WD 2004/ 107349 PCT/ US2004/ 015919 | NTEGRATED CHARGE
SENSI NG SCHEME FOR RESI STI VE MEMORI ES FI ELD OF THE
wo MGENTIZ@N [ 0001] The present invention rel at eBCT/0S2004/015919
menory devices, and nore specifically to an
I ntegrated charge sensing schene for resistive
menories: BACKGROUND OF THE | NVENTI ON [ 0002] Digital

INTEGRAEED EHARGE SENSING SOMEME FOR RESISTTVE MEMORIES
conponents and conputer processing systens. Resistive
menories store digital information in the form of
bits or binary di gitELROF THEIJNVENTIOMdsed on t he
resi stance of a nenory elenent or cell. [0003]

i R AT AT ETC ML T R
T A

sense the state of a nenory cell, it is necessary to

first select BACKEROUNDOBTHEENVENTIONeCtiNng the
colum line and row line, which intersect at the

desired nenory el enent. Once the desired nenory

el end®002d i Bigisalanempties areIvadels disedrishepmputers, compuiersystem

read b lying a read voltage to.the cell. SUWARY, . :
comRSmeTtEAT R ERIEF SRSGHPE TRECTHT QUSREYS MFGHRSS A291E Weital information
in th? 68,25 b Bied 8%[%{@ a%ies 0} egh b Le GNAAE on TRP$EarR e W TBnemory

or sensing the resistance of a resistive nenory
clemeh€dEl. | n accordance w th an enbodi nent of the

present invention, |eakage current through the

resistive nenory elenent is used to charge a o
capaci00fi3]coRssisave memiosy degies age configured dn amags where a resistive

clemig pagHl At OB gEIOPIate, romOU ey gng o line (digit line
or bi(L:i ﬂg?i Iﬁiforaercéoox%gcg %r GEHER Qfag%tg{e of\qllgﬁn{/cg'? cd? | it ﬁ%cgﬁ?{é}g‘a first select

ne exceeds a pre erm ne ue (determ

the de¥iréd fiexasty'\cell bageleaiid HadcdlOma 1ERERIG dw ik, Witich Mgtersect at the
conparator and an
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 memory 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 to 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 high state and the charge 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
1



of fset built-into the conparator), and when a | eading
edge of a clock signal is received, the conparator
wewtabmss t o a high state and the charge i s theor/usmoN015919
off fromthe capacitor wuntil the voltage at the first
input falls below that at the second input or a
falling edge of 1 WD 2004/107349 PCT/ US2004/ 015919 the
the dbdcdigsil gralirsodtuthst tivhe, theatorhparaor tsivitchengoar ltwostate and voltage on
switches to a | gw state _and, voltage on _the capacitor
the qaegw@ eginsutor brildhagan. If pndhe pret dask leadingicdee s Mgltage at the first

mpu? ﬁge ;c{)](%cnveltflﬁga% ntgé sdd3f théﬁ l:l&cI s rﬁtpgxiaa A excgcsdt% a lgjgh state. If

Seco | npu a goes

instedd hﬁﬂ:mo%ag& ®n tht firlt1ip@E lest Bgar@at 89 EhORHAE uipdts the clocked
input is Fess than that of the second input, the

compiraokesbntinupaitatoy outmiti Ahesnurhbed ofvimes hat thetlecked comparator
nunber of tines that the cI ocked conparator . sw t-ches

switghgs 50 3ihygh stagg evasadixed peripdpijine gan f £ I:PPP@déQrPfB@idC an indication
of thgcagapéea%? cu?rcg{,%xl Pﬁﬁm’ pATe LN aﬁ&é Ut the {ncinﬁgry Jakage

e resistafnce, o menory
el ement. BRI EF DESCRI PTI ON OF THE DRAW NGS [0005]

Q her f eat ur BREBIIDBSGRIPATESN GF TEEADRAGVINGBvent i on

wi || beconme apparent when the foll ow ng description

is read in conjunction with the acconpanyi ng

dr awi B@RQ5] n Qiier Iﬁﬂatlpl@s)@aql advmtaacsmzfrlgc pegsent ioventaeyr witl become

illustrating,the integrated ch esensm rcuit of
APPAF B o¥tng %sc PE%%F&‘C? ﬁ?ﬁllb‘ﬂc%‘g b‘Pé’d&Fc?ca?]mPanYmg
drav@ﬁ% X? e3|st|ve menory cells; [0007] FIG 2 is an

ary I ock diagram of a non- over | appi ng cl ock
generation circuit used in the present invention;

[0008j0606] FIG 1ais S€endtict difgrach Hﬂh@@i@@tﬁ&htééi@tcd charge sensing
operation of the integrated charge sensing circuit of

circuit & arl ¢mbndih@U0H] thE p@sert ingentiorexewpbd ity ap ampy oéresistive memory

SySt em usi ng resistive nmenory
cells;

[0007] FIG. 2 is an exemplary block diagram of a non-overlapping 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 column 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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devi ces including the integrated charge sensing
circuit of the present invention. DETAILED
WERBCRIBIY ON OF THE PREFERRED EMBODI MENTS [ 00184 T1/B51804/415919

shows the integrated charge sensing circuit of an
enbodi nrent of the present invention coupled to an
array of resistive nenory cells arranged at the

digiti liiiec2 G2 C M edo§fcell AObrin ad dressed (byi gt lind bBsindadigir kwe 20b. Memory
lines (word |ines). Two exenplary nenory cells 10a |

cells 39 and Gy eachringlde pe Aereys wansisteDs agd arpatasa@able regtance

[ i 15b d / / 9 di gi N
clemepf 30 5P kg PIRBF POUGH TS Sstr d0Tha P ag, st ghe circui
of &?#%F X QidvehtiBR i€86cribBIWith refitnc t%%cﬁili‘ﬂia.r} Q@crﬁglﬁgtcll 10a.

