJdﬁdStha rtin t
te@ﬁ?@é%é@%; ugmog%% ‘ségﬁdr)ce %ou led to Q\Zgé gl:pu
tcrmuppb&hwcdmxagaoreﬁﬁi@ i§ couplpd @2 FEFHH ?Pé‘l‘m‘“E?ﬁB‘BP Be? at conducts a

30
ot b T et P 3 Aot B bBed1E 052 e

gat enafgmiiabifihd esinon308sis obupldido MvosPER lipg 504 2pd the other terminal

' pled t t ase terminal of the
of fha Hxis SDR is cguplod ethgr:mﬁlﬂ']%nn af SSIFNPBTEH. A pase terminal of th

BIT6%0 %tc%plé’@ﬁ; g:macampheebneomt teemidinlaif thet BITA0A 4% cmlﬁdﬁo ground.
NMOSFET 234, and t e mna
Dug gythiserepgqseat %BJBF Rrtecely o] Dtip v b 508 and

or FET 234 receives a signal (cal I ed R that is

asserted (driven high, for exanple) in.res nsettt al of the
reaahuqoéufaQOlthﬁrﬂbOWG@?C“la‘iﬁlr%gc&‘mF ondRER Efrﬁlm

| v e 203240, Qhdh
F Y G AR Y o s e

inveRingiput tema(ra) oftBOcomparator 500 recerves 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.

Due to this arrangement, the comparator 500 effectively compares a resistive threshold

(indicated by the voltage at the inverting input terminal produced by the product of the It current
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Each bit, or colum line 130, is coupled to associ ated
read path circuitry 499 that is used by-the nenory
device 33 to detect and store a bit that of data that
appears on the colum line 130 during a read
operation. Referring to Fig. 12, in sone enbodi nents
of the invention, the read path. circuitry 499
i ncludes a conparator 500 to, in response to a read
operation, conpare the 15 resistance exhibited by the
and ‘f}% %?g{aggeeoq tfl,‘[;er@ygt}sr 568 hvithdRe Mkibtane of sty el t49r(esiimated by the
establ i shed by a threshold currenttsourﬁ? 236y the
voltagé (ht ehemesiirsteaingS Q8! termenahighat; igRragicrt By the SeRstAqCE AR Y
of t arator 5 Ok ﬁ]@%oﬁﬂhﬂlﬂ% B0 Aering a
memTQ’GCHjﬁéa‘i R hVerT Pﬁ:ah(?dn%gtthg tersﬁnﬁlrrc;fel\%'h of the ®
readG gtor 500 is coupled to a current communi cation

I|ne52that condu a, curre ol
f uThﬂSsthwswnf%émP B BRg pe Ly e(’tglgju“lrhc eg‘{%g—irg‘ Igahr"l“g“ by
ch:mélgé| me%gle gf"thtet?@slé’tﬁr%é SHDI m3GMe Ieﬁibﬁd}mpthte df the invieetion theghteshold

and the other term nal istor 5
unmSSonmeﬁllé(imﬂg' thiyeoratel of 1o coniroh iRt 48? t(ggPthlfﬁ ?)"9%6‘““ 33
via c%rftEﬁlj ?\Bes A%ﬁ’rﬂ Qt%l; thl%l slié?ﬁlce ﬁ&é&h@l@ |r§gu€dﬁbl§ kedeted of the Fr current.

ector termnal of the BJT
' COmPhiS thafuer go @anfm—m a Pad opesatiani 08 AAFHEHIE FRSACTY 'ﬂi‘ell“@ﬁw threshold
510 effe tlvel for (MESHClR1 EEBk 3 QlireR08Thus, if
CWCHW“‘QP&%W&Y 5‘? q%f eqT ?g&t ﬁlg’ above-descri bed
the rlsiALOSNENesisloh 80818 medaredeomcwkysrﬁ bvereent the high amogrhopsgate

t 500 .
resmt;ggcggé ?ng éryﬁé}ﬁlﬂ% ;gtglé'%/ﬁ%??%g, ti) vgr?&é?lgllxtg\%rg% :Ezlﬁ r?\églletn%gt%arato 500

is settﬁP&@hné}L bﬁ”e&hﬁe W?ﬁwﬂolﬁl@.& preat at ég mn-mvnﬁ"fmw@ﬁmmal
e voltage across the res r
of thelcoppaaater 8. e reulé “‘iﬁmer[?ﬂﬁ'cio 81 b5 gléﬂ{y rﬁssof{% ous Stat;’
volta d {dimpar: t&JBDOBQs-EHBiEQs:grm td\ﬁdxcnlmaéﬂ’l’ bit ffor example
fth? g’mogﬁ%ﬂ 1 etﬁ%onparaat or 500. 30

