WO 2004/ 107349 P GRATED CHARGE

SENSI NG SCHEME FOR RE | ES FIELD OF THE
“WONVEXDTIEN [ 0001] The mmmlm M tion reI atﬂg,r,@gommbgw

menory devices, and nore | eC| Ical

|ntegrated charge sensi ng s Rene for reS|st|ve

“menories. BACKGROUND OF THE | NVENTI ON [0002] Digital

INEEGRATER EHARGE/SENSING SCHBME FOR RESISHEVE WEEMDR[ES
-~ conponents and conputer processing systens. Resistive

menories store di g ' [ in_the form of
bits or binary di %IE:‘?D ?IEWW§%SM on the

resistance of a nenory elenent or cell. [0003]
Resi s{OO JTeTRE Hrédewd lﬁecsl@hercﬁ&@ftb% 'davi%&!, & more -
where a resistive elenent or cell 1s t he ' :

specifieally teart ingegraed shargoysdrising schome fdri mss)nva mikrAok@! um
line (digit line or bit line). In order to read or

sense the stat \ [ el ssary to
first select ?ﬁ@ﬁ%@?ﬁﬁ%ﬁ%&ﬁ@ﬁ@ ecting the
colum line and row line, which intersect at the

desi r F@D0ZIND Digiedl exepitiries Qrowideyausel@ i E&ﬂpﬁ@’é[@ Eéfmputcr system
element is isolated, the selected nenory cell IS the

Compeaﬁltbymbﬁwmg PEOCESSING SYSEmagResisgve e mueics sto&wkmnformauon
00041, Th t t i
L L e T N —

clcnfdhtoseﬂsl ng the reS| st ance of a resistive nenory
element. I n accordance wth an enbodi ment of the
preseF Q}giventl on, Ieakage current through the
resi st® mBRHiEYC SRERemt chv%re&omndmg@rys where a resistive

o ARRELLPL ULl D, b oM 08 T o i e

or bv:dlricalgﬁ ardert torest §# denkd the staté ofP Rlefity L8l 3t i ink8dssary to first select
i,np ué of a clocked conparator. \Wen the voltage on the

the a?sgqc memery ssll by algcq;m'grtgg solupm lmgdand row line, which intersect at the

desired memory element. Once the desired memory element is isolated, the selected

memory cell is then read by applying a read voltage to the cell.
SUMMARY OF THE INVENTION

[0004] The present invention is directed towards an integrated charge
sensing scheme for sensing the resistance of a resistive 'mcm'ory element. In accordance
with an embodiment of the present invention, leakage current through the resistive
memory element is used to charge a capacitor coupled to the digit or bit line. The voltage
on the .capacitor, which corresponds to the voltage on the digit line, is applied to a first
input of a clocked comparator. When the voltage on the digit line exceeds a predetermined
- value (determined by a fixed voltage applied to a second input fo the comparator and an

offset built-into the comparator), and when a leading edge of a clock signal is received, the
comparator switches to a hxgh state and the chargc is then drawn off from the capacitor

until the voltage at the first input falls below that at the second input or a falling edge of
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val ue (determ ned by a fixed voltage applied to a
second input to the conparator and an offset
wdneod/to73sat o t he conparator), and when a | eadippguesi@sobio
a clock signal is received, the conparator swtches
to a high state and the charge is then drawn off from
the capacitor wuntil the voltage at the first input
the clagk|signiabbesnrs. hit that timieethearwpnphratop switcles ao h ddw istage atiyeoltage on
of 1 2004/ 107349 PCT/ 1JS2004/015919 t he dock
the cgpagHor \Qg@eﬁ FQ {’“’% WY PR RS “FﬁedE‘ghj'ﬁéﬁ?‘as sleserolage at the firs
input £ath bQWedd MafaBihe s¥nHALS BLif", | DR
P bﬁgll d again. If on the nexttgglg)ccitg}ﬁg%?ﬁé%ggptgﬁepﬁlgth%mc' It
instegy| thayeltage ahtheffirstsinpud in st tizgatbat ofrraedmd inpiit, slie ¢élbeked

second i he conparator again. goes to a h

comFBE conbes ifs 3% guHte 1t RUBBLIH TR 1t G clagpeH comparator
switch@$o 4 AR stdtelovefa i p%?i%a%’f dhP¥in bL E_ﬁuérﬂgcﬁ Eﬁgﬁov%dfc an indication

conparator continues its | ow out put
- of tht lemkage hatenthandcthos Kiedresistapae, atf ehe nemdrg Blemeha a hi gh
state over a fixed period of tinme can be counted to

provi de an ipgi ' and

Phus the resh SPERDERREHON O 5P DR EF

DESCRI PTI ON OF THE DRAW NGS [0005] Ot her features and

advaroagsi oOthdiFedtiRs AAY aHPMREEds OF tMé prlesdd® xR/ Rtion will become
In

apparent when the follow ng descriptionh is read
appageginjwheaithe follawing dhssripton ispreag im gonjdnavemeish thaaasbimpanying
dra !.OOO‘SJr @Ig\ 1 is schematic diagramillustrating the
' e Sy charge sensing circuit of an enbodi nent of
the present invention coupled to an array of resistive

menorioo | BIG[ PRQendte didgram BRs@ARFLE rirthQ:laE’éEf‘chatrgc sensing

I
~dia ramog?_a non- over | appi ng-dock generation-circul
circuifsefdn ambdrimgneeftie preseninvention coupled to an array of resistive memory

cells;

[0007] FIG. 2 is an exemplary block diagram of a hon-ovcrlapping clock

generation circuit used in the present invention;

[0008] FIG. 3 is a set of timing diagrams for the operation of the integrated

charge sensing circuit of FIG. 1; and

[0009] FIG. 4 is an exemplary computer system using resistive memory

devices including the integrated charge sensing circuit of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0010] FIG. 1 shows the integrated charge sensing circuit of an embodiment
of the present invention coupled to an array of resistive memory cells arranged at the
intersection of columnn lines (digit lines) and row lines (word lines). Two exemplary

memory cells 10a and 10b are shown. Memory cell 10a is addressed by row line 15b and
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[0008] FIG 3 is a set of timng diagrans for the
operation of the integrated charge sensing circuit of
wPi2@4me734and [0009] FIG 4 is an- exenplary cmgzgmmwlg

system using resistive nenory devices including t

i ntegrated charge sensing circuit of the present

invention. DETAILED. DESCRI PTI ON OF THE PREFERRED

dlglemzwwEM:mqr@@gl@]losis@ddacsm;sramma bS egiddigit L&l 206¢ Memory

nbodi nent __of the present

ccli§ EEEARR daEhiielfls §FackR ARbG 25 Bar aciro ol esitance
cleni&it!39 c@ﬁ{)l%HQSQ valtagd@urde SOV &0t i1 %Qfol&w%s“sﬁgﬁ the circuit

