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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.
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However, as an example, thin-film chalcogenide alloy materials may be particularly suitable.

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.
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que to determine a sweep fall time to be used

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 memory

controller hub 34 via a memory bus 36. The memory bus 36 includes communication Imes for

communicating data te and from the memory 32as well as control and address lines for

20
P ' controlling the storage and retrieval of data to and from the memory 32. A particalar write or
~ read operation may involve concurrently writing data to or reading data from several devices of’
" ‘memory 32. - |
As an example, in some embodiments of the invention, the pfxase cilangc material
25.  memory 32 may include various memory devices (semiconductor memory chips, ot packages, for

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

each memeory cell of a particular memory device may include a phase change material (2 thin-

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

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

30 the memory cell.
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each nmenory cell of a particular nmenory device may include a phasgachan
materi,al (a thin- filmchal cogenide alloy nmaterial, for exanple) 3Qama)9%005
exhi bits crystal line and anorphous phases. These st at es, in turn, are used
~to indicate the nenory states ("1" and "0" states, for exanple) of 30 the
menory cell. 30 May 2005 The nenory cell of a phase change nmenory device

Is not limted to just two nenory states (i. a "1" state and a "0"

state), but instead the Eegao cel | rra have a Iar ge nunber of states.
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signific | as the re ext fr .a out
time T.sub h¥)t8lﬂ blzdtgfﬁa S%W@s?ggﬂge "bq??r?go Eﬁfi ‘aﬁgefﬁ'gglie 'a‘?wsform
a phase @tvéﬁa@é Shawertlileasetloalgeao maﬁeyltscselhbmémtemrtshmthe tarspeahtuierd thet phtase t o

t he anor Sdtatse, or reset the state .ofthe nenory cell to "0." In
contrast, the_set pul se may be used to set the stale of the menory cel |

to "1." Prefefo®$8 Pulspeo '%tetbeweaﬁatﬁjl tp thegtesgi Pyise dfoy Bélshibetis glsoErsasiatethds
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current, ppset Qgrnajo bg ugdtkto transform a phase change material-based memory cell from the
‘crystalline state to the amorphous 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. Fof 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 microeecond 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



reset current is 1.5 tinmes the mninmumrequired to reset a bit V\nébeﬁ,lvm g%ﬁ
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The threshold voltage may be formed, for example, by the product of a threshold

resistance (of a threshold resistor) and a current. This current, in tumn, may have (for example)
20 | the same magnitude as the currentrthalt flows through the memory 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



resi stance (of a threshold resistor) and a current. This current lht Ib
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the nmenory cell for a "0" bit of data. Thus t he product of the resistance
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.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 ef the_memory eeil).rl_:o_rrexamp_le, refern'n_g to FIG. 4, for exhibiting a resistance above a
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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 with 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
~ (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



menory cell with the current data bit that is indicated by the rregbrplceléoos
to refresh the cell's resistance. That is, if an anorphous state

hi gher in resistance than 605 but |less than the resistance 609 of Fig. 4,
then the margin 611 is inadequate and should be refreshed. Simlarly, if a
crystalline state bit is less than 605 but greater than 607 in Fig 4, then
the margin 614 is 15 inadequate and should be refreshed. In this manner, in
this preparation, the nmenory device may adjust (block 103) the appropriate
paranmeters for a wite of a bit of data to the cell- As further described
below, if the refresh is needed just after a b|t gf dat a hai e yW|tten

to the celikaDRiAM, apdmighebedanedpr exgaples alior cugnl hop pERCYR VP HEE mts‘?(g

adj usted to e c“ymﬁltstegb% ];Sfb?%%%bﬁxﬁf TrieWoldtfig bhhe bﬁﬂemﬁﬂdmewﬁpmscﬂfhe 20
refresh oper’ﬁ ion es S shes the appropriate resistance Orgﬁhlﬁf(
exanpl e, lréfrctslkje:reﬂhrluallysn theuspyiers &y thocamhiasis seqentsily W@éﬁﬂﬁ‘&?&' i RYs g

associ at eﬁ-‘e\é\%]é)?_ 11(;11'!2'1'! Dihe 8 {s gﬁt%egl%ad%@%trﬁx):d BkcesdanpiRa@rverthy dhif s a

slightly, earstance expected, the slope of the trailing edge of
the set powdrediip.pul se that is used for the rewite may be increased to

ensure that t resi st ance of £ked BY M B&h¥y devicd ide cel |
i s supposed t(l}egxﬁf aa{"?{eé;f?mlrfgg?cst h%%adt a?yﬁﬁg asesogl at ed Wth a 25 "0"

bit of da}eﬁemapmmmdmevymem F@'mﬂwlswgiﬂﬁttymllmmwh?@@laé?mtw’éxpect ed,
t he magni tude of the. t ; e tbl 280Kt e
to ensur ePTerEt theeehpigpg Fq%gm%!orr crlt?‘% 135 I&BXF Bidad 91 by

eset ter adjustnents (if an¥) are
to thed ﬁib?ﬁiﬂiﬁ'(tﬂdicﬁ: 10Mpsh wehich meudhwoicbrmse@éo dmmmqthe s (0 ror €

tt bl ock to the cel tely,
fﬁl“[ tha e e gt e oy BT BRI b o i O

adequat e, (jlowad n{a@n)qmbﬂmfzaa uted tcpmterunhaahtt $tate obthermaniery ceB. frethis maepibes on

the chip either ual te I Wwikdges) or
cont i nuou&ryhreshpid 'sgfﬁ %ﬁ‘%‘i“%ﬁﬁﬂf g‘??heg sué%‘&r’]ﬂftﬁe %ﬂ%#\%@ﬁgﬁ that - .6 30 May
2005 in @)eQB&Manalﬁuﬁgnwnes thebslmriay b&mm&anmtel ma&td@nnﬂen}muy-“ﬁteﬁ@wgof

power up tinme (instead of_ ever {(j DRAM, Tzhe counti ng
of time CHFEHECHYR E"“B‘H‘sth—@ 3 e?nlsq‘i l(‘):{egé&t & nal Ieyml n the system

(by fshe GerpumtSinterd eosieA ﬁ'ds&ialnyb mangiei shouit hx:snglbo@l sideb pf e gyistmprtiEes

Al ter nately the bits m.ght be [ SR whenever
the chi p lfet 66 Atpapaisly. ﬂg“ngﬁrﬁmag’"géﬁegﬁ@g%mnrﬁ]e}e EJ%%? |dcmte gghm c!]# e 106

that nmay sﬁﬁ:lt&ﬁ&ﬁsl@émﬁﬂi&eﬁmmw&dﬁﬂd (te d¢termine if it is a 1 or 0) and also to the margin
thresholds (to assure the cell reads with alternate margin). This avoids the delay of another read

to determine if an additional write is needed to improve cell margin.
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 dgte:mmed (diamond _109) by th?



refresh a particular nmenory cell. For purposes of determ ning whe a
sufficient margin is present, the technique 106 incl udes perfornéﬁSM%zoos
read operations with the nmenory cell: a first read operation (block 107)
in which a first threshold is used to determne the state d" or "0') of 10
the nenory cell; and a second read operation (block 108) in which a second,
nore restrictive (lower margin) threshold is used to determne the state
of the menory cell. In this manner, the first threshold is the resistance
threshold that is used by the nenory device in normal read operations and
di stingui shes the boundary between the crystalline and anorphous ? at es
during nonsmbry BeAc 9Petorbistentsa suTfivisnt triargis brostelandaipat 98 OFfUaD g ! ‘él
depicted in Fig. 4 as bein r ef IiRdubMSeit

mar gi n shdﬂF&“@%PE?“ﬂﬁ“H%?%ﬁgpﬁééﬁo?n §m§@§?§?§ﬁ@%“$ﬁ§2§ﬁ§?§@ I evel 605_
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: b e .m&%ﬂmeﬁ pasIRpo0l ekl o,

1 or 0) arfbiogl 5®) poie 0 assur e reads wit

al t er nat e ;iR MiockT NS the Yeriling bhe ditkay ;mmoanmvhmoxdemdmnm% WHie e i f
an additional wite is needed to | 1gve ceII }eg “ﬁ% (55@5 ni ng

whet her t Wesirahleginge fisld gpdgrance i MOSH eratron of bl ock

108 in whi ch argespidddsBiRa hiech leehridues soaaﬂdOG iﬁlay be m(l oraivarineefidbifdentey el

defines the boundary of the margjn for the rticul.ar
det ect ed mn@xm@ Feraaaa@p'éfrafem iy Figp (R pom g FRbog g ents of g‘“ ifvehBby, i Bbfory

oper. at iong 10 2 tebiliqdt183, a thdiBicme il whish, mesﬂmsamqomuswslms@ a

hi glre reS|st ce threshold 609 (Fi i S ued | ation in
bl ocROlOBreadine (M@@Hé?)%ﬁ@@ﬁéf’ﬁm?g’ ‘6’89 aéﬁef“ﬁ’gs Ky %Sﬁh%ggﬂlgaﬂﬁgﬁﬁmr gi n
611. 1T the moﬁﬁééu%ﬁﬁﬂehp,ﬁ arbh elsB Ut tereli’s atdisiteti hesistate arckthe fpeshold
crystalline's | ower resistance threshold 607 is used in the.read

oper at i onresistabegtskd fon p@malmeed QPSHEEPIS: hr eshol d 607 defines the boundary of a

| ower margin Géé ‘ﬁé“ﬁ TR SO B thitGheaanaly @evitd erfomngin somh snbpdiments of
est abl i shed by The

econd threshol d may . be about a twe
vari atlonth(eurpfcmondémﬂilei@b‘ﬁ&‘mlﬁg‘hﬁﬁmi"ﬁ@'%ﬁﬁl‘?mﬁ%f 2t q"%t(gg{:%? Phe 30
read per 'bﬂ “%1'%&0%@ r@ﬁégmst(macli lmthetdmh&ﬁhcﬂlldf sufﬁclsmmsmmsne nts
of tlln |n I'f the bits reg“ s%n]gboth read ?J?%ﬁhil 107 and
108 are db&tecﬂmthre@ﬂ(smihlmﬁgfe O SB6% O BRIDT Y “Uevi ce to be
consi sten fficient margin exists and no refresh occurs. Thus, if the

. Sperdtiond! ! .
bits are i'nconsistent in state for the %fferent thre l%_llscgg,co&cggmltmon

that i ndi cat eFig® depisigngther ggghnique 118 that the memory device perto

a write operation to a particular memory cell, n some embodnnents of the invention. In the

| 26 technique 118, the memory device determines (dlamond 119) whether both the memory state of
ry cell is consistent with the bit of data to be wriiten to the mcmory cell and a sufficient

s exhibited resistance and the thresho]d resistance used for noxmal

) _ . the memo

margin exists between the cell’
read operations. If this condition is true, then the memory device does not perform the write

operation to the memory cell, as the correct bit is already stored in the memory cell and sufficient

25 margin exists. Otherwise, the memory device writes (block 120) the new bit to the memory cell
- and refreshes (block 121} the memory cell if needed to ensure a sufficient margin exists bet?veen
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 myennon 1s.