Due
and far tha mgeu’emt: statetes theoneBer el 14b ﬁ’cé:f’?‘%‘ﬁ"\‘? é&;ﬁc AR o
resistive idi ®atethi)y the voltage at the
signal h%‘é‘ﬁ't“f“ﬁa“ qtpngrﬁl?&?ié? Frtla{r?zgp pr oducé‘g t he ‘ﬁr oduct of ...
t h1a>rlpﬁxpews o€ dtterﬂmag ovhether ﬁiﬁﬁﬁ%"t”hﬁiﬁ%‘dé‘f““’t b peSistapgs exhibite
508) with t resi erARhohtCotlthe thééhtibhNele aésheld
bythﬁ}‘?‘ef’}?éyc 453’6% c(cu'frg?hn&e%r?g{] I nvert |tng |enput tt erm_nal )
curreh@urdeS 19 iR euaeR r dycredses he ki @ﬂamt@éprenmtﬁw%ﬁhaﬁﬁe fhg gesistive

menory cell 0 and.a read . e 60 lebd)bre
reshpWE A FRBIHEFER P R0 e (2

appro: ShRly B0damep thE RbSiparkioe: Sm(e&tte;tm@elol'ﬂhoes setiedorthy mggrory cell 140

angéd by ei t her_chan t he C
dunng"thq:]g:pql] gpegﬁ@n\)g’/ V& goﬁ % é]%ﬁ glf)an ggrcé%g&c? 518%ha n% be used (under
the cox@cﬁ %lf H@%gﬁ'{& firtie4d0y ¥Rt degsd the thestidid Eﬁhnoiedsmg: thedeerent in the

under the_ control f the cont L L
subséﬁﬁm(r&@p@yangﬂ l@ﬂq@’lgréhco$§m[§él% g)e SOMPYRIQT é@ (Eecfe J:r%stallme

ul at he I EShS), thelbresiRUiibatenngurce 516
Statetfﬁre &‘“’@‘?ﬂﬁ{Ql ﬁé EE%??’ @I%&lt ( f‘gsgjrrag ne;3 rF&te th
may BE téitfolled@by &ﬁdoﬁﬁﬂ K:atum‘H)Odn deprfpm the dusuarenhig Rbieqtivedy decrease the

remsg-a?l? thret.sﬂﬁdtdgxru?g the sxﬂvsequent read operation 108 (Fig. 8).

Other variations are possible. For example, besides manipulating the It current level to

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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10 current switch 516 nmay set the level of the IT

current to the sane level as the IC current. Thus, if

the resistance of the resistor 508 is | ocated

somewher e between the high anorphous state resistance

and | ow crystall-ine state resistance, the inverting

input termnal of the conparator 500 is set sonmewhere

bet ween the | ow and hi gh vol tages present at the

non-inverting input termnal of the conparator 500.

r rfuthndoligy bo it to the higher and

con e (e ey v Bl |10,
1owdrmeemmsaumgﬁ pBoIl] aeraparaters) tosaveidgielay. e %ﬁtﬁf?b%ﬂﬂ@?a&sons of the

;
outnss il PR B et (T AR (o A ez e o

Immk&§nﬁ&§ﬂyn signal to indicate another nenory state
e., the "1" bit) 0ses q{ det er mi_ni n