(digit lines) and row |ines (word
of thspreping chﬁemécscrebddwﬂ%cfannkcmuxamlaﬁ enemor)VeelDI ¥a.
cel Oa is.addrgss r.o ine 15b and 2 WO
AlcSfeh et By SRR Piptsh argest 14 esisits myeiropl, ..,
i6eRk lelckRbr B vAHA BSSQERWwiltoNh Gedig
n‘:SIZOb.f: cl\/len{)ry cells 105 and 10%&853%35& H&nﬁl‘é%lgggscm also be
- adamtlcdm@ M@rbmth&tbmcehrpqug fomaabssiag the nﬁdmmgwecll &J IOAB A current
thr cou tgtoavltarge souchof Vce/ 2. In the
(}uglh § dﬁ“g}}ﬁgfsﬁ critas supplicd tq ¢apagfor e pr esent
invention is descri bed with reference to exenplary
menor JOOH ]| 1Qaccorddrict W thi Beest VB0 AR, | dﬁrctg r2'09%b 20c
bel ow with respect to a resistive nenory ce
and 28l az¢ pagh cohnemed t®9 rmc@hc uﬁcgatcdsrskmngc\/uchhngﬂxrcaﬁﬁ:ﬁ §uch as the
an5|stor e.in on an also b adapted to
onesh8 {“h“&‘tcﬁ"é’ré’xggé'ﬂﬁﬁgg R TERPEEIEG; SHmA sels keangistors such as
ZObCB|M :%ﬁ:clnﬂﬁg #8uif 85 €fdkmed de,{;f%
el emcent IS sﬁppl [ edlto cgpgg??%gibé%éghggr& Tefotied
COHH@E%‘P'U%@E mﬁaﬁwmgﬁlcmuesankakdd\AhMughﬁmcdiogy tell 10agwhich is stored
a, 20b, 20c 20d eac onnected to a
on a ¢ JI0F CRpacyty ZSTQ% it a}aﬁ? ﬁéogﬁlﬁé "R BiSF Pt oBgpmppsaror 40.
Coxﬁ aralIdﬁ 20 ipvited Wit f0Reehab s WHig ru%ﬂgh
rgspectlve col um sel ect transsl stérgésu%s é%g&f%fg which

alsoeeeives 8 pefptenes veltage aa/2 s I ecqvedhnoé warkf the dipacikioh @fthe circuit of

the b%k&%&u@ncéo"rﬁgﬁ%r 40 makes a companson cach time clock signal @,

(shown in FIG. 3) goes high. At that time comparator 40 makes a comparison between the

voltagc on digit line 20b and the rcfcrcncc input (Ve /2)-Vos. When the voltagc on digit

line 20b exceeds (Vc/2)-Vs, the output of clocked comparator 40 switches high. Thc

high output of comparator 40 closes switch 42 and causes the charge stored on digit line
capacitor 75 to be drawn off/transferred onto another capacitor 45. The high output of

comparator 40 also opens switch 60. When the voltage on the digit line faﬂs below
(Vee/2)-Vos, or clock signal @, goes low, the comparator 40 output goes low, opening

switch 42 and closing switch 60 to draw any charge on capacitor 45 to ground. Each ﬁmc
clock signal @, goes high, another comparison is made. If, at the time of the comparison,
the voltage on capacitor 75 is lower than that at the second input of comparator 40 then

the output of comparator 40 remains low. The process of discharging and recharging
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conparator 40 for neasuring the current |eaked through

menory cell 10a, which is stored on a digit line

veapmaailees 75. Capacitor 75 is coupled to a fipcglyshddPbisore
h

of conparator 40. Conparator 40 is provided with an

internal offset voltage, Vos at. its second input,
which also receives a reference voltage Vcc/2. In
Cap3EL5 [/ dAoaEnygstfar 8 peedspremanddoperivl dfime iDuarting thof pre&termined

re | nvent i (0] rator 40 kes a_ conparison
pcr@gc | Crrlle céc/: gslkgésj Is g%ﬁég)a&& cegm\?ﬁ?q\ﬁ tehigh g;)nw of comparator
40. TEMhunfberiofi @nes icBRpaRiRaE flsfiond _@roﬁ?g)gi tcg}ﬁfgﬂﬁug{n'gstgg

between the voltage on digit line
predetermigad smegamod(is/Qprantegee offwesistaher ubiHeagemo#y dlirgért 30 or
celhiogle 20b exceeds (VCCO 2)-Vos, the output of clocked
conparator 40 switches high. The high output of
conparat or 40 doses switch 42 and causes the charge

st or e0Oh2}Hi di is ddte® that ARACIH@havOpdritde W
of f/transferred onto another capacgl)torl 4c5$a'@|ihecﬁimé?1canbc

chagged Dyt the Furrenyiroadacted ta@ughgbe orensy sellstand aiCordipBcapacitor 75
ma)I( Wgyc%cgpggotrotrg?e Bgrlﬁsqlgﬁt: ﬁ#iggi%@f@% lo'& g'grggjlggw"nctqq@ combination of the
ek IR e BtV 38 e RO il B St s physicaty
i 8 e B0 B8 B A o B ER e 4 o o

to drowgharigs on capiciter ¥t gesurdd) tE@PREédaBlind 2apaSi éhﬂ'
Lt ha}1 at the second input of coﬁl%gr z:t o_r§46§a§ﬁéﬁ¥§h% dm_w
chagge oM cepaciterfawhicn switch A2 dntlased) Bwan e nprieoaskodifment, switch

60 fhly j raing 3 WO 2004/ 107349 - .

Ao PR TR SRR egun i 1.5 0

cloglrséghat @ (shoe ipel1Goa@) Béingire®i. During this -
predeterm ned period of tine a counter 65 is enabl ed

and c all, low to high transitions of conparator

40. Tmaﬁlﬁa é\Lh"— A RRan gingof capasisPt 72 a8d seletive
disch@Mid o dahtitdd 45N ichHNemeRLea ] i eriof IS ;

repr eé;ent gt ive of a é‘egﬁcstcaﬂgig?%%{iﬁgl*rbmﬁngr Y %b’&&r'eaﬁfhown .
FIRJ, aft togethér twosither connect capacitor 45 to the digit line or alternatively to
ground dcpcnding. upon the output state of comparator 40 or the state of noh-ovcrlapping
clock signal @, if used to control switch 60. Those skilled in the art will appreciate, with the
benefit of the present description, that the switching function can be implemented in

numerous different circuits using, for example, transistors for switches 42 and 60, and is

not limited to the two switches illustrated.

[0014] The circuit of the present invention further includes the ¢ounter 65,
controlled by an enable “EN” signal during the read period, that counts the number of
times N that comparator 40 goes low to high in a predetermined period of time. The

count N is inversely proportional to the current and thus the resistance of the memory cell
10a.



[0012] It is noted. that digit |lines have parasitic
capaci tance and can be charged by the current
waeedueBed through the nenory cells and accomngiiBhibssorsoro
capacitor 75 nmay be a discrete capacitor, a parasitic
capacitance of the digit Iine or a conbination of the
tvvo.ad is also noted that VCC/2 at the nenory cell
and a0% cBrdigirabvepe sempatispi is pedfgrmedi ardtheoghic ktored in

h 60 i t wh th t put of
o 0L B R e L UL 1L
predtergimednead pdydabyheonalel NNgh £ aRA¢hE ﬂ:rmséﬁcé 8f gn@l‘ gelllaf%a is

charge from capacitor 75 when switc 'S c ose
abovar?fzhc{%ﬁ' A ghreshold yaberiindertrmiowiif the resifamerys diwvejpe baloch

nen.. overl a clock (2 (shown in
PerlQ%éé 38) 'Utalu%'lglfﬁggﬁ s Or%‘f P9 °f g ﬁ%ﬁ%z?rﬁ St 3) being
read. [0013] The chargl ng and di scharging of capacitor

75 arld@]ecli aexettipiah @ibodime: SFARABESAH i
i npl emented with swi tﬁges 42 and 60 wglcch . a‘gc lé,'%’n the digital

valug cpmparisen devicgequld @ge!tarreto ctveluatct therconnriNdatthe fliviidg®manner. A
[ aIt tjvel ground
high'feideg VA a8 o Wit Vbt thy FesSpsamaion b e known in 2

grost saset Fhes, fdr dmﬂp&verm bi@ncE Ak mi AR
to control. switch 60. Those skill ed thercé\ énltéql:’]};a count (N

value) Fﬂf 0cangk aelow\,\ﬁc{xﬁa@q@é/alqgenm e méprt::h:atqu yseadunt of 20.