margi n, then the nmenory device perforns a refresh of the nenory cgll
possi bly adjusting (block 110) wite paraneters (as descri bed abgbewf)gy 2005
connecti on with the technique 100) prior to 5 initiating (block I 11) the
rewiting of the bit read in block 107. Avoiding unnecessary wites is
desirabl e since field endurance is nost significantly inproved by reducing
write cycles. The above-described refresh techni ques 100 and 106 may be

used in a,v of different _scenariogs, For exanple, referring to Fig.
6, in so @' gﬁ?"ﬁé’ﬁ?@“"&fj {aﬁ‘es iTRG S1MasHd evf%@3we%r@°ﬂ%9"@%’er?§ ®perform a

t echni quetetiirfiques deswibed ghoyeiimcarinizcion with RIGSBagks-80 the nmenory device d 10
readi ng (bl oc y de r hes
(bl ock 114) t &%’&%ﬂmb%“%’ﬁmf@e%ﬁae?g@‘%éé‘ﬁ?’ahﬂ'tuyt"p%’t@ TR E OB oS0A T
exhi bi t ed"réiase isting)dhel merery davicsi3 raay beeisromalan@é te/firstirebd a bit beferd writingd
oper at i ONg Jf the Bit is Z\lrﬁéi?lnﬁﬂfé d@sﬂr&péiétb %Jse v’bﬁ&nt b@hmitélé‘yclmg?,wpédﬁﬁht%l gorns

in some enbodi.ne t echni t he nmenor
i et ’
dovi oor HARRuSEeReRistey Thie Wi TRBrouE Reld Kby Pacayap ra B ors VARG reiror y
g el |, refoflephasted i tbe kotdl hdnbéius wmmyc}esct@xberleﬁc@ﬁﬁn ﬁylcﬁ:eguéﬁw ©iplog®ah St S g
etweent ISt e thresnho resi sta use
Do mor atftlo 8 Slrte Mol bl diSad iR a3 BOARNEN Gy & B0l B3R frb SaNGRARET oTr
menory ddgayest Fter fqgﬁ*ws apeh C@?fﬁﬁestmamnwﬂtlmprwemllabiétyepee atreazhopepatign has

parti cul gar samEmem &'@xber;énaeéﬁél@reﬁmmﬁbaﬁﬁﬁréd efaméob@aéﬁ&t' on. In the 20
techni que 118, the nenp I anond 119) whet her both the

evj ce determ nes@%}p
menory state UFS "f%eé"tf?gﬁ%‘?@rs ‘E’Jéh? inventiog,fe ideterripe (e gptipwe ‘M”t? cuFeri fy zeseb be
wWitten tte minenunereseycuorehl neaaskaty ol biisan b bsdmrr@y Betodget By kRélweBy t he -
cell"’ . t hr esho si st.ance used fqr nornal
read ope?gicg}etﬁgg d.}?,é h%&&é}ggﬁ.@ﬂ% & Q%I;eeg?(f%% q‘ﬁ GWEWP? (H'gv'l%ce does not
per f or m eempied fos a regséerast ahallths in¢reased m)ﬂﬂjs lel.| Prefambiyh thegesat eurertivil! sitagt
al r eady §’Etﬁfs¢ﬂmhﬂnﬂ@€el Hﬁ‘d*%k{etﬂ&lkrlforq@f#\ %‘Fefsbﬂh@gft tﬁ\%cumfng i B fhcibaded in

Ot her wi se, L nory . .device W ites, e new t to the nemory
cell an¥M@ ‘I”P'@E'ﬁ ‘%‘B‘I"&%R’t '§?§§Sf?‘ﬂ%'1'¥r’€ﬁ¥ﬁ’vm‘f@qeqﬁlﬁte AeEdRd to ensure a
suf fi ci ent malnGomeaxibstimehRtoftiR Invdriien, mbéhnﬁquewbo Bzt RlidhREdSA FIE. Q4arﬂQy t he

bar 1 cul 25 USR5 bERfTos B8 oy 81 A8 e a8 or S8l o el acmtionday BB e
enbodi netern "eckf r@ers fo/iba sinaligst Sendios PEibie emasy devidelthat shiresachreshald yerdoni ce
33 is degi cﬁhﬁgraftd?rfor Sy Hﬂ?ﬁesteeﬁmtﬂﬁssfgf()' 1191% 3’?09){]”3?\9 Q%S&E@f%af%?@%jrt%e

enbodi nent s nvention under s er an ent

struct ur Fthjn 156 HRt 45 8 roqetarEVSg orentiesel iR F6sshopsation For cach iniial

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



8 30 May 2005 defined by the appended clains. The nmenory device
performone or nore of the techni ques descri bed above in connectiia Wgy]2005
FIGS. 3 and 5-8. As a further inprovenent to experienced reliability in
actual field operation (though not in worst case testing), the nmenory
device 33 may be progranmed to first read a bit before witing it. If the
bit is already in the desired state to be witten, the wite cycle is

ski pped (but only if the margin is still adequate). This will inprove
field reliability because reliability for a given bit is often related to
the total nunber of wite cycles it experjences. For. fi SSHES L B thid

pr ogr am asufficient toreset 8 patisulaigel] @%Wﬂ?’ﬁ@hgﬁ%}éﬁ@m%mﬁéﬂ%‘ t%r%éﬁed by a
pre-read before weite. itl%Qg% b RGrbhta bised iGRER Se calld iefa pasidiangjodathesesmidy ni ng
mar gi n wi P20 fprove reri abi ity since a read glpe.rati on has fan.Jpsseffect
on experi daded3mayltinbesd adsicisionp! WA IQBCTERC PG PIYBUG B at 1 on. | n sone
enbodi nents o he |nv  QRa O ddel 8 hdidiendnl @10 Rt liemern vighificant ommiemm ot f or
reset, tf enf“ﬁlTrﬁmroggge%ﬁcg}?rea%t nec_eé;asary to wite hi tfeivg =] @g&(mréay be
| ogged. by céiehave been deset upeg & evrrentjdat ighisher $hag dhemininyn ISP ¥ eSeded
thereafter the m.nifum.r Rl minRiEiRiefle el foraesebstations mdistostsal | be
i ncreasede'6'°’iYﬁg§’°‘T%‘fS%grSL°f%?gagl y, the reset current wi| %{'}s BLbioftnaNi S
m ni mum | gyweh 2 predefined preaiiad inyhefrosmary Joving 3Bo Freemplen RIS He O ElrT ent’ wil |
be increased in_ . soall incr. i Ecult 00 B L. 9) of BRtenloagdaride33. written
with adquFa“t@Wrﬁﬁlﬁfrr?yj)ﬁai‘fc%%rgrg%gtﬁ%g%nent s of tjf{I%eg')i nventi on, &%tgﬁi{gﬁi que 700
thabsi s depi ctggreferredtdqueribd maghy to Hygfoms 2 WTiteg e L eRFH NG FRE LI P! | evel to
be used for resetting.cells of . | Gl AleqbhObkrein! Nenot] B Ball'ibveiakd arr ef er s
to t He sn’&?q'é'é‘f’s‘érég’t"‘?%‘ﬁr?ff:ts(fpﬁrem%’e%%é%evj cé that shares a threshald sensor
(a corrparﬁatlglx,,an&‘fh’eneehanmﬂeénniﬁerifadveuatiﬁe@ﬁmnqll@h%@% nqt g 4FAREE PR TEE 33
resets (block 702) th xt ,cel.l | N6 1AL RS HESING adefds@if edserswieerdeh
current I'é?/é‘ln‘fB’F‘)“%Bé?}'%ggtmagﬁé?’é’te;mgrg For each initial tte}rar]gt {Oo Jeset a
parti cul apcrefldg caneht entilabé bisis vaittenwith pdeabite meeFly Fhg YFe < 15 PRES eset
current level is set to. a m.ninmu dotl BierSahtighe AtREgHAL suredf ust ed

f or subséﬁl}éﬁ?me”é‘f‘géﬁ?ﬂ“éfrf%rstﬂ%}gg’(%ﬁk'mkrbg{aovg As descri bed bz]rgﬁg/ t he

M Ni {3IM T Ga@ke ALLE BBfentiwY hivberadjus tedowest srertingruTeapls RS B HIEEL ar e
witten. After_resetting (Dblock 2 vdiGit pinst Lhanbd@eliryan ¥ spkeial mev 33
det er mi n&“%i%ﬁg’m%c%%?ﬁréggﬁ%%‘gﬁs a Sutfici %nt margi.n after the
reset Opekadsiedby thefmdiry devies 3Bemomyt kyale user @er than for test purposts).

Similar to the setting of the reset current, a technique 780 that is depicted in Fig. 15 may

be used to establish a minimum fall sweep time for a write set operation. In the technique 780,

the memory device 33 sets (block 782) the next cell in 2 block using a predetermined swecp fall

20
) time. For each initial attempt to set a particular cell and establish an acceptable margin for the
.ccll the sweep fall time is setto a minimumn 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 ime 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



I ncreases (block 706) the current level and returns to block 702. ‘
O herwi se, the nenory device 33 increnents (block 710) an approp:r':"palv[;ay 2005
counter to log the current reset current |evel and then determ nes

(di anond 712) whet her another cell in the block needs to be reset. In this
manner, the nmenory device 33 may include counters 409 (see FIG 9), each
of which is associated with a particular reset current range. By

i ncrementing the appropriate counter, the current that is 9 30 May 2005
sufficient to reset a particular cell and ensure the cell has an
appropriate margin is logged. In this panner, b ani ni : f
currents Usibdmesgreates dhan thvaniaanya sYEEP L1 ARE- Iréﬁ?’él}/enb %%ﬁx?m?%g%ﬁi?o@%%evi ce
33 may th IS In th®mkMefyeR6Asiblady tervionrhded .
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| e
accessi bl GEHSF S5 TSR circurt 400 (Fig. 9) of the nemory devigce 33. A
eBITAT M U

pr ef er r ed chequFaeaenthyn hinitomp Sidigrkn the Gt prespreouer 954t current X,
and then 10 read to be sure. t S 6l whBE R ktQsvel B acidaednbtBy amdequat e
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witten at (1.2)X read agaj -eutBR &6 atiBPin £5iflry BEEREEEadh adg es of

r eset!Oswe s pﬁﬁ%"“"?”?‘}c'ﬁgg‘?g’ﬁ{éﬁgﬁﬁr}%ﬁt unt?sﬁ_ the bi\teér{s Witten .wi tg aogiequate
mar gi n. TBereniseteesively les ttaartesptomtibaepemnt ip {ound drabsrbibe FSHRed (PE /¥ 6r
that current. VWenp enoygh hits_-ar b $a al cAmbtr 829 be GidfenrRAfed tda (radkli ng
all the cH‘r‘P"eﬁiﬁsg"J;‘P“?rﬁ %@?B’\?é‘%ﬁf?ut gklfgkgmlg’stcstartiggecur,re i

nt .1.s
i NCr ement gekifght daHing @rrenvmdyes. defirddor thtdiask of ehHP.PaTIaBESIETRE B8 1!t he

non-vol ati |l e phase chan nenor, o j 1@ds of £iag 1 fbe nenor
devi ce 33"‘5?‘?6?%6?0 B?cef‘h‘gteth%@?na%ﬁ#g&t egﬁﬁiflg%t ?lgégf’ %ﬁ_?g%segé‘]?%i m | ar toy
i

the $6tti fhegreOfrhishhhigseis mosr prefatableavber wiving maltpioieyshnint e cted in Fig.