W Asiae e B dRAabET SRy 1976 TR e SPianents ofthe
mvegtxtﬂll B{etrgglgtrgéﬁ RSy HER?BE! IE8ipk fiiA o 508 (B4 GlaFdsehk sthtB of the output

nts of the invention, the thresho
si gnzﬂ umf trenpmpanatos 506 nGespanieds g8 sdgsrof gslork sigeal (galjgd ﬁzK) In this

current Vg i g
e Sy P P 00 BRSBTS e e

the amk:ﬁtbdtdmndr}cahmmtmummﬁtm ELE| S@drr@nsmtp'prsw@rfatcewsy the flip-

th 500
flop S0 t0stare fhe A EHB Py CleSPTragts” St i srerhfle REPLL P some
embSRRERE bPike 1éntdn, the WreshHolhbdurichesoidee ésmmk:htdmlmmsz-‘&r 520 that

source 516 maybe used (under
has itsoReofergineLETPIed 03 ot Yarorely ek e o dPt H{f"“ terminal of the
Mdm'xé"gou%h:@ 16 the Q@ﬁr&@&hmnaz 5motz& PMIDSEETI 670 Tl&edfam terminal

operation 108 (Fi g . S|n1larl if-the c
of the DMIQRHEICTR, in remymcavnlﬁh@ ﬁ"’sf%f% W“%ﬁ%@?‘gg ¢ gate

terxrnnﬂ'loofI the IEIDI%S'FE@%ZZQ P&Eﬁ&é QBgﬂf@ CallediISONORMAL#) @nd kHeofhtefininal of

rent” source controlled by the contro
the PM@&ERT Szm@cmzcsdlaq:sle‘ag@l t ﬁee forthis grangsmentoduringdiqripal rgad

t 1gnak 1s asserte
T

(dnvh&ﬁfoh&fdr&ﬂ&nplﬁbtopm@he PN@?FFéTxéWp [The leyelgif gugent that flows through
e daa latl ”&gf,@w‘a@g‘é B se | 6y Bl pMOSFEL ﬁiamn%ﬁed by the S1

“ms?%ﬁﬁ & pat anet ers nay be vari ed
gnatUch as the resistance of the resistor 508, for

exanple. One skilled e. art..m
CEhebierhalg et e D T BRI TR ar B FEE R of e I
cmre&pélfhdgr& rEAdDopiatiah trhere Tkl thRad & Iywaedrfma pm'pbsestocﬁ chdrking the
i gher and | ower threshold (u5|n ar al Iq! lud
margooiep thexeb ,wg'l)an the csl 1518 tia:é BE AL glalﬂag cgr&;]xgy mcludes
a PM?j%FtEtle%'lﬁi%t R ﬁs Mcle téi"lnlx&\l\’c& %dctb tHe Vo3 ﬂ?ﬁl@ hBitae. The @ate

i's needed (or a nodified wite

|
tcrminapsToeP MBISEER)S4 SeoAvorys MRl O Sy LOBA RIGap torpinal of the
pvASERT Pl b 1 ot 90ren A PR TERETMOSRAE S26and B8 ko

%““? e eircuitry nay |nclude a D-ty&g
terminki ¢Tthd PRICSPRTISRG s @hipled $o thh eursdna tenméni¢dtion dine . 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 example) 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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signal of the conparator 500 in response to an edge of
a clock signal (called CLK). In this manner, in a
read operation, after the conparator 500 has
sufficient tine to indicate the state of the
associ ated nenory cell 140, the state of the CLK
signal transitions states to cause the flip- flop 504
to store the bit detected by the conparator 500.
Referring to Fig. 13, in some enbodinents of the
madndy &t daRNertif8s e PRUISFETY 52€ Aid BBu€eupblkd tdgathet) dad tha gate

PMOSFET 520 that has its source ternjnal pl ed
tempmi |0tfth¢é’f\é@§ifﬂ/ 5%l cagleddg its SRS ES P %%Pﬁ%ﬁiaﬁemm

t a
the & ]aln tem{l?] % ngs%hi@r&ﬁd né E@n&%ﬁ% ﬂa‘%ffWP'MOSFET 532

€ drain term nal
W%ﬁve’éﬂ the Vob supply yoltage endiibke sokresterrhigalad ﬂrﬂé?MOSFET 528. The

o SRy kB B U g Bl 2. s,

due &hﬁls kiR alfof tHeltesidMCEEHImay Be civeeai ¢ dowdriibe Sisistance
i gnal . e to this arrangenent, during a normal read
thrc&i‘pbiatlon 107 (Fig. 7) when the margin is not being
c h HQur #165h8) Mo ihSlud@S HEidaREmbodinheteyof the
%g@grm{)alxa e) to activate the PMOSFET 520. The
mvehme hmﬁmcu:rrmemhctIhmrrefll loved ta ¢heekiths margia whew the goegnapy gell is in