L T L T T A—

loglcesxammlfd;c dehsiisthéhbfpccdlor switches 42 and 60, and is
not limted to the two switches illustrated. [0014]

The cjrcuit of the present invention further includes
t he Ydr B 2 is@ntexemplay blpchadiagrabbfa hENovaﬂ@lpﬁig clock

ene d ASHed, that counts the nunber of
8 gzlmr’)r%g’gl Bpﬁg{t?%gsngar SR A0 JBEZUPBP ?Bo%cﬁﬂ)llaﬁdébz clock signals,

whichraecletrepleineacirpsid Ach-0beldppihg db& sigiit N i s
inversely proportional to the current and thus the

resi the. penory cell 10a. 4
S[tO?ﬁ%T o'I"hc: oscillator clglck output 513 is coupled to one terminal of NAND

gate 500. The oscillator clock output signal 513 is also inverted via logic inverter 502 and
connected to one terminal of NAND gate 501. The outputs of NAND gates 500 and 501
are each dually'invértcd via inverters 503, 505 and 504, 506, respectively. The outputs

511 and 512 of the dual inverters (503, 505 and 504, 506) are each coupled to a respective
inverter 507 and 508, and are also fed back respectively to a second terminal of NAND

gates 501 and 500. Inverters 507 and 508 respectively output non-overlapping signals @,
and @, (shown in FIG. 3).

[0019] FIG. 3 is a set of timing diagrams for the operation of the integrated
charge sensing circuit of FIG. 1. @, and ®, (shown in FIG. 3) are the two complementary

and non-overlapping clock 31gnals produced, for cxamplc by the FIG. 2 circuit.



WO 2004/ 107349 PCTI US2004/ 015919 [0015] A.digital

val ue conparison is perforned on the value N stored in
WOGHH18T3465 by a digital val ue conparison devpEBusModiisore

determine at the end of the predeterm ned read period

if the value N, and thus the resistance of nenory cel

10a is above or below a threshold value to determ ne

i f t h026i sTharerd shrabdisanarexhmipiny of thtifdat spertirtdepicted in
FIGvgl e t% indicate a | ogic one or a |ogic zero state. )
[ otf‘s‘f‘c IPRULPRIE HATEPY s BisF6RRSStinhe meanqsy eelbistsmall. In this
instdnl i Ha3 ; IS evi could ..
e 20 B Y 2t R g w vy e
resistrne,evhicklimis glowr festi digiatine cuakciter 25 dhargbsO WhiseGusds @Bffparator 40
[ menory cell are known in a

ou Val&@’% ﬁé@q‘) %ﬁ?@?ﬁéﬁ;gewﬁhﬂ resulting,inydieit die sepasiter 75 pulling

dii ' ount (| f 10
gt 0N o omirct BROERATRE cOhp Rt g ORI, e,
mimgas k‘) Wt Ifghc 28istahce ts_rwl:i—yngiagdl, sa 1«5\%@@%@ lieloB coh ﬁé&r%rbuucd
e u conpari son device to determine the

belopthe Fost 2%(1@5 Shretld SBrm Shr amsF 9f eanparagay ¢ apillgochigh every rime
the dc X 1l RekndhAgr ..nan-overl appi

© e BL BT B ARnAd AP dlecfist RIS AR Fhree from the
- bitlinavention to produce (D, and (D2 clock signals, which
are conpl enentary and non-overl appi ng cl ock signals.

[ 0018 oscillator clock output 513 is coupled to _
one tﬂﬁiﬁﬁa ffbfh%@a@c gamplegbe repistanss in theamemoryt edlids very large.

i : IS imverted via gi,c L nverter
I Rl e lne i -ty B Sl il Hisaie of e
high esistandeptiesdigh NANRargad Ry ae,myas&k&@)kf%ﬁn SwBRA 288 kbpararor

inverted via inverters 503, 505 and 504, 506,
our%gégw@w) NP LW 0S5 of theteme12 of the dual
- inverters (503, 505 and 504, 506) are each coupled to

a T eSRIA]VeIn HUBphik: SO0 dnd 08 e is
. back respgctively Fo atsec nd te#%FﬁgQQSf&ﬁAﬂB%%§a§é§5“’“‘
inteBgetizn carg@ 0Compumtdre4Gs fifs Dnathd S ddps RE O, al@ laYeo@iPaBisén is made

-over | [ j :

berween d?é/n(:e anaﬁ)&l) Q.é}d EJC J rba-klis.q}'digit line 20b voltage is greater than V../2-V,
the output of comparator 40 (COMP OUT) goes high. If digit line 20b voltagé is less than

| Vee/2-Vg, the output of comparator 40 (COMP OUT) remains low. The output of

comparator 40 feeds clocked counter 65. Comparator 40 fires on the rising cdgc'.of D, as
indicated by the dotted lines at the rising edge of ®, on FIG. 3. That is, at the rising edge
of the first three pulses .of ®,, a comparison is made and the digit line is greater than
Vee/2-Vos. At the rising edge of each @, pulse, another comparison is made. After the first
three COMPOUT pulses, and during the next three <b1 pulses, the voltage at t’hc_ first input
of comparator 40 is lower than the reference Vo/2-V so the COMPOUT remains low
during this period. Finally, on the seventh ®, pulse the bit line voltage on capacitor 75 is
greater than the reference V/2-Vo and another pulse is produced at .COMPOUT. .



and 02 (shown.in FIG 3). [0019] FIG 3 is a set of
timng diagranms for the operation of the:-integrated
wWorasge7¥ensi ng circuit of FIG ‘1. C _and <D2p((1$1ljgzm/0|15919
FIG 3) are the two conpl enentary and non- over | appi ng
cl ock signals produced, for exanple, by the FIG 2
circuit. 5 WD 2004/107349 PCT/ US2004/ 015919 [0020]
Ther e[@023} hiele notest, imalt instancgs| 2 comparhtee oatputwtone /high allows
the eration de g@e FIG 3. .In the bottommupst
S

cSaPyqan ‘é‘é’%cﬁcf‘ﬂen%hb}"?}tacsé (drop-sThsrpgsiptance of the
théiytd ) -
Bl IR B ok R Y B ogommons
exampls}/ tracen the, valhige gets ipriled bibyuboss chngm)s quitdy Chyode ichidHle