15 may be used to establish 4.0 iR sémhedbyBlodkgtiret
oper at i on- InI’t‘ﬁ‘ﬁmc%tFPﬁf’ﬂ??zs e?&’péfwg{eﬁ%aﬁo%q%e%/h?@ 33 setygld{%cg.%ck 782)

the next gelikstiseetion b mekonyshmgharespriesholdsensese naupinr feset epgent gdpunish oy

initial attenpt set a.particul L ekl Badefl | 118d eidianiis Gepingtrag:dmar gi n
for the '@%‘ISH&C‘{S lys"%%spalﬁbé Imﬁllgﬁagg)f‘gﬁiset to a mnimmiinme and thereafter

upver d y adideakRGmoast, pesesbiypedut 20% for subsequent writes in that block. Stmalar
30  minimum set sweep slope is then found using? this chosen value of reset current that will 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 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



bel ow. As described below, the mninmumtine may be adjusted after IMeI
of the block are witten. 25 Next in the technique 780, the mem)$© Y 05
33 determ nes (block 784) whether the margin is sufficient. If not, the
sweep fall tinme is increased (block 786), and control returns to block
782. Otherw se, the nenory device 33 increnents (block 790) an appropriate
counter 409 (Fig. 9) to log the sweep fall time. 1f the nenory device 33
determ nes (dianmond 792) that nore bits are in the block to process, then
control returns to block 782. O herw se, the nenory device 30 33 determ nes
(di amond 794) whether a significant nunber of bits have bee i usi ng
sweep 10 30 NByun2QQ&n ffoat Figt9, mesh ngpmeay esil Hﬁasrﬁsf‘f?@t‘?ﬁa‘ﬁ’?'}ﬁ S%‘i%ﬁﬁﬁ a|| time-
If so, then the nenory devi ge 33 adi wWHeQ8K 2h8 B dehretionetpef al | time
and st or &ige HMFW'E%“P@%WQB%’ eaéjsmlqigplg}%y the control devi ce%éw. Thus, a
parti cul gL, §6ka R $305nd rbve 152ilires tlects the erHRkAP daret wigle OF BT OPEUEY a nore
specific exanple; if a wite is unsuc M esodidiB &RimS URE B0 Al Inay be
increase@hitﬁlmeb%ﬂmo"”"“t%loénﬁysego‘@?@aggess?uI, the set current is
i ncr gased_ by, %ﬁ—?{ﬁ%haqﬂﬁt tsheiectively axidded p2 (et femblyia P NPT Rt d W RC™ FRES'Y| gher set
- ol egs . .
sweep ti ne. noted above, a counter iéggoéiae(%fbgjﬁ[gaﬁtz_edh&;@ﬁd}‘whmh the
successf @BIT) wher ewe isi IppRadhdon XPRRIR) 9 Ao imlarly, the set .sweep
count er §9rgcdlz§' \;\% IBIN40Gk defecteldts assoviaad calfims dine $3bis grivemieh @dificr eased.
For chipsin, Ichi the set level is.achiey Uit ke té NGW ErcEM thal |
time, butsstjated foavdinefl3R )s "E"i"ﬁ%“’&’nﬂc‘ﬂ’é{tﬁa%?ﬁag% sgcurrer??1 Ieevel_ Si gﬁit{ni cantly
| ess than, L Be R 1@ Sl iRERkerd @ uratireofthigmistcadprlof thetasteblighes ¥pFTs
varised i inary or |inear_ searc i.n SHEGRPm Rty res@ss than
| rgoet thetstlbctad roemorzatl! I@Ifhﬂ%’e?‘ﬂé%ﬁ?% ﬁ%%?@g%s?t ancg in read node in
t he desi rﬁge)range. Once the desired current is found, a counter may be

i ncremenP&f’so a nore intelligent starti Lederned for that
bl ock or chi |dprmmmapsadﬁfca?%‘?ﬁ‘gf(Fﬂ@gf‘ﬁ?‘ﬁ’ar\?aﬁ%({rmeng%’m?g% percer&%ﬁﬁof t he

most frequent syc 1 STk @i madiee) thardwdengyler bide in EIRGRTANS TNy €.
Thi s tec%?cg‘u°ge’ﬁ§v8§§§.iwt°y e%abl e when q\jvr gﬁeﬂg(&#ﬂ%{ﬁlaﬁdi’@)’ﬁh&ﬁwm t he
cel | . | nadipesesigmibs silentinely dovesTo STIER S8T sbd?, at the'factory, the grg#g i s
scanned by bl ock (1 he. siakiLsis smesbhsle, aofertain wombineha ofshipddeesss shol d
senddr) . “FHE "M hi mum reset current is found. that suceessiishloymetidess al |
bits in idagcase thy ron Gdvoderddhin sl ioh! “¥AY s"Current 1s then increased an
adequat e Gty caRLSEEFAP o 0214 to 3086t boe ofthibsjings i 3wanetber CROMRER™ B ock.

Lo . sign .
Simiard Z,a adz—fss signals may cause the row decoder 124 to select four of the row lines 132, etc. When

the row decoder 174.drives the row line(s) 132 low, this enables 2 read or write cycle to occur to

20 ‘one or mote memory cells 140, depending on the selections by the column decoder 122.
P 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

orresponding column
e ) on of the

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

. col
® o 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 05€5 |
i 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 a traili

12
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20 m ni rum set sweep slope is then found using this chosen val ue Qf set
current that will set all bits in the block. Then, this sl ope isgfh&£%H§HQO5
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 sone enbodinents of the invention. 25 The nenory
device 33 includes nenory cells 140 that are addressed via columm |ines

130 and row lines 132, as can be appreciated by those skilled in the art.

Each nenory cell 140 includes a_phase change ial 2581 Shakfed S
cont r ol | edelpstediparticatapmematy/csii(s)c %é“%“sfvg%ﬂ%%ﬂ-asgggg Sg ef:léblt of dat a.

Al t hough ?dnz%gﬂ h%hqgﬁex;]% 1e9furtrpe RIS Ly i€ Ieoludbh desodste P Zcitipdrts atFlieg 9, it
I s understoo 0'that this array .size. i s used t.qQ sinpl.i fmyséd}]gepop&%edi ng
di scussi ordgeTimibs set prbsengsisparibad {irber below, fhalis Ef\(l/i%abjy %’Fg‘% Ik]l cant !y {ar ger or
smal | er a%§i¥§gécgg@n§£y E&lvkSeld en thé sRBLURPE sANTs ddassacd (Bdvenden, for om Fi g.

9, each nenor 40 Ts associated with a articul% c.ol unm I&rée 130

(al soscal keaple)diiing 4 Wiike' rysebmyalecthp splepn deegder/! 46,dpqs Aat apd shis failmg Rees
activation af. the b @l U ho 330 e 2 hrfeRtWwild2 thitingedgralae it s t he cel |
140 for af ql“?%lngrmr%gbgg@o eér?éaij{%. Ir%' this manner, the nenory cell 140 may
be coupl egrefepablyt IsssalemdOma¢ced col utm |ine 130 and nmay be 5 coupl ed through
what is effectjy 49008 1420 (PEoRko BN 2 WANR the 80 bevesit polsé émds. In
transistor (1 f%%ﬁcelggﬁg?z%&l%g i rcr’p_ortan_t ,cfor exanpl egh to its %SIZ:OCi at ed
row. i ne fdmenfbreiatpose tothe QUENGHE signal BEiag asserad (gn v vely 55 exaoRligh B o,
itsassoci gted, colu |i ekt Sestided, bi gbhveRely) ih Sespiss @Cha QUENCW | i ne
132 1% dr?ﬂ?’é‘ﬁ”?%ﬂi&ﬂ con iﬁleijcon t[ESast dgalﬁlgsgs 2 curr ent ?oul se to flow through
the menDgiynatiditg dodQertdd; thesolning daegat R23alownthe t yegrt opFet PHFES Wur r ent

pul se that- establishes et %ﬁcﬁg : Gl B sAE FdnM teBdidpeledi@blisied®y NQ
read, set"‘(’k}"i"‘é{-g’5 °ﬁ?qt?ge'\é\@fus%§%ge or ?%%he?}vi aawite rese pul se). In
response oSBUBIEPE sgnghdirmg @owite sy cynds; oneg it hygmsseA dhosptiyal SEHPPFow decoder
124 selects one, two Of fOUke.r ] B#ed th ResbfY ipyanner, the row
decoder 1Walwn?%%ﬂts(éb?ugy§ﬁé’gggecglgﬁggéshs z{;gngl s, s)el ectiv&é‘g drjves row
sel epd si gnal Ihé eddrésssighils thxl are peReiugdby)i3y rop ﬁB‘?%‘éP’E&ﬂﬂig‘:cﬂ BPY Rore of
the row | ines 132 v oPaRiea R Fscidlt HEHeRbE EATRI0N2L Alexahple bpatdeer @ss

ed m a varicty

oo n'al ) possible embodiment, Fig. 10 depicts a truth table 110 that illustrates the selection of the row
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~ WwB1 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



may cause the row decoder 124 to select two of the row |ines, anoéEFN!
conbi nation of the address signals may cause the row decoder 124 é%Q05
one of the row |lines 132, another conbination of the address signals my
cause the row decoder 124 to select four of the row lines 132, etc. Wen

the row decoder 124-drives the row line(s) 132 low, this enables a read or
wite cycle to occur to 120 one or nore nenory cells 140, depending on the
sel ections by the colum decoder 122. The col um decoder 122, in response

to its received address sel ection signals (called A2, A3, VB3 and WB2)

drives columm se S|gn | s and t.rone
or more col um™HK 4‘ A '§T T?JCF" Yoy lﬁ“r‘?als?'bngr?ﬁ%p '%%"e cmu i lsgﬁ% %glvg%? i ﬁxg%f& of
signal s ‘i s dri 3%ty 8B readinBenltiag E8a Eomching gr modeutam; 140rEitd SBodiatsd trdeann hne 130
selected. Sim]ar to the _row decoder dec

sel ect one, tw FEPOTFH IR LAt iF P‘iﬁ’é’é‘e‘ié’ba de?ﬁ‘fef’sc“c?‘h gédJ gﬁ%g i oﬁl?l?ﬁ’l }%ﬁe dRede

col um 1 ne('s)ciR¥yit | §FreCeey MR cdmc&aaregszsfgnamz; & WBWahd Wa3sgnd FdRishes d:eheder ow

decoder 124 addresses sel ected

a bl ock of?t heﬂ%ﬁﬁ?qﬂlé@q‘@) DE&(Y 1, pgp Bgigi'ﬁg?at argm%f) |a?thv6§eﬁﬁ%&e[co Gircunts

profiles Curreﬁbi 136@&5@&%%&%&5&:&% Wm{a&gble;mem&u&ﬁ:emaedammﬁyn
cel I's 140, the col um decoder 122 receives si gnal s callg%@ENCH and SET

SLOPE. The SETesEPEPM e gﬁﬁafpo’égf‘hﬁpﬁgﬁgs“‘%a‘tbﬁé}ﬁ Jerrfesrey for set

pul se(s) that set gl2 3Q Vsaim%&%méﬁiveﬁtoﬂdh@we&uﬁ:a:samﬂsowcmld:ﬁm)ymdm
this manner, when the SET SLOPE signal is asserted gprlven hlglt};i0 lud
exalr}pl e) duri ikpstiated infFég. d & fordhednve cirppit 8- inpaniselsn die diys ceh §m‘é’mcu ca

traling;gedge. éﬂ&nfeltﬁ.ﬁe@%&&eﬁ&ona&t&eﬁraradaaohaf.ﬂg:bh@nwmw1sa bt hasdts source

preferably greater an 500 nsec for the trailing edge fal o
Conver sel y whémmingkcoupied o 20pEitiye yoltage supplydcalied ¥pplagd ity fiﬁ"%‘ﬁmlﬂa%m?ﬂi’ kp the

exanpl ) -dur | glud Widdafof SAROSFERLSs. TRAIER uRaASURIMOSFET I8 n hoi, iadd
this trailing edge, resulting in a reset bltlb% gglckly tern1nat|ng t he
reset current prleﬂttathtipdmﬂigeWt'ﬁ%"q‘%ﬂi‘ﬁf g faYR G de0-t han 10 nsec.