e an access transistor 25 and a programa
Althbegh shaisenteh enaastribiél belowl with tespactviol 4 gistigomeamrpkell, e.g.,
Vecc/2. In _the follow ng discussion, the circujt .of
resistivieclomens 30 wirigh if acsessed withisar 305esy transistaredSe thé Hepgon can also be

ex | ar renory cell. 10a Al t hou the inpvention is
adapfelE B pek O St fehiade for At R Bs P s e & current
thro&ﬁh L seRcd: mefm®Py Sleméhit gl sﬁggﬁ‘éd &Pcaphakiedy 75 accessed
th an access transi stor , the invention can al so

be adapted to work with other techniques for
accespOObl } hdnmeoordancewithahe pessgntinvention rtigit lineo2@d 20b, 20c¢
a selected nmenory elenent is supplied to capacitor 75.
and PO p1q cach conmseigditod igpRestivh integratedithargr sepsingfircyit o such as the

one HER coPOETFhFL et Laf ST E BBETRGS Tt ek faisstors such as

20633 Mba%urém&lé{mm LR 1&h&fof LedliBhdk 1'ob§ Qnagain%hi Qyakd
respective colum select transistors such as Ob- 1.

compraser £0rstt meisueingtthd bufrent lesleeldhobugh freadhgackll 10apwhich is stored

I ncl udi ng a_cl ocked conparator 40 for neasurin%,the
on acdigitdine capagiiad 75h Copagitaretfois woupled toon firspimpuy gtgomparator 40.
stored,aon a digit.line capgcitor 5. acitor 75:is .
Contpsiien 4008 pi etk e it SRAG L yolPige, 5 S hSiesdmd i, which
also 2eives B&@%&&l{%@ lettag%Vn Jt 8L B@lor@irfce Shidty Bl GSeati PSS Be circuit of
its second I nput, i CH “'al'so receives a reference
the prebémdaveitivon? compaatontd amkes ncomphtisoogehaimenlogk signal @,

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

voltage on digit line 20b and the reference input (Vo /2)-Vos. When the voltage on digit

line 20b exceeds (Vo /2)-Vos, the output of clocked comparator 40 switches high. The

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 falls 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 time
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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t he present invention, conparator 40 nmakes a
conparison each tinme clock signal c1 (shown in FIG
w@oogoes4hi gh. At that tinme conparator 40 nakeBCEHUS2004/015919
conpari son between the voltage on digit |line 20b and
the reference input (VCC 2)-Vos. \Wien the voltage on
digit line 20b exceeds (VCC/ 2)-Vos, the output of
capaditon J1beebntivmes fart ppredtesmirtedprsiad oftimEhBuringghisquedartrmined

periofpfBL 4 VT N 4FaTIeH A cobais Al IbY 1o A5Eh ropaiigns afcomparator
; . Lior 45 The hi
40 B B P I3RS FRh M ep e e

preddtB@nined e périod Rerepiedéritativd6f 4 Adsistanl€loP¥he memory element 30 or
(VCC 2)-Vos, or clock signal (D1 goes |low, the

cell 1@anpar at or 40 out put goes | ow) opening swtch 42 -and
closing switch 60 to draw any charge on capacitor 45

h ti | ock . si gnal (DL hi gh,
B e RO L e
A S AL B0 SEREADSTEphd LB acior 75

may B¢/ Bitcre®d cARAMNSF, Al Pirastik EABicdie!oPthe diPEt RAO6ES Sofibination of the
di schargi ng and recharging 3 WO 2004/ 107349

two. REl IRPRORAGHOYR - /2 aPaké hkimoky cERahd B 2 Sthp#rator are physically

predet erm ned perrod of tinmne. ring thi

tied BEEARE CAIMARE, swiedH 80 isCpdrhddB vﬁm&oﬁﬁ@t&frgﬁg’of &ﬁ?ﬁg{cﬁ'dio goes low
and counts all Towto high transitions of comparator

to dra@ chiige anucdpacitoaf 45 torgsourelyplrabpendblagsiapadtg 45 eoragain draw
low to high duri the predetermined time periaod is

chargedppracapaciior v whetswisdh 82 andescst In e alfsatye smbhadiment, switch

r [1..10a. 012]. 1t is noted.tha 01 t, |1 nes
60 mz2 68 opsPid bT 3 omplinPhisbinafa eliphie Toek epayRER£1C. 3) to
clockGHSHa8 W, (SRR Ed BEG! BY BYgR tie menory cells and
accordingly capacitor 75  may be a discrete capacitor,
a parasitic capacitance of the digit line or a
conmbi[081B¢n The chargingumd dischagmlgssf capaatbrtAbaind/&aléive
at .the menory cell and at the conparator ar

dischprging eheappcitey o is igplemented sath syvisehes 44 mchgé ovhigh, as shown in
FIG. 9P ggtatto%gth\@,g % c}tngr R cacfvfaci%c():)rrq)gj‘{(gJl b di%?t RS alxlgc\{*vnativcly to
ground depending upon the output state of comparator 40 or the state of non-overlapping
clock signal @, if ﬁscd 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 éounter 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.