75 charges. This causes cqnpar at or out put ( COWP
“E%‘h’ Taes g*b‘ ITPERARET S 5 B FRT gﬁaﬁ étstalmarvgrﬁ lengitigne to pyjkthe voltage up
Cehe ARkebIVId Teve DA xgh@, !9
ove rouno(I:). Thecconpg?glt%frjé ou léstwécﬁ%& \A@}cgl%%g':dgcc’f
the O pulses direng thsips¢denareninad vad pedoditd regheerl DMlue
t hat. d it line 20b can never be puIIed bel ow t he

mpr%:&}l?g esrcflﬁ‘iaBgch BeMPRerttHe out put of conparator 40

will go high every tinme the conparator is clocked. In

this [eEiaNCAlthb fid;estshd@s& 5&&5},5 pyl [

from t[he ﬂbl t li ng1 [ 00211 [?: e mﬁé%%a?m}“&p?%%&
exemplgiystesistance; \nhtch,ennmm dggmletlkcmxs onBy twd @sigence stdted Il-k:f‘storcd in

i nstanc digit line 20b is quickly pulled lowto

the memORy 6832 Vos. Because of the high resistance, the
digit line charges very slowy back to Vcc/2, which

ot ol Tn 1 LGy kNl T el DR 208 hich uses

resigtize impmeory devife ¢drepmemgary megrlatcld&haﬂgc afnsmgmﬁiﬁfﬁﬁ la@écﬁ‘dancc with
ator 40 fires gn th i si.ng edge of
the L R PE P RS MR BRI SPRA DI HRHIGS. 1.3,

Thcﬁgt/fogsﬁ\{/% gystdnfx 400 Ghdiudes Bgie B0 fioke bt QG okSa I ERpRId do i cal bus

404. A memory controller 402 and a primary bus bridge 403 are also couplcd the local bus

404. The processing system 400 may include multiple memory controllers 402 and/or
multiple primary bus bridges 403. The memory controller 402 and the primary bus bridge
403 may be integrated as a single device 406.

[0026] The memory controller 402 is also coupled to one or more memory
buses 407. Each memory bus accepts circuits such as, a resistive memory device 408 .which
include at least one circuit using the integrated charge sensing circuit of the present
invention. The resistive memory device 408 may be integrated with a rricmory card or a
_ memory module and a CPU. Examples of memory modules include single inline memory
modules (SIMM:s) and dual inline memory modules (DIMMs). The memory controller
402 may also be coupled to a cache memory 405. The cache memory 405 may be the only
cache mcmory in the processing system. Alternatively, other devices, for example,

processors 401 may also include cache memories, which may form a cache hierarchy with
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t he out put of conparator 40 (COWP OUT) goes high. If
digit line 20b voltage is less than Vc /2-Vos, the
WELR0PHIX07HP conpar at or 40 (COVP QUT) renai ns | ewrusives/015919
out put of conparator 40 feeds docked counter 65.
Conparator 40 fires on the rising edge of (Dl as

i ndi cat e y.fhe dotted lines at the rising edge of
cacl(edilcglr?nt?g_)._ g thﬂpé?ccp%r,lg systeny 400 psqlnpf& pefiphicrafsfortdeatrollers which
bid SastbRI2Sv 1 difde I [)S yrBde and
¥ The digit 1] n&eﬁi g(])?{aat ec;lln%ca%% c%/sé- SHA), fie pgmpory controller 402

may implemgestyeché celarindyPromubk elf the aidiery ¢6ARAN SR i Soupled to a
I gﬁde. After the f('# st three COVPOUT pul ses, and
Plurglity; of nerRary Rises 97 gach memagy bus 407 may kst opegrsedin parallel, or

différehS4ddreR Yinge? nay YA Heq" ngr% ort PR
reference chcc/ 2-3303 sﬁt% em%}lfs }é@o E%SCF%W' duri ng
this period. Finally, on the seventh CD1 pul se the bit

| i ne 8023}e The pripayibue bdag; 483 igfca.qilcei wd i’tadéhsi &gc peripheral bus
erence .Vcc/ 2-Vos and anot her. pul se i s produced at
410 RS AR5 PEOpASE PEMEIPDBND 5SS mab be Spupled to the
ipRerAPb®410. "TRdsE dl ! of . |
B o a1 | o (haceh e T Qe SRR Mgty ), Pimiscellancous
I/ Qidedteat Ife arsesaridaiynousi bridge IS, ageuldndia Jro€esssd 1%, aA¢ &n legacy
d of .th %r cell then pulls the' digit . line voltage
evice wcﬁ-i)cct r Hee Rpimary bus bridge 493 manstss eoupled to one or more special
' {deb@ vRlat [ back above .
P Pt BBy 429 1 R n it 6 PRRHISER Sl purpose

port miglethartbe Acsclematedr@aphich Bbrd (AGRYK &S_cc,fitchlfbﬁ_1)‘)1«‘:I PRigh 'peABrmance

.dtovg(fll the voltage up over the threshold
vidgocard o, e processing Fystem 4881 es, counter 65 counts on the

| eadi ng edge of the COWPQUT pul ses during the
redefeopgnedr a j Reqgl . .
p { 8 e HER6kaPEESRELID gg@%&%ﬁg offe IY)?LT%(S stt)&ﬁ Zﬂcwccs 413,

. repr esenting the re$| st ance ry ce
via 2ptoragg dius Kl S, tths ipsviphoplebat4 in Bér dampld, @he stofagk CUhtroller 411

exenpl ary resjstance val yes, .in nost .

may 3 SO R R B oAt B S L i et GRTuscar b 4Pedevice 414
mayl Be adyvrt @i periphedl. | Bor &xaRGR, ofid gvqudc'v{cl: Qﬁhrrﬁ‘}yeéc &Mocal area

exenpl ary processi ngh syst em 400 i ch uses a _
network interface, such as an Ethernet card. The secondary bus bridge 415 may be used to
interface additional devices via another bus to the processing system. For example, the
-secondary bus bridge 415 may be an universal serial port (USB) controller used to couple
USB devices 417 via to the processing system 400. The multimedia processor 418 may be
a sound card, a video capture card, or any other type of media interface, which may also be

coupled to one additonal devices such as speakers 419. The legacy device interface 420 is

used to couple legacy devices 421, for example, older styled keyboards and mice, to the
proccséing system 400.

[0029] The processing system 400 illustrated in FIG. 4 is only an exemplary
processing system with which the invention may be used. While FIG. 4 illustrates a

processing architecture especially suitable for a general purpose computer, such as a

8



resi stive nmenory device conprising an integrated

{ nsing circuit in accordance wth the ,
“gggggﬁﬁéﬁts of 't he present invention di scl os@GTAB015919
in connection with FIGS. 1-3. The processing system
400 includes one or nore processors 401 coupled to a

g B SRR SO B 58 ) Bk
can H&halE €5 ESiHighde BHeSHrobesGiah 1400 dad c Bk th Gt SuAESIO ot use in a

.controllers 402 and/or nultiple primary bus bridges
varieqy of appligatangp Fpr example) many doctrenie devieespyhiohn raguirg processing may

. bri d 3 may. _be integrated.as a.singl jce 406,
be itgls e pind £ afer SORRERIE Prih 258 i CeAPUbF Eoriglet o
resis8VEe mRin o device 408 ¥nd BtSBeméR buffeadBvie®dyqgy bus accepts

‘circuits such as, a resistive nenory device 408 which

i nclude at |east one circuit using the integrated
char g3 s; Whilsi the ipvengen hh%bmnegeembq yspratedTwish reference
{ SLi devi ce 3 be integrated with.a .

o sfeE AP RO YR B AR uler O B tppdigions and
subsHBEYNS cAP 8Y Infflel Wieh dift @lepArti €rdoi thd§pi BN ¥ opd Bkl §Svention.