The QUENCH si gnal 13 456yt SORL POSFRE 15k FReiods tidispon@ing Gkcode sigRaet

pul se ends. In this manner I n response to the QUENCH signal beihg

asserted1fdri (RECYN, @ECYHODEQS@MS Y3) fram thedesefle FRvib Gy anl‘??n%!ﬁd@ T fige
current reset Loir §,I %ﬂé@frﬁﬁﬁlﬁf:ﬂe@ﬂmﬁﬁ thiveld e PESKNLigAEN W hen

Bﬁ: 2 gsﬁf El-fs > thzs s:gnal is asserted {dnv?:ﬁ (l:x?g(ljl,e i[or g-xzaxznp?el) lth%ﬁur&:?—c?ra&u;{a{he&t the SM%SFEJ’I‘ l%ﬁt
' conducts a current that, in a write cycle, is established by the PMOSFET 158. In this manner, the
' gate terminal of the PMOSFET 158 receives a current sense signal (called S2) that establishes the
| 70 cument through the source-drain path of the PMOSFET 154, the source-drain path of the
) °  PMOSFET 158 and the current that flows into the associated column 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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occurring) to continue. Thus, the QUENCH signal may be used to eng t@ﬁ
sl ope established by the SET SLOPE signal during a wite set cyc Q 2Q05
has passed the critical set slope crystallization current (about 30% of

the current required to reset a bit). 15 The address signals that are
received by the row 124 and colum 122 decoders may be wused in a variety

of different ways to select the nenory cells 140. As an exanple of at | east
one possible enbodinment, ‘Fig. 10 depicts a truth table 110 that

illustrates the selection of the row select signals X0, XI X2 and X3 in

response to various states for the address decqde 4 \BO and
WB1. As shown, Fovherd optrhtians, Ihméfﬂafd‘éfﬁé‘éﬁ%lpﬂh‘ﬁ’%Pmﬁ%gﬁ ou,tet{ll e cat ed by
the 20 "L" sta then ,th Of)6hi %@rmy@&@ﬁmﬁh@fmosmaﬂééﬁect
si gnal tocgﬁ?"éé&%ﬁéo‘“a&egrc? glg{ﬁlongq% i

row |ine 132. O her,. ;ﬁgﬁéﬁé
| i nes 1321,;1@)5],19@1031@& draih @aimbgl mﬁ‘ah@PmSFE'ﬁé%fmd wﬁérameamﬁ

A and a1 136 iRams 1% el i 1o b pEerfE RSO Y e L z

VBO and signal s . ‘g %
| ow. Rows témﬁﬁﬁ:f@’mSFﬂIhééwcahrhstabthmcd’éfﬁlsdt he@rﬁdvﬁalﬁ'r éﬁ%‘ Bl8f Bt e when

t he WBO signal is driyen h r@é,,al@agdsymmd mf As
shown, foF'%ﬂé@‘é“’%‘f“&’c °defw?d§%gﬁt£%§g&%§¥mﬂ§%el ect ed, JVand the two
parti Cul AfugdanLbi Mb0s tirhih th Bsebitecobirdisd A dumeTedapsaiopas é°‘KFe'

signal. When both t l. Si [ | Mmesret 1sef the
I‘O\?V | i nesdrpisof, M%@ﬁﬂ\/&g‘s %%mge\?m&%‘g@%tﬁm@ld%ﬁgwuy&?at hcgmtierlzt h table 1 10.

conmbidiad idhien KRk)130e used to select the rows 132. Fig. 11 depicts one

out ejof many possi bl e enmhodi nent s_f.or fecs k@ drainl-ddurcd Gatthhi s
manné®, in sorfckimHREht ‘B?ya?‘??em?lﬂé/eentlon the coigglrr?sn decoder 1%3

i ncl udes gg'ub%gbe@hémk&dﬁﬁdodﬁmvmmmmmgmm@eg&s@ﬂsmﬂﬁefé @nd 150d, as

exanpl es), each of _which is ass ddagvéei hibe rent
col umm | | NMOSIET 147 psrives A fesst 5‘31?"\? CI Feui ?%Q%gﬁs%tdgd f or %;nrqposes

of sel ect i,ng phshdr @ it beériontto ﬂgcidsgan&ngmmmd\éu@o thepgapaciiengesof thero ts
associ at ed colunn line 130 in response to a signal that is provided by a
decode ci kmedi3p- 180 I\/bre particularly, the decode circuit 180 receives the
col ufg addr essy xddpie 683 detBRd actamBSdiagrai fonths drivesirguit 522 15 sj gnal s

cal | ed DECYO, DEC DECY2 nd DECY: Algesibfieindecode
Ci rcui t s depispd in igol), the gther "(f %E‘BSSISBE'S ec glg?(?ga}f?a&%hg;arrp ,g{,g the drive

circuit 1303 ehBodmbiy 8t B&linventiohe Syiten designe atetpess&é«s@rmedwvsﬁrﬁqﬁw@eev@eél gnal

by the decode circuit 180,
embodiments of the invention.

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

2{5 decoder 122 includes the followmg circuitry. This c1rcu1try includes a PMOSFET 186 that has
P  its gate terminal coupled to ground. The source terminal of the PMOSFET 186 is i:oupled toa
positive supply voltage (called Vpp), and the dramn terminal of the PMOSFET 186 is 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
25 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 asseﬂed the NMOSFET 194
conducts, as determined by the resistance of the resister 188, a current that flows through the
30 PMOSFETs 184 and 186. This current, in turn establishes the level of the .S2 signal th_a_t,i in turn,

“establishes the current that flows through the selected column lines 130.
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I n sone enbodi nents of the invention, the drive circuit 150 may hgwes4.he
circuitry that is illustrated in Fig. 11 for the drive circui%/ 13§aMﬁ5f.2005
particular, the drive circuit 150 may include a 10 P-channel

met al - oxi de- sem conductor field-effect-transistor (PMOSFET) 154 that has

Its source termnal coupled to a positive voltage supply (called Voo) and

Its drain termnal coupled to the source term nal of a PMOSFET 158. The
drain termnal of the PMOSFET 158, in turn, is coupled to the colum Iline
130 that is associated with the drive circuit 150. The gate term nal of the

PMOSFET 154 receives the corresponding decode sigpal. 15 Y| ,
DECY2 or DECY3JTh¢ registon 1$8 aaééﬁd‘é\d@ﬁ%ﬁg% GppIt Pg € Bf‘é%éoela;E%? @?5 %X&dri ve
ciroui t 1808 d fhoBifis bPAENRLIG] e de1RNARRES 133 holReitvasutig ROt

si gnal . Wien “this signal 1s asserted (driven hi g:t;h for eﬁ"%)eld%& thel :
sour.ce- dr Zi0pa, p8Aband 20Gch dheKiffermves bstvock s alet Grcyte 40 s esiabished By fheyalls ¢« o
cycle, is establis i Adteldlhf oFBRNMVIOSFBE 194 alnahis

term nal 6’$§'tekr1%msh§l%g%§$xd1§%§l ecel \?g;sg_déégeugf#ent sense signal h all ed S2)
that st ahansdrotbe slope cRtuit2A0baercivenn saephcallsg Voo adiBe SiPRT HrYU 2 8%‘F°%‘¥Fé a
PMOSFET 154 tgggeggﬁprce-drai n path of the PMOSFET 158 and the current that

flows int ngPﬂ sociated colum line 130. Thus, the source-_ drain paths of
the PMOSFETs 1@&cmerdy disSnamary sel 1491is tp beduiee erselgaeherumip fipe { e MSm 1 i ne

130 dur) gyt b S e GPSLAL e B35S LRP oS! @ iepEdTGX dFoigh nuber

of menory "Cet ARG BOSerect e 25 particular ‘col um |ine 130,
the )col UNBolGtas HAET301 Bawarkr i€ tveo mbreonyagisi 140 des to be writensper selgried colgnn kingar  each
activated_ drive circuif 1 RE OV LT Qx hrfSle 0 T2fde M6 theol um
linel430 ! %"P\%bﬂ}?m%é@ésf%’mﬁ%%ﬁ%}r}@e {é%lthg%{'g&orl t}jhrr%ﬁle)?ﬁe 130 are being
Witten tfhad ol downiaorhenost mehaty ool d40nsr eoltma limg 135 Writiea treh o
being witten. Fuyrthernpre,..in r ' eh&Gtdeiitith, thetithe WEITOI'Y -
cells 140%5&"“&8‘?‘6‘%%‘1@8' E%%“Tﬁ’g&gg\aﬁr%%@ﬂ%ggl er 122 adj usts theesg

magni t udewof ardhie4 Sgnstd gasil asertdd{dtivambigh, uerample) toscagpprddaipnaleuirel REPECt ed

colum line 130 than en ,one ; I | 261 sdne@iigem | i ne
130 are b@%éh%ﬁ%]?céﬂc%@]eﬁ/éé&zﬁggﬁ Eor&)réga r%)szsé?g? ?%%se% the drive
circidt 15RuitymoheheahaippEaic Malibstotimplemantahe iecessarn Hinetn Waghting 61 thee
associated col um |ine 130 .lD.¢his manner, the source term nal of PMOSFET
156 is cOUFHAPOPSIERESHFIRHS £€rninal of the PMOSFET 154. and the drain
terninal of t IFer RAMISESE 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
20 - terminal of the NMOSFET 190 is coupled to ground. The drain terﬁtinai of the NMOSFET 190
d s coupled to one terminal of the capacitor 192, and the other terminal of the capacitor 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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156 is coupled to the colum line 130 that is associated wth the BrMS .
circuit 150 The gate 5 term nal of PMOSFET 156 receives a cur ren8Us !2005
called St. to this manner, simlar to the S2 signal, the colum decoder

122 adjusts the magnitude of the Si signal to adjust the |evel of current
that flows through the associated colum Be 130 during a read operation, as
the source- drain of the PMOSFET 156 is coupled in series wth the

drai n-source path of the PMOSFET 154 and the colum line 130. 10 Each

drive circuit 150 may al so include an NMOSFET 157 that has its drain-source
path coupled between the associated colum |ine 130 andd?r “{‘e\%g‘ﬂfx?dé%te ‘
termnal of theToEWeBREle $55ignabiassiphlishihe wadgurenlyfhs colppidPeyeiee iy iy

signal that,,] I i ' SPR RiaRfahelts gaté eadinelper at i on
to di schar tgghésn%fs{;%{]s gp;esg{séﬁlgrgﬁ%“?ﬁgt%ﬂe}%ggﬁt ance of #Be g?urm Ii.nel ]ISO'

15 Al t houghoaedan grophd Bfe dzsinlerainkled et MABEE T 23 ia 6018 ft%ﬁ‘etsﬂ'é“’?ﬁﬁw are
circuit 150a,i iL,cted j i Q.- . SHETVB 2 Gid coupled toldm@b, 150c
and 150d nﬁ%vﬁ(g%ﬁ?{%% ﬁ'g?gaégasr{éﬁﬁag?%ﬁm%gﬁg}%zﬁfb%di ments of gt)he i nvention.