to draw charge on capacitor 45 to ground, thereby
enabl ing capacitor 45 to again draw charge from
w@apaaoBey 75 when switch 42 is closed. |In an PCT/US2004/015919

alternative enbodi nent, switch 60 rmay be operated by

a conpl enmentary non-overl appi ng cl ock 02 (shown in

FIG 3) to clock signal cl (shown in FIG 3) being

r ead. [qUIG3] ATdigitalealus campartsodiis pedomgnethonthe winc N stored in

75 se).ective dlscharglng of capacitqr 45 is
courﬁt?rpf?‘gﬁ%ﬁ feahivelie spmragisn dsvigh 40 6o dagsranne astheradof the

-1y npect C|tor 45 t .

predficiniedt 53 pEASEIIEE ARy, I R IRE R RRE R pmP R el 102 s

abové R rbcldw a Qﬂfeﬂhléld&hﬁiceto(l‘ict@&ﬁﬁ@ ifdhe rrcﬁﬁaﬁlfc it ABowd &t SCIQR' a
non-overl apping clock signal 12 if used to control

predetgimutedo@lucTionsdicgtd 4 logik ome ohe legit zevol statappr eci at e,
with the benefit of the present description, that the

ai't 1 Sl ﬁtailt"cgcrﬁﬁl”aﬁsg CmpPoRBSir B PressRORSEOHGn it digital
valuesgﬂrbé%gs? #FCI ustr g&egg&?ﬁo%ﬁ%téé échlr'?rccw ¢ E\?ﬁn {hn ftow)wmg manner. A

high RESGE@Me valueediid Olow Kesistigice ivakike WiREe FRLOOWEnSSryQell are known in a
controlled by an enable "EN' signal during the'read

grospensed Thupdor exampls, 4 hghnmtrencmvaluc: imglst B¢ telpatsented by a count (N
ratpor, 40 goes | o in a edet er m ned
Valu‘féé{m’o@lﬁf 2 [qWrEeSistange v ﬁfug Eg r?mmecf EY Brcapst of fral

sk sSSP BB A A L) LERE Boel I BB llremine e

1og1cAtﬁbgifmésef@wm&mPg&enson is performed on the value N
stored in counter 65 by a digital value conparison

device 70 to determ ne at the end of the
pr edditlfilneFIlGeads perexanplafy bloek dilgrmem Nf aaroh-ovakpping clock

resi st ance oL cell 10a is . above bel ow,
genefpE SO RNEGIRIEHE IPFERERR 1 @epdHcsBeand O, clock signals,
whicﬁga.g%/ gorﬁhleg?én%}@y%dg{o%d8&&&?&3&{%&1&& Hgnzgl? | ndicate a

e or "'ogi'c zer

[0018] The oscillator clock 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 inverted 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 signals produced, for example, by the FIG. 2 circuit.



[0016] In an exenpl ary enbodi nent of the present

invention, the digital value conparison device could
wopmratBs4d 0 eval uate the count N in the foll owa@mus2004/015919

manner. A high resistance value and a | ow resi stance

val ue of the resistive nmenory cell are known in a

gross sense. Thus, for exanple, a high resistance

val ug oWt Thefeire ehfRidistilty eRariplB bf (¥ civaliteperafiod depicted in
and a |l ow'resi stance val ue nm ght be represented by a

FIG.cd Untthe bop@mumostarxdinpld, the sesistnss hnithie memary otll issmaalh In this

. b sed. b j .devij 70, t t ' th . .
instanesy chgit lint 20B Dol s BRI ABIELY e Voo RaisEryscrese ip very lirde
rcsistléf':icca NiEE iR oW \tﬁfé@t‘ rrlg%r %ghator? 5“855:%&? L APEIIE comparator 40

0CK "~ gener at or used 1 n tne present

outphPYECUNPOUT) kb pdsigh (fRequanty QMtﬁingkdiFitgﬁﬁl c@pacitiZshpulling
are conpl enentary and non-overl appi ng cl ock signals.
digit[lp@ 28)b [ohe(towaids| groundk; [Tdekcampayator B1eputs( GOYEr &UT g, therefore,

. one t i nal, of NAND at.e 500. The,. ascil l,ator cloc
““m%t%uffr the GFRAtangEds VY § ’f%g’éﬂ%’d de%laﬁr‘s&? ﬁaﬂ\f’@wfﬁ?e pulled
d /5 GPN t t ' : .
oo 352 RN DAL o Ghod 4Rk b vy e
the donyRirited isdlGckedV Bi tes tsbide, theZefleodis 36 4onsidifitly pull charge from the
respectively. The outputs 511 and 512 of the dual

bit linaverters (503, 505 and 504, 506) are each coupled to
a respective inverter 507 and 508, and are also fed

back ti t. d t i nal of NAND tes.
S01 AV 8do. T rberiedE SRl CuBTepdL EI B PBTERns very large.
on. | anoi. . , e
o fE 5 HEE PR AL R BRI P2V, Bibuse of e
highe&§t@hde) theOdigidlthe salegfslowhalb 4k t6ENSl/RgwhidiCetukescdomparator
FIG 1. (D, and 12 (shown in FIG 3) are the two

outpao (GOMBHBIL) toaathanplovomest abdiertimel ock si gnal s
produced, for exanple, by the FIG 2 circuit. 5 WO

200l READ SETLURORUOleats [O0El Mookt e (Aot
intermediate range. Comparator 40 fires on the rising edge of @, and a comparison is made
between digit line 20b and V/2-V,. If digit line 20b voltage is greater thanAVCC/ 2-Vos,
the output of comparator 40 (COMP OUT) goes high. If digit line 20b voltage is less than
Vee/2-Vos, the output of comparator 40 (COMP OUT) remains low. The output of
comparator 40 feeds clocked counter 65. Comparator 40 fires on the rising edge of @, 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 @, pulses, the voltage at the first input
of comparator 40 is lower than the reference V. /2-Vog 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 Vc/2-Vos and another pulse is produced at COMPOUT.