(SI MVB) and dual _inline nmenory nodul es DINWE). The
Accordinglys tho veRenis notgo bgggnsitlersd pelimitgd by dhe foregaing Hescription

nennr 0] e_cache nmenory .405 may be the only
but %saoﬁ%xnn%ﬁéoww%sctoﬁg oprd%)cc%?é:%{ﬁﬁé)g s\e/m Al ternatively,

ot her devices, for exanple, processors 401 may al so

i ncl ude cache nenories, which may form a cache

hi erarchy with 7 WO 2004/ 107349 PCT/ US2004/ 015919

cache nmenory 405... If the processing system 400

i nclude peripherals or controllers which are bus

masters or which support direct nenory access (DWA),

the nmenory controller 402 nmay inplenent a cache

coherency protocol. If the nenory controller 402 is

coupled to a plurality of nenory buses 407, each

menory bus 407 may be operated in parallel, or

di fferent address ranges nay be mapped to different
nmenory buses 407.



[0027] The primary bus bridge 403 is coupled to at LLOYD WISE
peri pheral bus 410. Various devi

wgg@g}g??!gﬁer al s or additional bus bridges rraﬁé”sw&rhlsmg
coupled to the .peripheral bus 410. These devi ces may
include a storage controller 411, a m scellaneous 1/0O
devi ce 414, a secondary b«ELAINMEge 415, a multinmedi a
processor 418, and an | egacy device interface 420.
The primary bus bridge 403 may al so coupled to one or
nore special purpose high speed ports 422. In a
personal conputer, for exanple, the special purpose
port m ght be the Accel erated G aphics Port (AGP),
used to couple a high performance video card to the
prbcAadnisgrazed; charge gmsing goesit fﬁmrcstsnva@emqnﬂﬁ@dd &mprising:
411 coupl es one or nore storage devices 413, via a
stor eripheral bus 410. For
exanglglgglp ceg%t?%?&a%e&%gngalpgfﬁgr’ 411 may be a SCSI
controller and storage devices 413 nay be SCSI di scs.

The ﬂﬁ:@n@emt@recmm&d weyidhtighline For dete %1951 ObRdge diPlaid digit
al area

exa the |/ 0O device 414 may be an | oc
line i3 gg“rcaé‘i‘ APET %‘Lgﬁcsggkb?'id%éﬁ%twéaﬂompaﬁner having an

_ d, t
oGRS A S08 G A ) B g s

said gn}slttenmdédrthﬂxhdﬂl veltagdlevel smeicaruéawd Bdfe WHdnAQR! volRgBRY said first
be an, univers e§§|al por. t (USB) controll er used F

capagiiqr iy less thag sy \H‘ crmjned thyeshold Meltapedevslisi ng syst em
400. The nul ti nedi a processor 418 may be a sound '
car da séconddafa Gl Which &hd
cal eirlfsa é)e Wﬁ? o it algso aEUly cQ[ t%md odh:f%gnnccté? E'om said
digitdiung |ha$ft§1nlspomlmd oetpus Of:huda&)mpaakc&( §a1dl $&ond RepdcREABYNg

dev terface 420 | used t o coupl e | egacy deV|ces
conng 14 %R spd e ARE WhGR il oulig ik SR DBARARSOE R pid Biscste, said

secod &pa&&@C@&ﬁ$ A0 c Syl R4 A saxhocg%l% E‘QFB SBE%R ur{q?f said

system 400 iTlustrated in FIG an ex
COmPATOE dssinrigpesgnd statonamrdy whi ch the i nvention may be
used. Wile FIG 4 |IIustrates a processing

ar chiyt-gGLME ?oreéo%&hg' | o L e A BogSneral pyrpose. .
conp ut e r, su ch
state. '

2. The integrated chargc sensing circuit according to claim 1, further comprising a

ngltal comparison circuit for comparing said count in said counter to a predetermined
value.

10



8 WD 2004/ 107349 PCT/ US2004/ 015919 personal conputer LLOYD WISE
or a workstation, it should be recognized that well - .
WREMA0AMI fi cati ons can be nade to confi gurECTHB®004/015919
processi ng system 400 to becone nore suitable for use ‘
in a variety of applications. For exanple, many
el ecty oy VA ' . ui r.e_progessing -my be
L o Bk aE N £ Ui oRoRSE B e i peprenssaid
- predorermingiel thé@holdoiohhgellevel is Aisrbiki 2y dewi 08
and/ or._nmenory _buf f'gar]I devi clgg %%)dd?y geﬁ%vfmi e&%exgc'sasupply
voltags\Aakh Yasris #hffiseenitage s airblertnanvolidgt irsputasfestdWohdparator.,
reference to specific exenplary enbodi ments, it
shoul d be understood that many nodifications and
substitutions can be nmade w thout departing fromthe
spirit _and scope of the invention. Accordingly, the

(}hgveﬁt' e i rsenang clesied afim 1 Tuh b E0impiog a i
S C%)g gﬂg?lgf ecogﬂﬁ'gqﬂgeﬂldc&é‘?qwccr{"@e& digyoling &m sald second
capa8RO40T 8hh BETbLBRRRELAL B Baftl M 1. An i ntegrat ed
charge sensing circuit for a‘*resistive nmenory device
conprising: a digit line coupled to a first
capacitor; a conparator coupled to said digit line for
determning if a voltage on said digit |ine has

exceedqgl.a, term.ned .threshol d voltage | evel, said |
conpar at or t%r@?cﬁg&gégc Koiiiasi:laml ol ?:€Fk’§% %aﬁ%&cwmmpgaa second
switdhi fos disshamgwhidnestidapabit36h@RaRakbdd daphcifteSit O ecre:
frc echgps .said predetergined t hreshol d voa %agﬁﬁgég%numaxd
o BUdiSnd state when said vol tage on said first
- capacitor is less than said predeterm ned threshol d
vol t age | evel

- 6. The integrated charge sensing circuit of claim 1, wherein said comparator is

clocked and performs a comparison in response to a transition in said clock signal.

7. The integrated charge sensing circuit of claim 1, wherein said first capacitor is

a discrete capacitor.

8. The integrated charge sensing circuit of claiim 1, wherein said first capacitor is ‘

a parasitic capacitance of said digit line.

9. The integrated charge sensing circuit of claim 1, wherein said first capacitor is

both a discrete capacitor and a parasitic capacitance of said digit line.