Ot her gesi gl & Jpessirtibé afdiumishahel$] signati Fhasther Empinal of e gastor '&%Bdi ment s

of the inventian. Ta gener.at.e. ' 0J14t NA 1% oSO Rhinal F IRONBRIOSFET
enbodi nent ?Wke%tl%«@e%fﬁbtﬁ??%ﬁ,d%ﬂe coi un1134‘22l(%l decoder 12_23i ncl ud?s é{]ﬁ
fol | owi Ng @34 i dbipled-to Hotusd. Cilreatettermiriahef thel NMQSHEEaE rereiyta 1z (RU R ¢ s
gate termnal. coupled.to. ground. The. (1) fdn. ties VIR Ekad 86 1S
coupl ed to“’é“sﬁ’ffg'i? i€ ‘""E&%&'r t}]’r% éegéé%ﬁeég%\r/%‘b@%né‘the drai n, term nal
of the PMIGETiohRRe iead irtiplf@rthcl GomithePMOSFEEs 236ramil 23 fogps @PNOSEEFIYBA. The
gate) and drain term r}al S, ' Of tﬁgﬂes ET 184 are coupled together to

furni & ¢ hierdoweEntin spiectef LOUE MY 21 s are al so coupl ed to one terminal of
a 25 resistor 188 bil e el lind Eatxﬁsrcahplc;ftotassecimeé'regtln?ﬂl!EBBHF&“%%WI‘%EFCFO t he
drain term nal of an N annel FET. NM?% thabn PR%oluln® Imeurse

t er mi nal CWBFE’GmPE’d@Y'B%u%@%?ﬁg%gB@G lge'rm ngﬁg%f}é?%g NI\/DHSFE'[of94 recei ves

a signal c@iringd rddd opdrbtith, Rieerinigpto Fig. 32,40 samrgremimdimentgiod therinesnpign.dhegad | s
asserted, the NMOSFET. 1 conduct s, r g idnCadriiastee of the
resi ster 1@&%%@%%%%"%" °réﬁgg’ﬂ§ﬁg§’ﬁ’g§eg‘89§%ﬁ%ﬁ nisﬁand 186. '
Thi's gUr r Rtistarc ekhibited Sl @il dssloiatd ntendrpos 148 fwithiagessive thaeshpldthads i n turn,

o5 bl shes i sty § frsncid Slrent Di5e'sh QM velillr SR! Gfit fh-AOLARRinpun1eS 130,

terminal of the comparator 500 is be coupled to the column line 130, and the inverting input
- terminal of the comparator 500 is coupled to a current communication line 502 that conducts a
‘ current {called I) 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 BJT 510 effectively forms a diode between the resistor 508 and
ground. |
| 25 Thus, due to the above-described arrangement, the non-inverting input terminal of the
-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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30 May 2005 The.resistor 188 and the NMOSFET 194 are part of a pyls
circuit 200. In this manner, in sone enbodi nents of the inventiongb[m?y 2005
col um decoder 122 includes three such pulse circuits 200a, 200b and 200c.
The differences between the pulse circuits 200 are established by the val ue
of the resistance 188 and the signal received at the gate termnal of the
NMOSFET 194. In this'5 manner, the slope circuit 200b receives a signal
called W2, and the slope circuit 200c receives a signal called W. Wen

only one nmenory cell 140 is to be witten per selected colum |ine 130,

only the ‘WI signal is asserted, and as a result, th H8chtd Gl 200C

i s used tmdsd resibtenceof ﬂiemSIStqiiﬁﬁﬁ)gﬁ‘ht‘h‘ém‘étﬁP‘i?r?zmlemgcfgé%jhg@vgver,B Ithf t Wo
menmory cell.s 140 are £ it R aPRhat SEhBGIcedb et tRivtahcawxhit@led BPthet hen

both the Whaﬁ?ﬁp g ‘é‘ﬁ%‘ﬁgga e asserted (dri venH&i ﬂ‘g for .e%?.jmh%a] o cause
tw ce themehewetll 040 andmrendtcutrent foaiod Ichiat Havehgpe § Fﬁﬁ'f“?ngg 140" 5er

colum line 130 is witten through the select colum line 130. If four
menory celPEOPERYPer col um are to be witten, then the V\{T eVr\lﬁ,r?{Id W
signats are alfhugslatdiashct trésheld mly §h changed kxeithen chimemg e TSBTEH S £Y onal
current to fl.ow, thro tr__lj= g€t £d .50 kmMBRkinkmest thfvention, thegirsshaldces of
the resi ﬁW@&@%VQHe#gEW cm?cﬁgs%uﬁsg 15 circuits 200 have thede%E)c@rﬁpri ate
val ues t Qe seivens16(ieden teesment gf e nentp! ciesuE PP Hae- & °F HE TBIRF €7t dong

the pulse circujts 200. For pur Hreshisit 3P kdetRRlinDiht el dfahd krrgreadge of

the set p‘G?‘é‘E’P“H‘F%g’r?S’ﬁ%beagﬁ’r?erni?%&g “the | t?l)v_egﬁ{ai on, eaCh,lgfﬁl se, Ci roghlit
200 ncl udes aVRSRET wl@ffoanalread cpruatisintoge paoipulag memerycell 140, the threpholdd o o
term nal of the NMOSFET 190 regei 36 TheSkGE evell 48 i 1c cardhitt WRussifur ce
20 t¥tnmi W&Fﬁlﬁﬁwttﬂé%m igﬁgi%g%ggﬂ% ed to ground. The drain termnal of
t he NVOSKETrediS@nceiothe i@ 308 is lamted somenieag begveen ke ghhaBoPRY S t8¥ and the

other term nal of the capacitor 192 | . i Qertnlifal 6 tBé BorhyRirabm30 of
t he MOSFEgsistase mﬂ}@wtcﬁ's‘naﬂ'r"g s‘ﬁ‘ﬁ%ﬁ%@ﬁ%ﬁ?i'ﬁ engquwri te set. cycle is.

per f or Neqs set AneatreBefiden Sicdaa bnd lsgh wdgestpeesentgt A NSEIBEIAS TEPHISHRE of the
capacitor 192 to be coupl ed t Qun i oW 8RdistadbarhbiphddsStatel 194
de-activaf é’&,co?‘ﬂga‘@‘éﬁ?ci‘}scfrmﬁ'gfgﬁﬁ ?‘%ﬂﬁ%gegigéﬁﬁe?g%}gnsﬁarg,t _t?@pr %’g‘# e the
traijd Ng opH@Sndtory Bl 190] the tduyeratdFi560 essertoits donel tedndigptn 30 RIS EFFRIE, ol | ed

via the assertion of the ENCH_si el sholdeaseysitcopnd y to
save Wi taEdfqrﬁlﬁ."’}ﬂi’él“’i"é?éet"g#tﬁ"geem‘?rgg%l?igg gﬁ%ﬁ@%avi ng the SET_SLOPE signal

unasser t egnAng iddfi@te@nsth@fmemory state (i.e., the “1” bit). ~
| ' ficant degradation of the resistance exhibited

For purposes of determining whether signi

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

- 20 current source 516 increases or decreases the I current appropriately to change the r'esisti_vc

J - threshold. For example, if in a 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

Aduring the read operation 107 (Fig. 5), then the threshold current source 516 may be used (under

the control of the control circuit 400) to increase the threshold by increasing the It cwrent 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 to 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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the reset pulse is controlled via the QUENCH signal, preferably u
undecoded n-chan 30 pul |l down on each colum to rapidly pull the céb%ﬁY@oos
ground to assure rapid termnation of the wite cycle trailing edge in

under 10 nsec. 16 30 May 2005 To generate the S| signal to establish the
read current, the colum decoder 122 includes a PMOSFET 230 that has its
source coupled to the Von supply voltage and its gate term nal coupl ed to

ground. The draln term of F Q is coupled to e

S nal | GrveteRiesieedtire ot (Dain i g sl omulae R § RanSRBRFET 232
are coupl ae beenthesboldefusing dlpacilclazomparatdre)yto 286d deldy. fThe ugidal ¢dmepaBsdnsufgnal .
The ot her . ' I . ' nal of
an nosrepe Sy Blaw RE ofiF R ddGinider Py tesf AR IRLo0S MGIRA LR ABEI 0,
ground. Fﬁ@f@&tfé?fglé)m nal of the NMOSFET 234 receives a signal (called R)
that is assertAgodgthi v@@r faht@lbs df fHe r@%@ﬁﬁh@brcdltﬂr ARSPABME ehﬂ)oam’feﬂ%cbfthe

operation. Thus,. duripn read .operatio ead mrror for fromthe
oVESRETe YR i ol A meg inp R S v tipiaPyook T4 st B8 sl iy i

sel ect ed sigialiaithé corefsatod 3W. in Esphnds tb aneidge of alciock signal (£3lkd CLK)dodips ed to
associ at t 3to
Sovoct "o AT B St W 3R ot e BB R0 o
during a theassosistadanernery cetet4dr iersiate of the FLKBnal transifans sietpoth gaupe Bredlio-t he

i nvent i onopts02 t¢ &8k theBit JTeté‘dté&bU (hé)éoﬂ?&atdﬂ%b@'%é ﬂﬁ)—fﬁ)‘é@ﬁh@éy% ceRRedidl tol N

response to rea e are e 15 resi stance e
et @obw%ﬁﬁ%%%fr’mgfab’f’%1§h'n§ov@§ngqopwnfsrnf@gqfavevmee dngach§ citiertte pe
by a t hr eshekd&16includet a PMOSRETHRO teatdhad its ecired @rmibl&ougibetorrDpositive suppng

nput el v P oBOfRAah Ul of e BRuGSun! &8  gbhia SR ne 130

and the tin rm na e Cco 'S coup
current é@mmhpfﬁtomnPMQ%EﬁcﬁZZt'ﬁmdramm%oaheE’MQ’SéﬁEtT’c'(Zeallnltl@ﬁ. iBFpupletht i s

furni sheq, iy &h@nttdaﬁﬁﬁjﬁ%ﬁbrﬂkﬁé %@QtT é:érrﬁi;igl of @Q« l-{m@sﬁ?f B hakeiods 4 he

resi stor 508 I's coupl ed the curren he ot her term nal of
the resi SI99#! %%d%'“%%%&"ﬁ@%%e Eﬁﬁﬁﬂtﬂ?b?f t*ﬂ%F’MPﬁEETé? ecpives e P signal-The
base t er Dusab thaf artdhgemBatTdihg al rﬁmﬁduéécﬁ@berralogmou l(th ?Whenithe Aalkdieistmot

Lo eBhabhRaGn b RuAE BB iRt hhen Bt i SRR
PMOSFET 520. The level of current that flows through the source-drain path of the PMOSFET -
520 is set by the PMOSFET 522, as controlled by the S1 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 maigin 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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25 Thus, due to the above-described arrangenent, the non-inverti ng i&PUt
termnal of the conparator 500 receives an indication of the vol Qg ay 2005
across the nmenory cell 140, and the inverting input term nal of the
conparat or 500 receives an indication of the voltage across the resistor
508. The.voltage drop across the diode 142 is cancel ed out by the voltage
drop across the BJT 510 in the conparison formed by the conparator 500.