%%{Wt}}ogf thgge %’5 Mﬁ?ﬁ%ef%% d gzligh%@éf 5 fT d“h@a i egﬁ% PRAISFIES536 that

has i€ dr5i@ Mdrmsmel r:mpiﬁ]!ﬁ ﬂmontrarntmgmadmcmmnimc 562+ &be squyce terminal of the

C ont r%é dt he q%vel ;L e%ni]n-la:f dfc f)g%E? lﬁéb NBheolift@Yerminal of the

W OWer éd for purposes
pM@éthmkim ﬁ&:oulﬂsd @Ithle Vo sdpb@ \&thgc \iFhe 132t iermndisil of fhe

~in the crystalljne s thls
PSRRI sy potsed SObERERE, S5bnal R Sasishr Qv logs for
ex 5&){{5 Gﬁkca&fﬂd@#tn@%#quﬁ; \tﬁekhglfp [hyis, wetleh ﬂ@es__mﬁﬂl#gs@ﬁl is
erm na (0] e rec Ves S| a '
asserad thedoes-giam paThial B BVIOSFET A Spcpiciy s kPR RE Fureesy
pAR Y &RblidkdbP &le PATOSFIET byy. PMOSFET
°°“dE§8& d‘%%r‘?%&cﬁ?n fermnal of the PMOSFET 526 s

colim BOSBET 1536 i goreled i Wsmt THICF Sngementatith o FMRSFET 540. In
duc et Ql} aEé éﬂzﬁxh@ GE@Q@M@S#,%BB@ atd1640 @Me&grea%géucér and the gate

this m
mﬂ‘ reshold hold current source

termfGial e BMOSFET] 90 sswapled b itirpinderinaly, Afresistend4ipt eoupied

cause .t he sour Ceq dr
betwee)] %ﬁ g tegingl 20 Ero %E] ﬁﬁé&gﬁ;‘% rﬁ? %g osAe/tpﬁgﬁf:Eﬁgﬁﬂ’8t19 coupled
betwEMABEFhp 53fly Woiage RMOBHOTrE26mis! oHup IPé@$HETé5dél.l rhergate

oG HERAETERL: 25 8 SUERERTo S0 i LB

respcfi‘ﬁ@toctﬁé‘g | BEEHE 84N Béing Bs3ettdd e adverent i@ raiden ad thefleviehset by the
FET 528 is coupled to its drain term nal resistor

mstsmﬁf@%@ﬂﬁméa“%etv\een the drain terminal of the

PM e @z A" QHAL thd &ﬁeﬁf@ﬂﬁ&?oﬂ&@hﬁnﬂﬁ&évﬁfc% the memory
I\QS—E lggg‘% |gs cou‘g‘%ed bet ween the VDD sup E
dcvmedBtra:genelndc thi corstol praiit49P 9 grTieraist sigals tpRoETichpycles in the

mem[awededgg ég ta%E e rr%ggrc?/cllgéj {\Vﬁé@%@%}gé %té r%se@ 9}6@45@ AHeQontrol

circuit 400 also initiates the read operation 108 compares (d:amond 102) the bits during a margin

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

particular read operation. The control circuit 400 receives signals (via input lines 401) from the
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due to this .arrangenent, the value of the resistance

530 may be chosen to | ower the resistance threshold.

The threshold current source 516 may al so include, in

sonme enbodi nents of the invention, circuitry to raise

the I'T current. level to check the margin when the

menory cell is in 10 the anorphous state. In this

manner, the current source 516 may include. a PMOSFET

536 t hat has its drain termnal coupled to the current

co ni ion | device
me_rwx/'&n%u'é%%g ;bcatx 6 %te?gﬁ ad&g%ﬁi Qrgi; %ﬁlrl]ﬁat%gﬁhngﬁg\'fm’? Ihlé‘;f‘nemory 1
33. EViRHEdnned4he éﬁh&o&ﬁmmn 800 empiiermte obuktherite @pmmg@;neme the

s ot SuB] 2o B SSREL o Br fperon

hSro o BhSingMely debRt 35S TRemEhbgdiclide BY @y also include
tmgﬁgﬁhﬁg?§n§ ex%np le) . tgrlndlcate t he i ncrease

addxneml sircmEy,tSm}E@h@Ir example @ datathaiier #i2 te lqmpRoEpAlK igFethe fata flowing