11



a second capacitor which is alternately connected and LLOYD WISE
di sconnected fromsaid digit |line based upon said

wowoputormd sai d conparator, said second capace¢DisIedeigero

connected to said digit line when said out put of said

conparator is in said first state, said second

capacitor being disconnected fromsaid digit line when

said output of said conparator is in a second state;

and a counter for counti ng a nunmber of tines said

oIRGB e T o

comparatarris hesalcbﬁrspsms:l ingesponst @i 4 fifst MPUP BEihS GReatér hith b reference
for. co tiﬂ" d count |n said counter to a

voltagednByt fcgrrencs of pdes dlgobmignalyramirien,ondseid output of
said PQ}F[ laﬁ%&%’l/ sgiaﬁgé&d%atyﬁ? réﬁPéﬂ?&\rﬁﬁt@g@ tﬁ-ﬁ:xéﬁlg[ bsc%rx]gs icrs].sqthan said

cir Ult according to cl

refeypnedietlexgriimmd at iesine lof ovalrta@e of eie@ hirsk S102R BipAXl tBfsRlon.
Vcc/ 2-Vos, where Vcc is a supply voltage and Vos is

an of fset voltage at a reference voltage input of said
conparator. 4. The integrated charge sensing circuit
of claim1, further conprising a first swtch for

al t ermatehei at:hngcm SFARFAAA9 of %cﬁélg sdid output of

l'ine fromsaid second capaC| tor based updn sai

said Samparatyst is ihsaifl eeonpd statedn. refponFh a sdcond aloek siphal @sition.
sensing circuit of claiml1, further conprising a
second swtch for di schargi ng sai d second capacitor
when sai d second capacitor is disconnected fromsaid
digit line. 6. The integrated charge sensing circuit

of cl1& fiht intepewei thasgd dnsingRatat of claign 1, wherein a supply voltage is
applied to a memory cell of said resistive memory device and said supply voltage is further

applied to a reference voltage input of said comparator.

13. The integrated charge sensing circuit of claim 1, wherein said memory

device comprises 2 memory cell connected to an access transistor.

14. An integrated charge sensing circuit for a resistive memory device

- comprising:

a digit line including a first capacitor to be charged by current leaked through a

resistive memory cell during operation;

a first circuit for measuring a voltage on said first capacitor and switching

between a first state when said voltage on said digit line capacitor exceeds a predetermined

12



LLOYD WISE
" cl ocked and performs a conparison in response. to a
transition in said clock signal. 7. The integrated
Weraapg@73ensi ng circuit of claiml, “wher ei N spitlusodssdise1s
capacitor is a discrete .capacitor. 8. The integrated
charge sensi ng circuit of claim1, wherein said first
capacitor is parasitic capaci tance of said digit
threshqld voltage gl F"mi agecand gtashwhee said Noltagy @i sailifitst cfpacitor is less

d’“f:,a?dﬁgcamﬂ%ﬁtﬁ'tﬁrél%ﬁgo%{ %QF&C?pa gitor is both a

ete capacitor an a5 T c capaci tance of said
digit line. 11 LLOYD WSE WO 2004/ 107349
PCT/ LdSibﬁlﬁ&:er'dBdfﬁmiﬂg a Huenb o tof Giitis @l d At @Ruis ®NBIdME of said first
ci reuj Ia|m1 wherein sai d output of said
statg S?H sarewithing predesernyiped ECIWF? pE8monse to a
first input being greater than a reference voltage
i nput at the time of occurrence of a first clock
signal transition, and said output of said conparator
in sai d second state in response to said first input
bei nd 3 ekt inkearatedichiarge edneingrimuiraktarding uop:lahmalm ffilxeher

urrence of sai.d first. clock sig
complifRe 8 iR YO R BRSH re bR ‘t°é‘&P36‘H§r"g‘é’“§é it
prcd&fcrﬁiu&ﬁdmaﬂlﬁ toeeérline § Right @MeRIfkailim cfonpar at or
is in said second state in response to second cl ock

~signal transition. 12. The integrated charge sensing
circuit of claimi; wherein a supply voltage is
applied to a menory cell of said resistive menory

devi gg_angd. further ljed. t
a refer enceﬁl\"i:écﬁq %%ggﬁ Lrﬁpu‘i ucmfi E%C?%gatpcf?ﬁ‘gl]? wf”r"récm said
ﬁrsncn-tmg ingrhuelds a hgﬁ@&:aﬁﬁl for ftgnﬁdriri‘thlhE voftagd ah lﬁﬁllé- ﬁrs‘f"@?ﬁat%it& to said
evi.ce conprises a menory cell connected
P’“@B“%“"‘Qg'g‘é%sgo{dr‘éfﬂ'ég%{%? 14. An integrated charge
sensing circuit for a resistive nenory device

17. The integrated charge sensing circuit according to claim 16, wherein said
predetermined threshold voltage level is approximately V./2-V, where V. is a supply

voltage and Vs is an offset voltage at a reference voltage input of said comparator.

18. The integrated charge sensing circuit of claim 16, further comprising a first
swnch for alternately connecting and disconnecting a second capacitor to said digit line for
discharging said first capaator based upon an output of said comparator and a- second

switch for discharging said second capacitor when said second capacitor is disconnected

from said digit line.

13



conprising: a digit line including a first capacitor
to be charged by current |eaked through a resistive LLOYD WISE
wezos/yw7sel | during operation; a first circui pct@g2004/015919
measuring a voltage on said first capacitor and
switching between a first state when said vol tage on
sai d %\/\% | i ne capacitor exceeds a predetermned 12
LLOYD W 8 intpgrassbpatgrrgasinpcrruiseddain 16 owbereinrseishwinparator is
I 0 said volta
clockl ARARrt NS o BB B HOER Pl el i R e
threshol d voltage | evel; and a counter for counting a
nunber of tinmes said first circuit is in one of said
first state and said second state within a

pr edef.e ] riqd of ti.ne.. 15 e integrated

char g?teo gg]ﬁsst% geidrc(c:hu §C SSRYUDE Gireiyt ?gqé‘lnhl‘i’h Wherein spidifispt capacitor
is a disdipreicspdefgon di gital conparison circuit for conparing

a count in said counter to a predeterm ned value to

determne a logic state of said nenory cell. 16. The

i ntegrated charge sensing circuit according to claim

14, wherein said first circuit i ncI udes a conpar at or

for [ r st CI tor. t
sai dgqg?gg gt&ggltrahﬁlnaeéém% r es%ugg 8‘8‘ gg’e‘? Crgin saighfrst capacitor

is a pandsegr @psitanbaofaiddigitiling. Ci r Cui t accor ding to claim
16, wherein said predeterm ned threshold voltage
| evel is approxi mtely Vcc/2-Vos, where Vcc is a-
supply voltage and Vas is an offset voltage at a
reference voltage input of said conparator. 18. The

i nt egratrae u&E?{ 261 GRAS ity Eﬁé{hf of2dlaif] ie% WG ein s td}st capac1t0r

conprising a first swtch for alternately nsad
is bogh g dificsso FrRacitomanda prresititicapagieanict of sdid divad lhedi gi t
line for

23. The integrated charge sensing circuit of claim 19, wherein said output of
said comparator is high in response to a first input being greater than a reference voltage
input when said clock signal goes to said first state and said output of said comparator is
low in response to said first input being less than said reference voltage input when saxd

clock signal goes to said first state.

24. The integrated charge sensing circuit of claim 23, wherein said output of

said comparator goes low when said clock signal goes to a second state.