FIG 3. In the bottomobst exanple, the resistance in
the menory cell is small. In this instance, digit

wo 2ova/1@8Iw (bold line) is pulled quickly to VccP@r/us2004/015919
because there is very little resistance, which [imts
how fast digit |line capacitor 75 charges. This causes
conparator 40 output (COVWP QUT) to go high frequently

resultGO2B i NIdisFoked, i Qll Gagpacdes of cothpirutdridi@putddfbde /high allows
line 20b I'ow (towards ground). The conparator output
the digiOhiRe Cupacjtandee’ B todischarge nésultinglin 4 Yoltage drepi Thamsistance of the

e e BB S S5 s
f t L) [ ' .

exanfblc AORTHR AP sbfoan i S RALBIENL ST, ahicRly I he middlc

exaniple G@fte! EH¥ deistatbd isGOPrett thaitikes a veht lonigtine kPR lthe voltage up

I'n the m ddl e exanple, the resistance in the nmenory
over ¢tla¢ threshold layel Avalyps. In plh exdmples,rouatre5 dhygits ohithe lading edge of

i i ul l.ed 1w to ,bel ow \Vcc/ 2-Vqs. Because of
the QMG BrBE] eiing B pRaCaramed el PERa soeeatirsa aluc

- Y, i auses conparator out put

r"'pr“?li%@#gﬁﬁ%g?%ﬁf%ﬁg‘f‘%"}o Cﬁlgété of the time. [0022] In

the topnost exanple, the resistance of the nenory cell
i's i o0R4] nAdthoRghRIG. Bash@gens dperatinadfthe 41G. i1r @fcu@tifor three
the rising edge of i1l and a conparison is made
exenipddryeresisteiiagi vialudspia 208 digdal\irsiis Yoly. twid regisginte btiates are stored in
20b voltage is greater than Vcc/2-Vos, the output of
the peRpst <llsr 40 (COMP OUT) goes high. If digit |ine 20b
voltage is less than Vcc/2-Vos, the output of

conp 4 ()g]gﬁ’ enai t .
c_on‘pgl:@%gr] 4%I_§:'é_e susc o%sk%dé;%gﬁﬁ%ég%w_%%%%g a?gt‘}:odr?jc ‘XBJCh uses a
resistivd @ity dBdicé téﬂnﬁﬁsiﬁ@&ﬁ iffegrdddd @Barge Rehsiad Edcdiy it f€@ordance with
dotted lines at the rising edge of (D1 on FIG 3. That
the enshodimentseofrthsipneseatigwennén diselos¢d shovehinsonpetsmswith FIGS. 1-3.

|1, a, conparison.i de and the digit line is greater
The pR3gsssybBtep 400 ipclpges 9%%@105%5@6%?80@% mpl%@. Q éiocal bus

ano r | i . i
404 SRR ORAENAg) P b G 8 S L e ot s
404t The pROERGRG 8Ystéet00 may irchid multipl€ atpéiicohudllessst02 and/or

| ower than the reference Vcc/2-Vos so t he COVPOUT
multpeprimary 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 memory card or a
memory module and a CPU. Examples of memory modules include single inline memory
modules (SIMMs) 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 memory 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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during this period. Finally, on the seventh Cl1 pul se
the bit line voltage on capacitor 75 is greater than
wo be4nef’ey ence Vcc/ 2- Vos and anot her pul se i s peDUsSEH015919
at COMPOUT. 6 WO 2004/ 107349 PCT/ US2004/ 015919 [0023]
It is noted, in all instances, a conparator output of
one/high allows the digit |line capacitance 75 to
cachgimemmeny 05 cKurthe preressingisystam 490 ineloge petipheralsiostcantrollers which

L I A —

r I e .
may O Ao 1y TR et iR Hhtr BBl B iy coupled o a
pluraliep of irhtsty ibhiseod @, ath hivatorytbus 0TSmay be bpet@did pdikllel, or
~_to pull the voltage u over the threshold
differeay aflflsess ranges magibe rasppedl tosdifferson momey losest@7.0n t he
| eadi ng edge of the COVWPOUT pul ses during the

e S i B 8 ks R Pl BufD sy npngriphera b
410.%8&’9&\5&@} suchS %%Pﬂaﬁfs%'aﬁait&fr}ai Bs Eh@gcs]m% bé l&){lplcd to the
f y I N"°nos

or three exerrpl a esl st ance val ues,

periptiicgil thak 4¢0r CItidss devites hipinchsdesd abeagedoatetleAt 81 54 AhiRellancous
in the menory cells. [0025] FIG 4 illustrates an
1/0 dewspattya pecobdasi bus 5 @onwitina¢dia peecessor 418, and an legacy

e B S 5 SR A e D S o o e speci
porp SR TRAL O 422 BRSSRN,IVAIRL AR, SCLARRI OB purpos

port Afight be thed&scetsiatedrGraiphies PoPC@ESPY,uséd to e@g‘;ﬂk QchiER parformance
| ocal bus 404. A nenory controller 402 and a primary

videqpepsdispithe prargssing eystdm d00oupl ed the | ocal bus 404,
The processing system 400 nay include nultiple nenory

t 2 d/ tinpl imary bus bridges )
205, (0% 37 Rines boneblcrol 1Rt Py ges devices 413,