30, Due to this arrangenent, the conparator 500 effectively conpares a
resistive threshold (indicated by the voltage at the inverting input

term nal produced by the product of the IT current .17 30. Ma 05, and the
resi st ancemaer e gate H5ing 05@'8)PWSIT¥TFI§%6?"éjsﬁzétaﬁerﬁ?&plﬁc{mﬁ%ﬂ%%’d%g 940

(1 ndi cat e%%%(?]atl BELY BMRSE T3S 1ol BEIODR-ihs KA feiniigaliresisidr SB@ Fsnionplkg bethedn i s

produced by e resistance exhibited by the__ nmenory cell 140 3l read
current (chd dreid térmjnat ¢fabe PMOSEET ArbwudiEreung- SB% svrreidraieras ﬁéﬁﬂﬁaﬁﬁ 3 5Eirae ad

operation).. .o [Tht ! eS| RadeRE 8GR Qe TRMNIRA of 1he RYLOSHET §28t e
changi ng tlﬁceouplfgg‘%‘r”reeenn egPD %@E%anégei ng t he (\:/al ue_l of the ' ne 508. In
sone @nhoghredaininabs! thdRMOSTER 53Dl corted tPMWdWm%Bf‘P%RM@@IC% 516 Cunder
the contrqol of. the contr [k CLH Eis8g bOdholdiQo AR the rebistanee 33
via cont rGlf’cfolLh’égnglfﬂmrt’ce%ﬁfegéee&syﬂ%eh@%i st aﬂ%% T hr eshol d by regul ating the

| evel of tixeshblB. current. In this manner, to performa read operation on a
particular nmenpry, cel 14gg[ ' S5l Ginciddd, fitolRRinbstinksl obthe My set
the | evel of W‘P‘fsekbokﬂ?en ts%’gr%%%gs?n]gﬁg%é%asot_he lc_current. Thus, if
t he.resi simeginodircting to eise shedr 0508t level toeheciodie surmnNEIhe BEREBICIERIDL; gh

am)r)phous state.  resistance and | ' i LBKERT &36 tHae
i nvern®i ngheAPRSPhPE A% r&g?.m?%“%r’gg#p"%%é? g@k%%%%ﬁ;ﬁ@g‘%é somewher e FWen
the | ow apg ifdidegdin Mahinslgesplt esigrurent communispianipe 502-nfhe SAPEE ¢ € of

0% ST Repi el G el macgeens tomiteanaltann
asserts i pPRICSFENAB4,itumds @apled @ th@Vobsupplyfvoltagex ThpBay termigalpfalg i he E
LYot Rk 7Tt S RN SR i LR GBRLRHA oy pser L 1
pur pgses ShmpR) &Findicitete iivetaberesistivg thréshelsn Thuks grherite SoHIGH# F‘Erf%al i%si st ance
Tnvent | oSt (b BERarR B of s BNt B e ses. the
| T cur r endonapiiidynhia soirge-drain phth gestabhished by the PM@SFET 536.
| . The PMOSFET 536 is coupled in a current mirror arrangement with a PMOSFET 540. In
, this manner, the gate tcnninal.;; of the PMOSFETs 536 and 540 are coupled together, and the gate
20 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, n
response to the S_HIGH# signal being asserted, the Ir current is raised to the level set by the
25 reéistancc 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 thp
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t hreshol d. For exanple, if in a read operation in which the IT ang_.l '
current levels are approximtely the sane, the conparator 500 deggcwﬁrzoos
anor phous state for.the nmenory cell 140 during the read operation 107

(Fig. 5), then the threshold current source 516 maybe used (under the
control of the control circuit 400) to increase the threshold by increasing
the IT current in the 25 subsequent read operation 108 (Fig. 5). Simlarly,

if the conparator 500 detects a crystalline state for the nenory cell 140

in the read operation 107 (Fig. 5), the threshold current source 516 may

be controlled by the control circuit 400 to decrease the IT current to

ef f ect i Vel erfiehaasendidative sRymtenticintidesseesiopumeurdsi thy invely eSRBEBRR APV IFRad
operation 108 (Fig. 8) CIhe vari.ation a&,th@emdes
nani pul at |¥fgh"t‘$?§ nfapnel by X ‘Effeﬁﬁ%ma%%ecg‘%ange t%h*?éree@?aaﬁ%e t hr eshol d,

ot her par aghbgiiate ﬁ%{slﬁ@ccﬁﬁbl He stoagehfdm dskveiated siittthnpastofrite AperatioBdy st or

508, for exanple. e skilled in the, art choos t-ha.&ell to
the 18 30 ¥EgferpEmOrY E%H\}éi)rf’f‘&ﬁé{re“‘(’?e‘ﬁi"é?% i o Fgﬂ?e%gfmg{lﬁ%l%é 4) and

si mul anegy@; ,ynapaﬁng?,esuhﬁ ad, Qbrfeiﬂﬁnﬁld: ghiara baffd- 400 werentphrashtaird thedawiflayins

par al conpar at or to avoi d del The. Io he
out put s wiintp and qupof thevmempgysleyige ?ﬁa‘f’g cgéa?aa}f)r eslﬁgﬁgbrﬁ]’ggg?agg fata

nodi fi ed Wit eniCaoh Bnds@05] THE R¥Boiaedtd )3 méynakogndide am:taldélress‘laréiem(@sth@f t he

read path circuitry 499, in sone enbodi nents,.of
Rl | capumityesiyibibire OBy e crmmRRERgy gt O gpt BB bl 08 8mres

the out putﬁcaﬁgg%é_é etlaréaevnmrﬁbﬁumﬁeeasmmsmmseﬂabedcmsmé tofome cl ock
Si gr?a nner, in a read QL(%) f“%f g_?e];);dcmg
corrpaﬂat opxtﬁﬁmaha@eaﬁlhf’ éqldé?ﬁ" S‘BP“F%(‘}P(SI“E cr‘i’H]il’B‘&{"é“ e§t B assoCi at ed
menory. cell, i‘ﬁQ.g LGRS § 85 GecBlierd. NEs £okdf aBbe i cortr Birduitc108 albsb dncesndnts thause
the flip-"1lop 8 to store the bit detected by the co arat Qi 5 The
flip-fl opcoursi®y ab@pmme@pé&ﬂteamamﬁm%?“%é‘“ Ep 494 1 f“%r&?% S
sone embog| 'ﬁ%@éf IfaGickAyention, the threshold current sour ce 516
i ncl udes a 20 that has its source tgrmnal Iegll t&%ﬁgéyive
suppl y vol t agRefarng kegk 0 Egi2. Brsompsgogfiicpts £ ?hFrFWSPmd’f SR Ois
coupi £ to ﬂ%‘m@;ﬂ&yh&fmﬂmmaﬁaﬂwxﬂh@rﬂﬁalh term nal
of t}lu m@ é%gﬂ&%om ﬁ{cﬂkrﬂ?g coupled to the currergl %a mw%rll C tlon l'ine
|

502. The waticsla,dn simedmbsrlimants PRRGRYERISS SheQEBITEYSE™
S_ NO?I\/AL# &Q&r E@ﬁmgglt ﬁoﬁ%:@oﬁ%&s@ém Blh@nl?m bl examplasphat iy mﬁde" 81 signal .

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
) 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 interface 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
66 and a keyboard 68, as well as control operation of a floppy disk drive 70. The

from a mouse

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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Due to this arrangenent, during a normal read operation 107 (FIG E%h*h gao
the margin is not being checked, the S _NORVAL# signal is asserte§ ay 2005
| ow, for exanple) to activate the PMOSFET 520. The level of current that

fl ows through the source-drain path of the PMOSFET 520 is set by the

PMOSFET 522, as controlled by the S1 signal. The threshold current source

516 contains additional circuitry to control the level of the |[|.sub. T
current during a read operation where the threshold is | owered for purposes
of checking the margin for the cell when the cell is in the crystalline

state. In this manner, this circuitry includes a PMOSFET 524 that has its
source terninalpy Wdi&x&ntsméth\dmemqnpﬂhy mpoﬂona@etmﬂﬁiiéﬂb Fhway PeRf dal  of

t he PMOSFET 524 recelves a.signal called S s =T Nl &f the
PMOSFET 528y egsiiedSt & ‘thr?é’q%&‘r g meton o "‘F 3%%‘5;}’% "E%NESFET%% and
the drain ¢ 8ebidks 9 ankihie FOGAMGIen26 amsAGau:plbadast @'ht memenraopimlier 35

communi cation |ine 502, Thus, due to th| arra e | ow

t hr eshol d SepfEeoEngisde ’c“ﬁ%cé@ﬁléﬁct?nﬁ?fls’én?!fjrafl al}?ce %353651 %‘H’gé}{m si gnal
i s assert efgbiiel AR alp@MiculhOkriRearaal 6jerdtion ea.uaegetsruensmhmm chiangepmaterialf t he
PMOSFET 524 to conduct. The level of this current is set by the PMOSFET
526. The ﬂmm9¥1$'526 is coupled in a current mrror arrangenent with a
PMOSFET 528. Wdh&b S ith 0Bk 1M beat B losdwittEespettie agiatied hembernd rsbasiimerte,
PMOSFETs 526 and 528 are coupl ed to%? he and t gate t%ﬂwnmgl of the
PIVDSFET 5 2ips sidliedumthedrty havingdheheas é‘ﬁd‘%ﬂs‘“’%‘gﬁ BT Coupl ed

bet Egﬁggég#gg&ﬁkﬁhﬂﬁkﬂﬂkﬁkﬂﬁIPNEEEE&i&&&hﬂﬂﬂm@mﬁmmﬂmsﬁherﬂbmmhe drain
pat of a i's coupled, between the VDD s vol tage and the
sour g0 t emvilifightions and-ariptignspetrllguthin tieEuaspiy apd f@PﬁPﬁ‘gg"é’F Y%= PMOSFET 532
is coupled to the gate termnal of the PMOSFET 524. Thus, due to this
arrangenent, the value of the resistance 530 may be chosen to |l ower the
resi stance threshold. The threshold current source 516 may al so i ncl ude,
in sone enbodi nents of the invention, circuitry to raise the Jr current