: mto er to? g-l ! he 1'?%%?@39{!@01:?%:&& dﬁtg?o hMIehs @%4365 via data

eve current conducted :
comﬁﬁkifcﬁﬁmﬂir&ls n0$1 aTle memeytdaike $hedy blyo inhkdeMDSIGEEsS zbgﬁer 408 that
The, PMOSEET 536 i s pou l.ed in. r i :
Cmﬁ’i“i‘"&ﬁ'g%ﬁ&h lthw?rﬁora M}tﬁﬁ%’(‘ja u1nl'i1 ? %IS?S %ﬁ%nagéress l%%ffer 408 shares
the #iBfeSsck 84s0LiBRY Swlﬁfménlilﬁy bpéckikdnd as ﬁ%aﬂitdocﬁzé Ghecaddrespu jphdith some
. together, and the g go term nal. af 4_BH§FET 540 ded to th
extenignescarpiets 1ho{orgs HEHH PP meAopR P Gy Brovided to the
row $OHR LD eI WefbodRe AV fitdH dbeveiRalonReItirghi0 WiTalsol iherements the
source-drain path of a PMOSFET 538 is coupled betwee P .
courttére 4875 2pDIPHigte wOM BlaKFE PEARIUITHIE! XAFP &l HEFY AT afseh ek levels in
PMOSFE gate termnals of the PMOSFETs 534 -
the“mq¥"§§gm§§gwg%giled t oget her. Thus, due this |
ar Rafegmg&mtk to Fig. % mmsamhoézm%@ Céﬂﬂ Iy eptign. dhegonpBRe ystem 30
eyt t he IT | Dy
mey S5 cbierie B Theh 8o/ SRl hh 3\ ¥ Bl 20
pam&amFirgsonfk enansﬂmgentshdﬂmhmnbeahmoeraaumfr systezn A may yaclude a
devi ce, 33,
e A E o S L
systeSHGES 42y Othe Systdin bile40, iremny iy copléde ﬂ&&nemortyluentrcs}hdhub 34 along with

e S EB T RSN b g B Aot

Grapm@ PRHIIARARS pE QA HPATR RdvaliGHTR0ublishid bh gulhB1 51 986y byrigted
rgin 30 check and controls the threshold current

Cmpgmmpoefﬁaﬁ%QF@%ﬂhﬁﬁﬁm?eS|stance threshol d used during
gotnk Qﬁgr zfn? 9?1 af2h gfsét_dcﬂﬂle a Bp1aG @Bl trdMler 84 hetis bodfél to the

recelve via input lines 401) fromthe 20
AGPiRizEryand gsw%esu sigtials Ae ilnee ispiext 45 Thamempiy eeptlienlip 34 is also

coupiﬁjcllﬁ adhuphlé %!Cf ce%\l)ﬂ VAR lﬁﬁh%ogﬁgp%b%gﬁly £ eTheP0 hhlp 53 ma§ provide

ontr Cl rcul decode a bur st
interfictd 1©, PP etaaiplon Paiphegbfematment Im@ercoaptpnt GHED) huseS4sAngrs|espansion

t trol t t f
bus e Rt SpE BARRS BT SvR s L Srssi Bt ool Rrapd
Orr:%tola @7% P48 \bli€ 84 B3:dy bd EsiplBaND & Yietthek lﬁ&rﬁ&' axed/(MHIC3 66, and the

ncl ude
/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

I/O hub 52 may also control operation of 2 CD-ROM drive 58 and control operation of a hard

disk dnive 60.

21



additional circuitry, such as, for exanple, a data
buffer 402 to tenporarily store the data flowing into
and out of the menory device 33 and conmuni cates data
to the nmenory bus 36 via data 10 conmunication |ines
405. The menory device 33 may al so include an address
buffer 408 that communicates with the nenory bus via
conmuni cation |ines 407. The address buffer 408 shares
the addresses associated with nenory operations as

as decodes the. addr sse and to so nt ma
berlBrahe o R B SR by BREhec O Ter b 2 Py mefude 2
merhbrp%ﬁmfolﬁ) 34. R thid hRAnkY OMé ﬁeﬁkomohﬁ@ners@\éeﬁ@ﬂas@ﬂ Gnterface between
um 122 decoders. As not ed above, the contro