. ' 4 i S ' ] 4
o B 082 TS 4208 BLOBLE 884585 Dncor a1
may bée SUSIrsoherolieimatd storage devices 413 may be SCSI discs. The I/0 device 414

may be any sort of peripheral. For example, the I/O device 414 may be an local area
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 additional 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

processing 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



buses 407. Each nenory bus accepts circuits such as, a
resistive nenory device 408 which include at |east
wWon®m4a0m3aeui t using the integrated charge sensiPQI/US2004/015919

circuit of the present invention. The resistive nenory
device 408 may be integrated with a nenory card or a
menory nodul e and a CPU. Exanpl es of nenory nodul es

persondl CbHipaitéd YA Kokltkdtis, shiould bébcbolized Thid\Mell RAGwH WRbdifications
inline menory nodul es (DI MVs). The nenory controller )

can betgRdrag cahfgutsehe pupdessing syssers #d8etorkneome moE: suitable for use in a

SRR 95 T e e onl v CEES UEIBIY LD L i e
eSS S RSB SO g o
resistivd Bfbnldy W 0icP@D8URA 4 mikkhSdDbuffracleeicers®sy 405. | f

the processing system 400 i ncl ude peripherals or-
controllers which are bus nmasters or which support

di r eE@03RhorWhie tessiovemiay) hag brenmaseriedcant dlgstrated 40ich reference
i npl emrent .a cache coherenc otocql, If the . .
to speRlg P MR FOOSRR05, fSheUi v 20 shf mepy jpoghfications and
. . 407 .
s R 855 0%y ATRE b o s BERRTGa fbnion
Accordbiiide,dht invitintibarie nbt reb®cynsidiged adBrhited HyGbe fdregbing description
primary bus bridge 403 is coupled to at |east one
but ispady imated|bypthe scapeof thigraippersdetbeliionss, such as
peri pheral s or additional bus bridges may be coupl ed
to the peripheral bus 410. These devices may include
a storage controller 411, a mscellaneous |/0O device
414, a secondary bus bridge 415, a nmultinmedi 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
processi ng system 400. [0028] The storage controller
411 coupl es one or nore storage devices 413,



via a storage bus 412, to the peripheral bus 410. For
exanpl e, the storage controller 411 nay be a SCSI
weoninaisker and storage devices 413 may be SCSRCTUSDHS4/015919
The 1/ 0O device 414 may be any sort of peripheral. For
exanple, the I/O device 414 may be an |ocal area
network interface, such as an Ethernet card. The
secondary bus bridge 415 nf)-BMlsed to interface
addi ti onal devices via another bus to the processing

e an i el BRI Rewia A S FEREDE riEFisd b B P of the

Unit€®8k& is:USB devi ces 417 via to the processing system
400. The multimedi a processor 418 nay be a sound
card, a video capture card, or any other type of nedia
i nt-eAhartsgrathd changa yemsimgcibanit forapesistiteomemery device comprising:
addi ti onal devices such as speakers 419. The | egacy
devi c .Lnﬁﬁrfaﬁg ézo E? used to coupl e | egacy devices
421, 2 A7 BRQADFRCE 6P & St<RPRE keyboar ds and nice, to
the processing system 400. [0029] The processing

Syst gebAarabt diplad &fsdid dlidiGind d inflY | id digi
pr ocessli‘h%g Systam W ﬁs%ﬁ%%?#rﬁ%ﬁﬁ%é%@é én said digit
line has egcectbd b préddEerndined thtlicitielage Rivel; 85idi ddghparator having an

architecture especially suitable for a general purpose
outpytofpighswitchechetisen adirystato ovienoABY 9ol REE/ dussid fif® L eror exceeds

i g RS R S b g o s

capacit®r RS GHh Raii PEPLRRERH %éﬂélﬁ%lég? &) become nore
suitable for use In

a variety of applications. For

exanpl e, many el ectroni c devices which require

pr ocessiong aapycitdrevhialp iserentadly wonngctad sntdpligonnected from said
.. architecture which relies on a CPU 401 coupled to ]
digit ﬁgg pased Pt puersiiof said semnsgiter, saishiscone gapasitor being

IS et G A
secorRI@PREIRS YD EAP ATt SR Sed frBrrf)gsﬁ?cly th{%itbﬁ'léj@ﬁgﬁ §;gg Qﬂl&%@@éf said

many nodifications and su I ons can
compardthoistindespeond mgtd,andh t he spirit and scope of the
i nventi on.

a counter for counting a number of times said comparator switches to said first

state.

2. The integrated charge sensing circuit according to claim 1, further comprising a
digital comparison circuit for comparing said count in said counter to a predetermined

value.

10



Accordingly, the invention is not to be considered as
limted by the foregoing description but is only

wo povstied4dy t he scope of the appended cl ai ns. BCEMIB2004/015919
2004/ 107349 PCT/ US2004/ 015919 CLAI M5 What is cl ai ned
as new and desired to be protected by Letters Patent
of t United States is:.1. An integrated charge
sensi nEhE ARtEgFated pharge pensing ?%“%ﬁ@@ﬂlé@icl@én 1, wherein said

predgSiCS hftsnofl MU 10yel'S o BHRRR O Re % grohsrh Y ep i « supply
volta@@hﬁd Vi Risth d)lffsc@ vﬁﬁﬁéca&tea R¥erefded dlia gl: finpdt Jf%allaar]%m%aé?té)r

exceeded a predeterm ned threshol d voltiage | eve
conpar at or having an output which swtches between a
first state when said voltage on said first capacitor
exceeds said predeterm ned thr eshol d voI tage | evel

and con when sai d .vol t S first ..
capa I f’ thgfaégi etﬁ’fﬁ?l SRS ﬁcé‘bte‘? %n‘%F%Fééﬂ'@PéFsmg a first
itcM bt A8Gnh@ '
SWItc:connectreld gﬁ%”ﬁ?ﬁc %necfﬁﬁegﬁgﬁg éﬂgd&glgl ﬁkﬁﬁ%ﬁ g%é d
capaditoo tbasai wpauiaid bugiutsdistidoc@mmmiraioer , said second
capacitor being connected to said digit |ine when
said output of said conparator is in said first state,