| evel to check the margin when the nenory cell is in 10 the anorphous
state. In this manner, the current source 516 nmay include a PMOSFET 536
that has its drain termi nal coupled to the current communication |ine 502.
The source termnal of the PMOSFET 536 is coupled to the drain term nal of
a PMOSFET 534. The source term nal of the
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PMOSFET 534, in turn, is coupled to the VOO supply voltage. The gate
termnal of the PMOSFET 534 receives a signal called S H G, a 80ghay 2005
that is asserted (driven low, for 15 exanple) to indicate the increase
resistive threshold. Thus, when the S HGH# signal is asserted, the
source-drain path of the PMOSFET 534 conducts, and the |evel of current
conducted by this source-drain path is established by the PMOSFET 536. The
PMOSFET 536 is coupled in a current mrror arrangenment with a PMOSFET 540.
In this manner, the gate term nals of the PMOSFETs 536 and 540 are coupl ed
together, and the gate 20 terminal of the PMOSFET 540 is coupled to its
drain termnal. Aresistor 542 is coupled between the drain term nal and
ground. The source-drain path of a PMOSFET 538 is coupled between the VOO
suppl y vol t age Vil isdmedisi ce termi nal of the PMOSFET 540. The gate
termnals of the Pwmgﬁoﬁicﬁgﬂ,ﬁﬁﬂg 538 are c.oup: eg together. Thus, due this
arrangenent, in response to the S H si gna ei ng, asserted. 1. T
currert is rai §e‘dﬂmimggﬁéleﬂhéﬁﬁe‘i‘°r§9§tlwﬁ ‘%4# as‘%%"’“}g@ﬁzé aln%lgm(o)?c?ﬁies%lgg?étor
542. I%ef ergr%aﬁﬁn&qgggintﬁaf&r&sisémemeldtléw;ah@er features of the nmenory

e

devi ce 33, e nenory vice 33 _may include.the conbrol circuit 400 to
gener at e si gnalmsrespongsdn threoletepapiy gefesavel,witiRs toghs y 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 biits during a nEegneth@ofchae - HREFTEHRPEMIS the threshold current source
to sel.ect the regi threshol d used during a particular read

oper, i on- Thereg‘%ﬁhglr&g@ia%guit 400 receives signals (via input |ines 401)
from ghe 20 3feriamin@@ideterination ipgesparse [9hs 3¢ P&e of potential addresses
and commands that involve the nenory device 33. In this manner, the control

circuit 300 may decode a burst wite operation _and generate th forri
appropri ate si#nal sTheonatimd:of glaine Bavhsredn %ée@m%%%gbrﬁp&f@(fo%a?% ‘The

burst write. @ypcg éaggﬁﬁerggn?é%ﬁ%ﬁgoﬁﬁﬂ%ﬁmgel |'s 140 of the nenory device

33. The evice y also 1nclude 5 additional circuitry, such as,
for exanple, a data buffer 402 to tenporarily store the data flowng into

Uia obta comdin cark BN e P s o al oo Dl pde o

The nmenory devjce 3 al i hel ude an
addr egs buf f ercoAfp@risdratesistencerephibites byshegefl o P%@‘ FREVBRSP ‘gﬁg’a%q B d(s?%ﬁ*ﬁﬁﬁsgat i on
Iine53407datél'a§_ address buffer 408 shares

comparing the resistance to a second different threshold to detect a second data bit; and

4
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

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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1 the addresses associated with nmenory operations as well as deco gswi he
addresses and to sone 10 extent may generate the address signals g niVidhy 2005
comuni cation |ines 410) that are provided to the row 124 and col unm 122
decoders. As noted above, the control circuit 400 also increnents the
counters 409 as appropriate and stores m ninumset sweep fall tinmes and

reset current levels in the nenory of the device 33. Referring back to

Fig. 2, in sone enbodinents of the invention, the conputer system 30 15

may i nclude ot her conponents than the nenory controller hub 34 and the
menory 32. In particular, in some enbodi ments of the invention, the

conpuj er syst em 30 Themethod biddmal, wheemessor 42 (one or nore m Ccroprocessors
or controllers, as -exaq‘r] es%) t?@h ig tc_oupl ed to a - system bus 40. The
systefn bus 40,15 Repery feif 8 A EFFRE"$ B*Fhe nenory control I er hub 34 al ong

Wi th 3an Accelifs @@dinGorRhdcsee o0 déarddAEh) conpsised domhring AGRsi$tance EXEPHIYRY i n

detail in the Accelerated 20 G ics Port, |nterf i £ deON,
Revi st on the cell 9 gifirst ssistmeit fﬁ'?‘ﬂ"?%,wﬁ’@%g B! I%Fé:??g%o&?%gdr%tk% “of Santa

O arag Calidiidies mahiBe SRR cesttedhol 30 nay al so include a displ ay
controller 46 that is coupled to the AGP bus 44 and generates signals to
drive a display 48. The nenory controller hub 34 is also coupled (via a
hub interfaceg50) 4R @8nddReiday] Whkeit eGkcdriibsBRncelthesdl@ isapbrogmnaigly
provide 25 interfaces to, for exanple a Pe{dlppher al Conponent | nterconnect
(PCl )2 bugweaty aereenhereaisishanstie frst rsistapes thresheldoc  specification is avail abl e
from The PClI Special Interest Goup, Portland, O egon 97214. The PCl bus
54 pay be coupled to a network interface card (NNC) 56, and the 1/0
contrlol | er 649nmay Presetied of 6l5ue 11 RERT SORPINB 66, and the 1/0 control ler 64
may Leceive i gauhs ofhdBign @oheatrainstythhantk Saagalsvelad Witss theont r ol

Wil

operation of a oppy disk drive 70. The 30 1/0 hub 52 may al so control
oper 8t i omasgina CD- ROM drive 58 and control operation of a hard disk drive
60. 21 30 May 2005 |In sone enbodinents of the invention, the nenory
controller hub 34 may include a nenory caontrqller 35. In. this manner, the
menony cont rolQ.er 38 megrodef clgim bivherpigtbe JEEPIUPREYRP S Ye nenory bus 36 and -

the BA 54, Sgﬁig%él%}h&?ﬁr&ﬁﬂé‘lnm&nJh@da\iﬁm{oyyﬂﬁtabfﬂielcem. 35 generates

signals to in e control signals, address signals and data signals

=

that are
1 : 11. A method comprising:
2 programming a phase change material memory cell to indicate a memory state; and
3 selectively refreshing the memory cell in response to the detection that 2 §torage level of
4  the memory cell is within a predetermined margin from a resistance threshold level.

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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5 associated with a particular wite or read operation that targe | |
of the phase change material nenory 32. Wile the invention has ééeﬁayioos
di scl osed with respect to a limted nunber of enbodinents, those skilled
in the art, having the benefit of this disclosure, will appreciate nunerous
nodi fications and variations therefrom It is intended that the appended
clainms cover all such 10 nodifications and variations as fall within the
true spirit and scope of the invention. 22 30 May 2005 What is clained
is: 1 1. Anethod conprising: 2 determ ning whether a storage |evel of a
phase change eri al [ |l is within a 3 predefined margin froma
resi stance thr hol‘ﬁmfﬂggg??nypar%%‘gﬁ in response to the detecninatiaon,

sel ecbi vel y W intrkspenst & 4 dead oyesrdtion fbma plseechpree SEFTaE cy testeLthe §9P her
conprising: 2 reading the cell: _an L, i '&,{bﬁr&iﬂtiﬂ\ﬁﬁﬁaﬁ ratefihed

r espodse gﬁelf‘ﬂ’ée‘?’ fgforage Yelfﬁgp?r%%ﬁ%g%@&g}lmg%m 2,". wherei n thpe per f or ni ng
occurg i N LesPeRae résktdéahatiold leng. 2 an indication of the nenory state to
an output buffer. 1 4. The nethod of claim1l, wherein the determ ning
conprises: 2 conparing a resistance exhibited by the cell to a firs

resi s?ance t hr gshohle hiethd@ beahinal &, whetin ti: terage lpvel indicaled AFRMORGITHE the
resistance to a second different threshold to detect a second data bit; and
5 conpariedl-the first and second bits to determi ne whether the storage

|l evel is within the 6 predefined margin. 1 5. The nethod of claim1,
wherein 2 the nenory cell is.i.n nor phous st . lberagtet er m ni ng
comia}rl ses conpdri na'x%lmf"ég‘il et e&'ﬁ?’ﬁ’f’?{éﬁd#%r@g%t! eF%Oe %%a afirst 4

resi’si ancg bt eshmkdeand conparing the resistance to a second resistance
threshold greater than 5 the first resistance threshol d. -

18. A memory device comprising:

[V

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 level; and
| in response to the determination, selectively write to the cell.

S s W

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.

25




1 6. The nethod of claim5, wherein the second resistance threshold is
approxi mately 2 twenty percent less than the first resistance th38sktay2005
23 30 May 2005 1 7. The nethod of claim1, wherein 2 the nenory cell is in
a crystalline state; 3 the determ ning the degree of degradation conprises
conparing a resistance exhibited by 4 the cell to a first resistance-
threshol d and conparing the resistance to a second resistance 5 threshold

| ess than the first resistance threshold 1 8. The nethod of claim?7,
wherein the second resistance threshold is approximately 2 twenty percent
greater than the first resistance threshold. 1 9. The nethod of claim1,
further conpri $ing: Ti% M¥dr Bevidenfichim @8] fhrthencompogse to the determination
t hat t e storage level is within the. 3 mar Ng.Efh RAde of cl aim
1, whé ein t he 2dempa#onip APRBHHET [Pdisatonpia i &}aﬁcc%‘h%’ﬁrrﬁm thr ough t he

menor és cel logLihck héld ESREMte SiAstendifatibh 6f Ldd of thd cellland Sommparh t¢ TeRICE si ng:
2 programm ng a phase chan mat eri al .nmenor PRERLY

st at e;4 ancexBibged iyohe sell|tg/a ﬁ%ﬁef@ﬁrﬁc EfEaes g]géci $encm{%?aes%g%nﬁjs’§mt 0 the
detectj on th ?ecbx%’iﬁl:hcﬁﬁons‘ﬁid’i&iﬂrlg’mlﬁm{e)’ﬂﬁeiol’agbgem isiwithirethe

pr ede ernﬁ%eg&ﬁg?éﬁﬁaggonra resi stance threshold level. 1 12. The nethod of
cl ai mgll, mahginei n t he progranmi ng conprises placing the nenmory 2 cell in
one of an anorphous state and a crystalline state. 1 13. The nethod of
claim 11, further conprising: perform ng.the detectjon i se to a
read firomthe ﬁﬁrmr’l;hecre:mmyqevﬁ Of‘ﬂ*}@‘ Fr%t“ﬂ’ﬁ'ﬂf‘"d*‘eE‘F’BP%cfii,’s er‘:rfS§

refre hi n rrs c the nmenory cell. 24 30 May 2005 15.
ﬁo 4 ggﬁﬁbgﬂB %?yae% L RRHEALAMPRSTE:

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

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

h

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

Ln

second indication of the state of the cell.