the giemery tus 46 enchihg BCT Afrsevien 1 archAGPAd bwsesr Fha gemesy controller 35

om0 BBK B0 B RS B S5 BAE S i gh S,

assogi3ted Rather prartivglado scite braedd aperafipn that sEet celtbahapiniss cladinge mater al
t he,invention, the conmputer system 30 15 may i ncl ude

m & conponents than the nenory controller hub 34 and

t NWHIRARY dvedion hils bin Bizétbied Wik respett t6 @ HeniRA RORAbEIembodiments,
of the inventiagn, the conmpuier system 30 may include a

thospkileskin g ary heapmthe benebt of this diss|gewec¥idlgpgregiate numerous
modffeaﬁ&@ lah {stiatioms tﬁé@ﬂ@:!neﬁ)ls inh@bed &atctﬁé'%p%gde{d% dzémg §é(\ﬁ:} GfSuch

bus 40. The system bus 40, 'in turn is cou

modifsatinng andyariatiphseas felliwitizn thel toIegPiKit ad scgpe A‘i:tbe Iryemticad
Graphics Port (AGP) bus 44. The AGP is described in
detail in the Accelerated Gaphics Port Interface
Speci fication, Revision 1.0, published on July 31,
1996, by Intel Corporation of Santa Cara, California.
The conputer system 30 nmay al so i nclude a display
controller 46 that is coupled to the AGP bus 44 and
generates signals to drive a display 4& The nenory
controller hub 34 is also coupled (via a hub
interface 50) to an input/output (I/0O hub 52. The 110
hub 52 may provide 25 interfaces to, for exanple a
Peri pheral Conponent Interconnect (PCl) bus 54 and an
expansi on bus 62.- The PCl Specification is avail able
from The PCl Special Interest Goup, Portland, O egon
97214. The PCl bus 54 may be coupled to a network
interface card (NIC) 56, and the 1/O controller 64
may receive input froma nouse 66, and the 1/0O
controller 64 may receive input froma nouse 66 and a
keyboard 68, as well as control operation of a floppy
di sk drive 70. The 30 1/0O hub 52 may al so contro
operation of a CD-ROM drive 58 and control operation
of a hard disk drive 60. 21
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In sone enbodi nents of the invention, the nenory
controller hub 34 may include a nenory controller 35.
In this manner, the nenory controller 35 serves as an
interface between the nenory 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 associ ated
CcLAMBth a particular wite or read operation that targets
cells of the phase change material nenory 32. Wile
the invention has been disclosed with respect to a
1. mmamamwn f enbodi nents, those skilled in the
art, havi gt eflta? his disc|osure, wll
aﬁfﬁ"é%?%{llﬁg ﬂlE NgS BI3fSraLNPURY deMi§evar i at i ons
t Fegreath @sll, ddterrrﬁurh@hesméeﬁ falhahe tthe pRERRROE dufitidhtfargin for the
cell: a ver all such 10 nodifications and variations as
P [l within the true spirit and scope of the
i esteblishing a r@iRimuth SWedp fall tirhe fok thetdlie basagH the idegrmination.
setting cells of a phase change naterial nenory
device; 5 for each cell, determning a sweep fall

2.t Tlmarrethmti obcleim tlesheseis tHef establistingresrprize$.or t he

Cnell:lleaﬁ ce? lmmlﬁ'ﬁl}rﬁgwé%ﬂ‘aﬂlgtirﬁeiggg}m {F%g‘ I?'n\é}ﬁurg swefp f%.\‘l]g?ne before

increage inregpanise & tiemumbenpirells nsinga sesemtihe shoveghe mingmusieawveep fall
time. 10 increasing the mninmumsweep -fall tine over the
~ mnimmsweep fall tinme before I ncrease in response
to the nunber of cells using a sweep tine above the
3. MY mémoavae@a;ﬁ\ai | whérkifBth T L :
wherein the cells conpri sg%glésl B&nﬁgegéég?%f(f:k ﬂ)@é%@he memory
devicenenpry 15 device. 4. The nethod of claim 3, wherein

t he each cell of the bl ock is associated with the sane
thr esh nso
4. e met%ogI oi'S glalm 5 wherem %he each cell of the block is associated with the same

threshdld sensor.
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