said second capacitor being disconnected fromsaid
digit line when said output of said comparator is in

t f nt nunber. .0
? | ?rggoggf g&t@% nﬁ%cf g?arg o%?l&]ecé%cu?trofc zu # Ir}%gt?‘cr gct)rgpgsmg a second
switcB forT Bﬁchﬂ%ﬁ%rsﬂiﬁﬁcém&%cﬁsp%eﬂ sﬁHrse&iﬁd ﬁ% G6ESH B9idBnnected

claiml, Turther conprising a digital arison
ﬁmnsmdahgthhar conparing said count in sald counter to a
predeterm ned val ue.

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 claim 1, wherein said first cépacitor 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



10 WD 2004/ 107349 PCT/ US2004/ 015919 3. The integrated
charge sensing circuit according to claim1, wherein
we a00d/1pm3edet er mi ned threshol d vol tage | evel i SPCT/US2004/015919

approxi mately Vcc/ 2-Vos, where Vcc is a supply

vol tage and Vos is an offset voltage at a reference

vol tage i nput of said conparator. 4. The integrated
charge sensing circuit of claim1l, further conprising
afirst swtch for alternately connecting and

 CapadPrERe betrt e sepsii cHATAY Lelmh T cWhgrsinugaid output of said
com atEEfs L ROfRE &thciHQ-Eg);%éﬁ%ﬂ?ia rﬁgstggﬁ%\%éuag fg «ﬁalt?xj tRarta reference

I
urther conprising a s n Sw t char gl ng

voltag@irpis ae drtinepscearremdeest Shrselcldek eigtalCa@pdtdmandsaid output of
. disconnected fromsaid digit line. 6. The integr.ated
said qeimapagatos éh §2id geeandeginte infresploapatol saidhfient dpputseing less than said

e GEIRER o t OESE AN LR A SRR Lo

i ntegrated charge sensing circuit of claim1l1, wherein

said first capacitor is a discrete capacitor. 8. The

i ntegrated charge sensing circuit of claim1, wherein

said first capacitor is a parasitic capacitance of

sai dldli dike ihtegeated chiige sendieg cimtidd of tlaingd 05 ehstdig said output of

., circuit of clajm1, wherein said first capacitor is

said qoRpArarog issigy satdeseeand siatoin tepppnse arssrend clogk signakisensition.

of said digit Iine. 11 WO 2004/ 107349

PCT/ US2004/ 015919 10. The integrated charge sensing

circuit of claim1, wherein said output of said

conparator is in said first state in response to a

firs12]Theintegiabd @aegé Sonsingadircait SH @A AL Svhateint 88 ply voltage is
Jinput at the tinme of occurrence of a first clock
applied ynamamenysielliofmaidansdstairdemotypdeviaf 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 a 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



said conmparator in said second state in response to
said first input being |less than said reference

wo odotagns49 nput at the time of occurrence of sarPdr/i$7084/015919
clock signal transition. 11. The integrated charge
sensing circuit of claim 10, wherein said output of
said conparator is in said second state in response to

threshoklevainge ddvet knd  gevindt stap svtenonid ddlraghom said St aspditor is less

charge sensing circuit of claiml, wherein a supply

than gaifl ipaegteteraning %ﬁmﬁéwldd’ogaﬂ%lﬁﬁﬁlya’é‘él | of said resistive
nmenory deV|ce and said supply voltage is further

appl I%r%gi'%trcr ?(1{3 J%%C%??lér%&)gfgﬁuﬁwﬁP W s cﬁjcgut is in one ?f said first

conp arge Sensing ci

state 3hd GhifisBdnd WRR WitRin Sﬂgx‘idﬁé?&méd M dCEf GRARPY | ses a
menory cell connected to an access transistor. 14.. An

i ntegrated charge sensing circuit for a resistive
menory device conprising: a digit line including a
first capaC|tor to be charged by current |eaked

(11 o8 8o ThefCerited Bate ¥rgng it Eéfé?@ﬁggtﬁf@m"mof‘éﬁfﬁm
com ﬁ 1ta?@gm§‘ﬂ1§cﬁh Lg:.gnt f*&?tcléﬁlggtgg Bl dogihe 8 85& c&@ﬁﬂ%r toa

sal age on said ' n aclitor exceeds
prcd&&ﬂﬂﬁkdrvaid&&@ deterniibe ZQGgik a8 4P s ddt2y 41101591 9
threshol d voltage |l evel and a second state when said
vol tage on said first capacitor is less than said
predeterm ned threshol d voltage | evel; and a counter
for counting a nunber of tines said first circuit is

ino said firs state and said seco t.at .
w R ol ReRral Rt ePT B8 CUF O et e O (i P4, wherein said
first bﬁt\l@tglh@iuﬁgs & RBARrR6P R nipakin 'thc 36RLEAbAGaill First @pMitor to said
4, further conprising a digi conparison circult
predétefmmdrxhreshglchvaimgnﬂcmh sai d count er to a
predeterm ned value to deternmine a logic state of said
menory cel |

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

voltage and Vi 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
switch for alternately connecting and disconnecting a second capacitor to said digit line for
discharging said first capacitor 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