14



di schargi ng said first capacitor based upon an out put LLOYD WISE
of said conparator and asecond sw tch for discharging
W@ 200d/1¢78¢%0nd capaci t or when sai d second capa@Ctrars200%$015919
di sconnected fromsaid digit l[ine. 13 LLOYD WSE WO
2004/ 107349 PCTI US2004/ 015919 19. The integrated
chargg i,gnsi ng circuit of claim16, wherein said
conpér-at of INtesrated shieae sgpsing swrqui ofclaime bhypeirdreion supply voltage

; I ignal going ta a first state. 20,
s spBIRAROAEh Sl RS THRL a7 ki w50 iR vlage i further
‘appliedher erefersatedvdltags inpudPasdid @6mphstct. di screte capaci tor.
21. The integrated charge sensing circuit of claim 14,
wherein said first capacitor is a parasitic
capacitance of said digit line. 22. The integrated
charge sensing circuit of claim 14, wherein said first
capazé.tTHe inteprdted bh i t i 101 42 i1 cal ord
parasitic ca%ggi tan%%gge?ﬁglgi Cgrcg?%?tg hf“?r%g.’ G’g?.%mrﬁ’éd resistive
memppt dlrinequpl Peacen STangistor 1te aivtord line hal mcblimavhgs.ei n
said output of said conparator is high in response to
a first input being greater than a reference voltage
i nput when said clock signal goes to said first state
and sai d output of said conparator is lowin response
to SAT.c frictlsid fondoterimiriing a keistaricb a0 a seistive RfRIGHE
vol t age ‘i nput when said clock signal goes to sai
compnsiNgt “st ate. 24. The integrated charge sensing circuit
of claim 23, wherein said output of said conparator
. g?g?g%@%‘g“?{mf O'%C%ﬁ%(\?tgé'uﬂ&l‘c&k&ﬂ%kn@@c%éd El'Proggﬁ Said rr]éjsistivc memory
cell;

b) comparing a voltage on said first capacitor with a predetermined threshold

voltage level;

¢) discharging said first capacitor if the voltage on said first capacitor has a

predetermined relationship to said predetermined threshold voltage level;
d) discontinuing said discharging of said first capacitor
€) repeating steps a) through d) during a predetermined time period; and

f) counting the number of times the voltage on said first capacitor has said
predetermined relationship to said threshold value during said repetition of steps ;1)

through c) to determine a resistance of said resistive memory cell.

15



WD 2004/ 107349 PCT/ US2004/ 015919 25. The integrated LLOYD WISE
charge sensing circuit of claim 14, wherein a supply
Wr06tp3349i s applied to a nenory cell of sai dpeesksioiyBor9
- menory device and said supply voltage is further
applied to a reference voltage i nput of said
conparator. 26. The integrated charge sensing circuit
of 2& 'Hiermédhodwhenrding tsa:iaiknrl?s iveferain saidpo@deyerpdhéd tgreshold

coupl ed by a CCes nsistor to word |ine and a
V°1ta§8 i ’Pﬁ‘ét‘f?bg 6/72 gﬂ“? ec BACEPRY YPipcaandeVosis an offset
volta8f afla "r&éx'cﬁ&é Vcﬁta@@ﬂﬂﬁﬂ o‘f?Q'cB a&%ﬁ’-’“ sing: a) charging a

irst capacitor wt cur rent ~conduct ed t hrough sai d
resistive nmenory cell; b) conparing a voltage on said
first capacitor wwth a predeterm ned threshol d
vol tage level; c¢) discharging said first capacitor if

t hey v said fir tor ha

or et AT Biding 14 i 28 Shi-Gin PR tirging s accomplished
by clobihgahweitdh Vol tage | evel ; d) d| sconti nui ng said

di scharging of said first capacitor e) repeating steps

a) through d) during a predetermned tinme period; and

f) counting the nunber of tines the voltage on said

first capacitor has said predeterm ned relationship

t o3¢ afigk rh ﬁrﬁgl: dﬁ? lléecl%ﬁ&tiﬁ Qi s&ﬁ%&c#&xﬁ%@g gémggfca coupling

steps a) roug ermne aresis

a secopd icgpdciter tmsmir firscedplacitdr> LLOYD W SE WO 2004/ 107349
PCTI US2004/ 015919 28. The nethod according to claim
27, wherein said predetermned threshol d

31. The method according to claim 30, further comprising discharging said second

capacitor during a time said first capacitor is being charged.

32. The method of claim 27, wherein said comparison is performed in response to a

clock signal going to a prcdctcrmihcd state.
'33. The method of claim 27, wherein said first capacitor is a discrete capacitor.

34. The method of claim 27, wherein said first capacitor is a parasitic capacitance of

a digit line.

16



vol tage is approxi mately Vcc/2-Vos, where Vcc is a LLOYD WISE
supply voltage and Vos is an offset voltage at a
woeboanenae vol tage i nput of a conparator. 29.

met hod according to claim27, wherein said JFE é?ﬁ?#ﬁ”
is acconplished by closing a switch. 30. The nethod
according to claim 27, wherein said di schar gi ng
CONP33 SThe GRS Bclaith 3P GRS eiRARAAA O aph @0t N Borh! 4 dibcrete
capaci tor. 31. The nethod according to claim %,

capaditgr ahép ParPic icapatijantiesf hatligit Hge.sai d second capaci t or
during a tine said first capacitor is being charged. _
32. The nethod of claim 27, wherein said conparison is
performed in response to a clock signal going to a
predeterm ned state. 33. The nethod of claim 27,
wher 26.nThaimtdhod of claifrp2Z, wisdreina st €4kt CoripdR6H 196ne logic

The thod of claim 27, wherein said first
state &i’ﬁaé?lfi stjcapacitor volsigeiy Brealsh Eranasatdethaeshold ‘dﬂrl@gc ldvclnaeld a result

R e e

thresheldbwitagalesitiscr et e capacitor and a parasiti c
capacitance of a digit line. 36. The nmethod of claim
27, wherein a result of said conparison is one |logic
state when said first capacitor voltage is greater
than said threshold voltage | evel and a result of

sai d3z0mpaIh&RAd bf cIRRPBE Whet Gl shid 2b bindd i
capaci tor vol t age i's less than saldﬂﬁﬁn¥£§EB?§$ a%?§§§W°n“

10 a ¢lagketignag Boingite apredasernaihed btaten 36 wherei n sai d
conparison is performed in response

38. A computer system comprising;:
a processor; and

a resistive memory device coupled to said processor via a bus, said resistive
memory device including a memory cell and an integrated charge sensing circuit for said

memory cell, said integrated charge sensing circuit comprising;:

a digit line including a first capacitor to be charged by current passing

through said resistive memory cell during a read operation;

a circuit for measuring a voltage on said first capacitor and switching
between a first state when said voltage on said first capacitor exceeds a
predetermined threshold voltage level and a second state when said voltage on said

first capacitor is less than said predetermined threshold voltage level; and"

a counter for counting a number of times said circuit is in one of said first

state and said second state within a predetermined period of time.