N

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 ﬂueshold 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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2 in response to a read operation froma phase change materi al
testing the cell to a 3 determi ne whether a storage |level of a phgbemgggos

material nmenory cell is within a predefined 4 margin froma resistance
threshold level 1 16. The nethod of claim 15, wherein the storage |evel
indicates a menory 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 nmenory device conprising: 2 a phase change material nmenory cell;
and 3 acircuit to: 4 determ ne whether a storage |evel of a phase change
menory cell is within a 5 predefined margin froma resistance threshold

| evel ; and 6 i pe.r espeaRedpddvite oflelier 4, mdttnemnhe@@kléé?fﬁmﬁgﬁ%inf‘r@“t% t he
cell 1 19. The mam)rdy devi ce of Clll,a' m 18, wherein the circuit detects a
menor ¢ st &tseonse tayead fom thememary Btk £ o st he determination in response to
the reading of the cell. 1 20. The menory device of claim18, further

conprising: 2 an output buffer to recejy plel #:915 s P RelBAPey] State
in redponse to?the Theadrey Grce ?Flf’r‘é“@ieiwﬁmlﬂ elrrcglqnép? & reuit det erni nes

t he rgi eRApasRytaLt he transfer of the indication to 5 the output
buffg? gbllﬁeéh 2005 1 21. The nenory device of claim 18, further
conprising: 2 a corrparator to conpare an indication of a resistance
exhi bited by the cqlhehryldbficdcdngifismgance threshold to generate a first
indi cation of ‘a state of the cell and conpare the resistance 4 exhibited
by the cell t o phagtichtngeapmossedhatd esi st ance threshold to generate a second
i ndication of o el iR khshse IdWrehd éptaiion domaphnd chmyemmmnhgell, restithaedlhg
her the storage I'Ss W|th|nthe6 mar ilt r%ﬁﬁédy devi ce
of clai m Gictenhioe whetheriaestorpgedeyy! el phajeschpnge °Ef‘§? 5 Pitping P

5 margin from 2 resistance threshold.

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
ﬁx 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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2 state, the menory device further conprising: 3 a conparator to gégmﬂ 2’:161
i ndi cation of a resistance exhibited by the cell to the 4 resista 05
threshold to generate a first indication of a state of the cell and conpare
the resistance 5 to a second different resistance threshold | ess 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 nenory cell

is in an anmorphous 2 state, the menory 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 indication of a state of
the cgll and cggpartheadmpiei een@iclabn BY, firther coagirsingnce to a second

resi stance threshold greater than the.fir resis

gener & e an i nan edpy SRTETo fsEve pLpdicgion °ﬁ§’°(§'§ﬂ &%9%4&&5%%63&%?%%

conpr is q? eﬁ a phase change nenory cell; and 3, a circuit to programthe
rrem)ry ceI to exhibit a resistance to |nd| cate a

sel ectdivel y rethesin wq@rcwﬁﬁﬁryv@éﬁ}eqﬁﬁg?ggﬁﬂ%?gﬁﬂf’ m(a}mt“%fﬁn&tntg%lﬁg%&of] whet her

a stor5age dxe&ﬁf’dut -2 5 phase change nenory cell is within a predefined

margin froma resistance threshold 1 25. The nenory device of claim 24,
wherein the CIrCUIt generates a current to place 2 the nenory cell in one

of an_anorphous staithgcg,ggm@r s bl thicd™® | Glrdbecompbisiag: May 2005 1 26. The

menor dewceo l'al m erein the circuit det j.ne rr%gln in 2
response to a zwmbafamm GQ@W@"”&‘EPP arﬁlgwce?ﬁ@gﬁgmtéccg\%ce of claim

er el nlS ce tﬁxlegh%w b \%E&Ht@g FRTTdicReon B2 Rfae of @d cell dnd ﬁmﬁlﬂfer thsh:snshacarermr y
ceI I) 1 28R enor y I ce conprising: 2 a phase. chan g_g o .. and
3 a cir cuida difierent scm@mwntmsh%‘e sspErat F"Gﬂ“‘*’l“ fortip Fe

c‘hange rfaélterl al
cell, _test Baengs +mms g aliRkt Me siohet okl iswihianorargiavel of a phase
changg ry ce I's wthi'n a predefined 5 margin froma resistance

thres hoI d. |
i 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

(- BT T O A %)

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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1 29. The nmenory device of claim28, wherein the storage level in bmﬁ@5521)
menory 2 state of the, cell. 1 30. The nenory device of claim 28 ¥i 05
the storage | evel conprises a resistance 2 exhibited by the nenory cell 1
31. A conputer systemconprising: 2 a processor, 3 a phase change nmateri al
menory cell; and 4 a circuit to: 5 determ ne whether a storage |level of a
phase change nmenory cell is wwthin a 6 predefined nmargin froma resistance
threshold, and 7 in response to the determi nation, selectively wite to the
cell. 1 32. The conputer system of claim 31, wherein the circuit detects a
menory state of 2 the cell and perfornms the determ nation in response to

t he rdadi ng of 3T-he 4 epmputgraysigm ™HE5 1 33. The conputer system of claim
31, further copprisidg: 2 . an output buffer to receive an indication of

the nEnory state in response to the reading of 3 the cell, 4 wherein the

ci rcuidt detern*nbgeGME&%@P@WHC¢HE¥%Sponse to the transfer of the indication
to 5,the outpyt; by UFE&. {Bémehbi§ cEPIAhRIL 25¥GhA Bf nditas amBhory wste hud
conpri'sing: 2 a conparator to conpare an indication of a resi shance '
exhi bist ed stlsctivelp rafiskh the eremony gell in mspopss tordier 4 1oaeHEY ROt HPEEREFAES a first
i ndi cation of a_st . Qypddiaict heesheldi stance 4 to a
diffe?entn§5?8ﬁﬁﬁ&%%ﬁ%@gﬁ%ga?ﬁgg%ﬁgfgmﬁo generate a second indication of
the state, the first and 5 second indications indicating whether the
storage | evel js w.thin ' : whaiB@ 18R Uk Bénefys aemrait te placen 31,
mhere?n 2 the:%énngéeggpﬁnﬁgﬁ§%g% ém%¥§§talline statg? the nenory device
further cowptemmingll iBoge afenpapmhes state B¢ wEasElig sfaffdi cati on of a resistance
exhisited by the cell toa 4 first resistance threshold to generate a

first indication of a state of the cell and conpare the . ..
1 39.  The computer system of claim 37, wherein the circuit determines the margin

2 response to a read from the memory cell.

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

2 to refresh the memory cell.

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

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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5 resistance to a second threshold I ess than the first resistance bnhﬁshtﬂg
to generate a second 6 indication of the state of the cell 1 36.3 ay 05
conput er system of claim 31, 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 to a 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 state of the cell. 23
30 May 2005 1 37. A conputer systemconprising: 2 a processor; 3 a phase
change nenory 4del | A meatebdompBsiiEuit to programthe nenory cell to exhibit a

resistance to _indicat bédnSteAldnenrp @dvief andel y refresh the nenory
cell %n respoﬁ%agmﬁé’ﬁ\ﬁgllestaﬁﬁg?ﬂguha%& AR e

a storage |level of a phase.cha ry cell
is wWiihin a pradeft estmeneryicell, Uetomining sGpderA Ty F"&i?fo‘ﬁ%?eqﬁgé@&ie
conputer system of claim 37...\ i D1t A8 iiEiekiutid to GRRtenhidstian sclech to
pl aceét 2 Rrﬁié%ﬂ%‘rfﬁ?r?“ci a%%mg\r{l%%g hgir‘li%rgnl)rph%gs state and a crystalline
state; 1 BfingtheeoMput er system of claim 37, wherein the circuit
determnes the margin in 2 response to a read fromthe nenory cell 1 40.
The conputer system of claim 37, wherein the circuit [gar(ﬁigra the nmenory
cel | {2 to refseshThdaethahaliclain ¢4 wiereln the scadmgsorerses JRTEMTEOpri sing: 2 a

processor; 3. a phas@mgg%ﬂ'ﬁglgﬁg%ﬁerﬁ%b and 4 a circuit to in response to

a redd opPFatINsie fop ahge material cell, test the cell 5 to
det r m ne whet her a storage |evel of a phase change nenory cell is within a
predefined ,6 margin fr esi,st 3'“1%1!‘%54%9' d. 1 42. The conputer system
of clai m a1, e eTte metoditslag Ly <oy cates a memory ion of

2 performing the act of reading in response to the expiration of a prede ermined duration o

3 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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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. QOM%QO%
conprising: 2 reading all cells of a phase change material nenory devi ce;

and 3 for each read nmenory cell, determ ning whether a storage |evel of the
cell is within a 4 predefined margin froma resistance threshold and in
response to the determ nation 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
claim 44, further conprising: .2 performng the act of reading in response
to thd expiratPén of MEHRHE] ‘é?“hé?ned duration of 3 tine. 1 47. A nethod

conprissi ng: 2 k&&et delidgh Lflateschaigeanapiabeenbanigaceat eri al menmory device; 3

for each cell reset, deternmining a reset current, |e : rAVARaTSINY <)
suf fi @ ent mar §rsaghsell, detefTRIng ) sps f "é@%‘?f“ﬁb‘*e%agﬁ‘%n‘f‘%r’un%hé rrent to be

used fsor ta%l@ resetting based on the determination- 1 48. The nethod of
claim47, '

urther conprising: 2 increasing th ni, mu . hased on. a
numbe’s of t he. rushiishies pavRP STRTYAl ZF Tateesls by ﬂ%m%%%ﬁnﬁ%thoglfrent | evel

before the increase 1 49. The nethod of claim47, wherein the cells

conprise cells of a block of the 2 rrenor%/'q%ﬁii ce. 1 SOéS.The met hod of
cl ai mi49, wher&hn Shemmeghadiof gl fl Whersiidhe eSEbITYRs SR th the 2 sane

thres 90| d se nsBErcas%% the minimum sweep fall time over the minimum sweep fall time before

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

4 tite.

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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30 May 2005 1 51. A nethod conprising: 2 setting cells of a phasg.chan
mat eri al nenory device; 3 for each cell, determning a sweep fal 50[ R&@%E‘ZOOS
that provides a sufficient margin for.the cell; 4 and 5 establishing a

m ni mrum sweep fall time for the cells based on the determnation. 1 52 The
met hod of claim51, wherein the establishing conprises: 2 increasing

the. m ni num sweep fall tinme over the mnimumsweep fall tinme before 3

i ncr ease APTRAEA0RE-THE PIELOSHBEr of cells using a sweep tine above the

m ni rum sweep fall 4 time. 1 53. The nethod of claimb51, wherein the cells
conprise cells of a block of the 2 rrermr% %%ig 4.S The nmet hod of

claim 53, wherein the eachREERESEHING MEMPRY é %F BASd with the 2 same
threshol d. sensor. 31 ABSTRAGIANEE MATHRIGE! HI NG MEMORY CELLS

OF A PHASE CHANGE MATERI AL MEMORY DEVICE A technique includes determning
whet her a storage | evel of a phase change nenory cell is wthin a

predefined margin froma resistance threshold. In response to the

determ nation ‘A &B&iqu% SldudeS dei&hBtihd WBdider Wiiokdge evel dfla@hass change memory cell
is within a predefined margin from a resistance threshold. In response to the determination, the

cell is selectively written.

FIG, 3
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