16. The integrated charge sensing circuit according to

claim 14, wherein said first circuit includes a
w@ompaostor for conparing the voltage on sai d PET/BEE2004/015919

capacitor to said predeternm ned threshold voltage

l evel . 17. The integrated charge sensing circuit

according to claim 16, wherein said predeterm ned

t hr eEhol ke ipsegratgd ghatgs sepsingsieaix iofslagnyl 6/odiezeinsaid comparator is

ere Vcc is a supply .voltage and,Vos.is an. offse
clocki§} £ peiiGisa PamBRBIATLINEPRIIE 5 ARk BRing Lo 4 bt sate
conparator. 18. The integrated charge sensing circuit
of claim 16, further conprising a first switch for
alternately connecting and di sconnecting a second

capacitor to said digit line for discharging said

fi r s20.cBpaiok¢gratedaherelsonsing wirouit pfitlaoh 1dgiwtherein said first capacitor

i conparatqr and a-second swtch for discharging -said
is a disgretsdPadfci t or when said second capacitor is
di sconnected fromsaid digit line. 13 WO 2004/ 107349
PCT/ US2004/ 015919 19. The integrated charge sensing
circuit of claim16, wherein said conparator is
cl ocked and perforns a conparison in response to a

cl ocK . sTitgnategyied ghtfpeasehding irdhi@be cladh-14] Rherein said first capacitor

) integrated charge sensing circuit of claim 14, wherein

is a pagggitic ¢dpasitancgpdshidatigitiisea di screte capacitor. 21. The
i ntegrated 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 claim14, wherein said first capacitor is

bot Ipa Mcﬁﬁf@ér&cﬁ@:ﬁ@%?s@ﬁr%ig@ ?ﬁ?lgg r@g t@fé.iéﬁ G, GARAGH SBAFRst capacitor

of said digit [line. charge sensing

is bothiardisdr¢te ahpadiair And %, panksitietapasigint c @ftspdtdigit lingai d
conparator 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 sai d out put
of said conparator is

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 said

clock signal goes to said first state.

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

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

14



low in response to said first input being | ess than
said reference voltage i nput when said clock signal
w@omg/1bs4sai d first state. 24. The integrated BAEHUS®04/015919

sensing circuit of claim 23, wherein said output of

sai d conparator goes | ow when said clock signal goes

to a second state. 14 WD 2004/ 107349 PCT/ US2004/ 015919

25. 2he Thotintpprited chirgegensegsirage of claim 1 4pfvhetein msigply voltage
. Fg@g&gi n a suppl 21ol,tage_ is applied to a nmenory cell
1s ap iImeROry £l ef spidersistive nesrory sleviss jand saigsiupply voltage is further
_ . ' . a ied to a reference voltage
apph%%%?g%#cgg% gafé%rplgpgfgbmg&)m%ré{ Tt egrated charge

sensing circuit of claim 14, wherein said resistive

menory cell is coupled by an access transistor to a

word line and a colum line. 27. A nethod for .

determ ning a resjstance of a resistive nmenory cell,

conp?$ sFagintegratashehgirgryseasinigraitcuis gf sbiimok4 , wihdreiousaiderssistive

conduct ed t.hrough sai d resistive nmenqgr cell; b) .
memgy Cellif FOURICq B RBJECRsA CRBSIROF o & Wraritci ik sliingine.

predeterm ned threshold voltage |evel; c¢) discharging

said first capacitor if the voltage on said first

capacitor has a predetermned relationship to said

predeterm ned threshold voltage |evel; d)

di scantAmithgdfar detdimininag giresiptafce sdiadrefistivetmempag télr

e).repeating steps a) through d) during a
compsiSgiget er mi ned tine period; and f) counting the nunber

of tinmes the voltage on said first capacitor has said

R T R RE R R—

cell; deternmne a resistance of said resistive nmenory cell.

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

voltage level,

c) 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 stepsv a)

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

15



15 WO 2004/ 107349 PCT/ US2004/ 015919 28. The net hod
according to claim27, wherein said predeterm ned
wo booeabmskel vol t age i s approxi mately Vcc/ 2- Vos, paiheEsm®04/015919
Vcc is a supply voltage and Vos is an offset voltage
at a reference voltage input of a conparator. 29. The
nmet hod according to claim27, wherein said discharging
| 38 AaTRE Aith6d @€torlin oGoQding2 2, whértiisaidBPredttemindédrdtteshold
according to claim 27, wherein said dischargin .
voltagedsippprosgnatolypV ¢ar@ - Vs, sdeonl ¢ spassipphr vmlcagaindg‘(d)srlsan offset
capaci%cor. 31. The meté)félod according to cl ai m 30,
voltage At @HEITCISAONAEH RNt & RLOHIDMAICRI d second capaci t or
during a time said first capacitor is being charged.
32. The nethod of claim 27, wherein said conparison is
perfornmed in response to a clock signal going to-a
predeterm ned state. 33. The nethod of claim27,.
wber ditie meihddf dcestding paclain 27, svharedn saidetiehargiag it acomplished
34. The nethod of claim 27, wherein said first
by Cloéialfga?c?rwltﬁh-i S a parasitic capacitance of a digit line.
16 WO 2004/ 107349 PCT/ US2004/ 015919 35. The net hod of
claim 27, wherein said first capacitor is both a
di screte capacitor and a parasitic capacitance of a
digit line. 36. The nethod of claim27, wherein a
r 86 UThe &cthed dc&RARA! doS@ini 37 ORBereROiaid dBtRdrBind&inprises coupling
said first capacitor voltage 1s greater than said
a seconldreaphatat tochidofyst tapacitorand a result of said
conparison is another logic state when said first
capacitor voltage is less than said threshold voltage
| evel .