17



to a clock signal going to a predeterm ned state. 38. LLOYD WISE

A conputer systemconprising: a processor; and a
weziogid7y® nmenory device coupled to said proceep@t06d/fisore

a bus, said resistive nenory device including a :

menory cell and an integrated charge sensing circuit .

for said nmenory cell, said integrated charge sensing

circuit conprising: a digit line including a first

capacitor to be charged by current passing through

sai d BSisStiNE-TRERLY &ESice AUl inr;gllé%a read operation; a

circuit for nmeasuring a voltage ofr said first

capacitor and switching between a first state when

sai d wolrtegretedichgmgededsingtirany add e g RXEPEASgAsensing circuit
CIgredet_erm’ned threshol d vol tage | evel and a second
ORI E when said voltage on said first capacitor is

| ess than said predeterm ned threshold voltage |evel;

and a counj digif18ie i [ fi t id .

circuit is iﬁ?one ogﬁg%?gg??ﬁgﬁmag%égémghgiégﬁgC&Q@Bﬁ@“”ng

st atheought hwepisavepnemdetysrettidueihgperid dpefatibhyre. 17 LLOYD

W SE WO 2004/107349 - PCT/ US2004/ 015919 39. A

resistive EYe device. conpr.i Sing: an.integrated o

charge se ng?‘@‘cff’? i fl‘clu,n%aalngolfaﬁf &Gr* StRRAGr dBd SWitghing

Ci rigdtwten £HRPSth&iWln sAidNdiale bhR&id! £167 &Pﬁ&&)t% Ldefi$

capacitor to be charged by current passing tﬁroug a

r estredgteaninedriirgshold Yolugr ilevgl end @sutongetaat when sad voltage on said

Cl gty «.{agic?tror ?fqg%ﬁ{x%ﬂ%p%glcgca ?nc?inthﬁc%lxgldf\loitgéc level; and

capacl r an

a counter for counting a number of times said circuit is in one of said first

state and said second state within a predetermined period of time.

40. A method for determining a resistance of a resistive memory cell

comprising:

charging a first capacitor coupled to a digit line with current conducted through

said resistive memory cell;

comparing a voltage on a digit line with a predetermined threshold voltage level;

transferring charge from said first capacitor to a second capacitor if said voltage

on said'digit line is above said predetermined threshold voltage level;

discontinuing said transferring of said charge from said first capacitor when the

voltage on said digit line falls below said predetermined threshold voltage level;
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10

20

between a first state when said voltage on said first
capacitor exceeds a predeterm ned threshold voltage
| evel and a second state when said voltage on said
first capacitor is |less than said predetermn ned
threshol d voltage | evel; and a counter for counting a

i_me ald circuit is in one of said first,
roBpEEY sl sehP & cBing” chiParing. draniiediing o ABerinuina during
.period of tinme. 40. A nmethod for determning a
predetesningd dmsf periadeendt i ve nenory cell conpri si ng:
charging a first capacitor coupled to a digit |ine
colintifg 8WURIEr of BdY GaRAVJItREe %ﬁréa(ij(fé‘ibﬁ! Iif\@%&ééédéesa'fﬁamr y
cell; conparing a voltage on a digit Itne wth a
redeternined threshol d voltage |level; transferring
oBHEEER AR e VBtad: fovseE e osetestriing ki Rerdibr
if said voltage on said digit line is above said
predeterm ned threshol d voltage | evel; discontinuing
said transferring of said charge fromsaid first

AT APRGhEABd WBSSHdIngGo it Wh%élﬂ@léa@ \gietaéaﬁgeéﬂnea tﬁégﬂl@d

bel ow sai d predeterm ned thre evel ;

VOB RO TESRIE Ve PRV MGV i SRR RGEiaRg Vo ' an

predeterm ned tine period; and counting a nunber of

LLOYD WISE

'ofESietrwtagaiacu avefarenee witagaiinpuliof atcohipaeatexceeds sai d

predeterm ned threshol d voltage | evel during said
predetermned tine period. 5 41. The nethod according
to claim40, wherein said predeterm ned threshold

valtage, i s approximately Vcc/2-Vos, where Vcc is a
47 fﬂgﬁr&et{)g(? @ggcﬁ'dglgoto\c; em%/dso, wherein said step of transferring charge

comprises transferring charge to a connected to said digit line.

43. The method according to claim 40, further comprising discharging said second

capacitor when the transfer of charge from said first capacitor is discontinued.

44. A read circuit for reading a resistive memory cell, said circuit comprising:

an access transistor for causing a current to pass through said memory cell to a digit
line during a read operation;

a first capacitor coupled to said digit line for charging up a voltage on said digit line

in response to said current;
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of fset voltage at a reference voltage input of a

conparator. io 42. The nethod according to claim 40,

wherein said step of transferring charge conprises LLOYDWISE
transferring charge to a connected to said digit |ine.

43. The nethod according to claim40, further

i Si ' [ ' capacit.or en the
a FIBERI] Sirfilrtcr SR8 A Pkt SRR o SERERBE IpE AB8% secona
_discontinued. 15 44. A read circuit for reading a
Inpdorrecolingeisigrepee voltags, gaigi comnaratoomakingi axgomparison of
access transistor for causing a current to pass

valithge leyelssatisdidraparyd seddndtifputs ¢ @isbondd a4k SR & a first
read operation; a first capacitor coupled to sal

d
[ - I ] tage on said digit
oifiRidn RS pFi RO AR Tk e BRfiof DS Fobads Satgstenthan
¢l ocked conparator having a first input coupled to
saichfedergneg vollageeansha secanscaiputi statatif Said refersace ivollage is greater
reference voltage, said conparator nmaeking a conparison
thar saidaligivige \}cﬁmgé,s at said first and second inputs in
response to a first state of a first clock signal and

a Voq%l%q:iaggci@)éueiqst output state if said digit line

age s gr er than 5 said reference voltage and a
second output state if said reference voltage is
a fiypbswitah elemant respeansiveyia said fiest state afyzgid aomparmar for coupling
capacitor; and a first switch el ement responsive to

safthsatohtlcapaGitort® s&itl it FheCe AN B VoRthg& BH %éid{“tﬁgit A Shd

second capacitor to said digit line to Teduc

ool 3Gk Al St R A =R roriREBpIna g second
caggcl:i?or?r%?noggd digit line.

45. A read circuit of claim 44 further comprising a counter for counting the number of
times said comparator circuit is in one of said first and second states during a

predetermined time period.

46. The read circuit of claim 44 wherein said comparator moves to said second

output state in response to a second state of said first clock signal.

47. The read circuit of claim 44 further comprising a second switch element for

discharging said second capacitor when said second capacitor is not connected to

20



capacitor fromsaid digit line. 45. Aread circuit of

claim44 further conprising a counter for counting theoypw

nunber of tinmes said conmparator circuit is in one of
said first and second states during a is predetermn ned
time period. 46. The read circuit of claim44 wherein
Mo aLa ; ' ’ tput. state i
s g HoaRy sl Yool ShiciDe st BERG P aE bk Ehrate of
20 47. The read circuit of claim44 further conprising
said s@@BAtefwi t ch el enent for discharging said second
capaci tor when said second capacitor is not connected
to 20 LLOYD WSE said digital line, said second
switch el enent being controlled by the output state of
i 48 i it of claimd4
43R0 EREE! B caiPas el CORRRYRGsecle ST esment for
di schargi ng said second capacitor when said second
disehpging Gaid secepd capagiles whgntsaid serogd gagacitdr i4 hetesonsadtdd to
second switch el enent being controlled by a first

séid digiaPifned said@eesd §Jviﬂc§l{<el§irﬁzlﬂ|@bein? oAtreIRLINa Gil? elate of a
signal having pul ses which are interleaved’in tine

s_evc@oEQ clockRf tal,ts%iooélelc%ga C?Jckss‘rfldn%l B'a\%ﬁé p(L:J 58(3: I\(/vhslét‘l(':’e?r‘rzlal ihte%:elaved in

time with respect to pulses of said first clock signal.
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