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 predetermined 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



37. The nethod of claim 36 wherein said conparison is
perfornmed in response to a clock signal going to a
we@emdavBaa ned state. 38. A conputer system copQI/USiongoi15919

a processor; and a resistive nenory device coupled to

sai d processor via a bus, said resistive nenory

device including a nenory cell and an integrated

charge $RE$hHoqidFeHith F70%whadifl saitERRY dpa&itdn is %Hﬁja discrete

i ntegrated charge sensing circuit conpr|5|ng a digit
capacitbfiend apatmititgapaditans¢ of adigit kme. t o be charged by

current passing through said resistive nenory cel

during a read operation; a circuit for nmeasuring a

vol tage on said first capacitor and switching between

a first state when said vol tage on said first

Capg? 2‘(}} %&ﬁgﬁ%ﬁlaFR{ Herlh X sdlp ng)Qh&%gﬁ one logic

| ev a secon en sal age on-sal

state Whef a8 FRACdapAEitdrvoltage ist graites eath @I&ﬂﬁ&ﬂfdlﬂ n6ldage level and a result
t hreshol d voltage | evel; and a counter for countlng a

of Sald lstn’mpanecbn fsi axmh@aloglccstatc wihenisgidi firsoeapaciforselenge iig kess than said
te and, sajd second state within a predeterm ned
thrcslb%‘ iVoltags let"ﬁme 17 WD 2004/ 107349 PCT/ US2004/ 015919
39. A resistive nenory device conprising: an
i ntegrated charge sensing circuit, said integrated
charge sensing circuit conprising: a digit line
including a first capacitor to be charged by current
passBng THelheouigd of daimi 36 iwherdire sad Y onfpalisetuisi pegformeddd response
operation; a circuit for neasuring a voltage on said
to a dlockstignsd gaing tr a prdetamingd sigte. bet ween a first state
when said voltage on said first capacitor exceeds a

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.
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predeterm ned threshold voltage | evel and a second
state when said voltage on said first capacitor is
wo ewg/1o3an sai d predeterm ned threshol d vol t agect/esm®h4/015919

and a counter for counting a nunber of tinmes said
circuit is in one of said first state and said second
state within a predeterm ned period of tine. 40. A
nmet hod for determ ning a resistance of a resistive
menory cell conprising: charging a first capacitor
coupkﬁpséo a diﬁ%t line with current conducted through
sai d Yesi* SEHRC MRIBPY L9e: COPRFRE ng a vol tage on a
digit line wwith a predeterm ned threshold voltage
|eve| . I q . . A 4331 i i. r. .
o a BankseBted ehirgBde e Gt S L Bt thaliR R b ircui

comprisingi s above said predeterm ned threshold voltage
| evel ; discontinuing said transferring of said charge
fromsaid first capacitor when the voltage on said
digit |ind gigrtligepreladings frspeapaciter v becharped biicherent passing
vol,t age | ;.18 WO 2004/ 107349 PCT/ US2004/ 015919
r e%lé%?geth 3 %éslszglﬂgc SYEPEY, o?ﬂc(iﬂf’ngﬁ hif2d QReEHIhg,
transferring and di scontinuing during a predeterm ned
time peri@dircaftdof RieBddrg AvEleBen Qiid BiRIpRAO and swirching
voltage on said digit |line exceeds said predeterm neJ
t hberwieon d firs| statgaviemsald whitdgeprsaidifipe eapicontxedds & ne

P dEieutiicdhrebald THligRdris! 204 p esend satsgphaxtadrelige on said
Vi - ) Y/ ' . | t Vi '
ek AL Yl B BBt Pl BT B o8

conparator. 42. The nethod according to claim 40,

wher ei n saicdufite@FoPéodntipss BLMbRE of ARl Said AIRItiS BSone of said first
transferring charge to a connected to said digit IIne.

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;

18



43. The nethod according to claim40, further
conprising discharging said second capacitor when the
wo ea@nsdBre of charge fromsaid first capacitor PGI/US2004/015919
di scontinued. 44. Aread circuit for reading a
resistive menory cell, said circuit conprising: a
access transistor for causing a current to pass
t hr otapleasiag shidsreps pf cledriging) campdrigg} trhnsferridgrandgliscontinuing
r ead operatlon a first capacitor coupled to said
duringj Hprede t@ﬁ@ﬂ%ﬁuﬁﬁéwﬁpﬁgmub a voltage on said digit
line in response to said current; a clocked corrparator

havi 8 f' [ ﬁh?ugrQPan&%%' pJaFcfjv(gl? %n sa?'d Sl\ggﬁ l’lxﬁé‘&c%&%

secof recelving a age,
pred&&meattﬁfesﬁ@@ volkage &er&mrsgagm@bre&kéﬁgﬁed bisesperict
said first and second inputs in response to a first
state of a first clock signal and 19 WD 2004/ 107349
PCT/ US2004/ 015919 providing a first output state if
said digit line voltage is greater than said reference

Vol t BoThE MieBad Brearing totimi Gy Pt ybplB el threshold

oGSO ot e S L S SOGB4 e

voltag€aod eefERRAE Vledgetifps@dfh eo@ipiratee to reduce the
voltage on said digit line and being responsive to

sai d second state of said comparator for uncoupling
said second capacitor fromsaid digit Iine. 45 A
read circuit of cI ai m 44 further corrpri sing a counter

for n er of t| rat

Cor ot e PatidR acpRESE 18 Flabh 05 nReln SRARKEH Qlansterring charge
comgPhtes ﬁgnﬁ'crrﬁfc%eaﬁ n§€ 9 DEShAdciRI REGIPHigitHne, The read

circuit of aim 44 wherein said conparator noves to

said second output state in response to a second

state of said first clock signal.

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:

a 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;

a clocked comparator having a first input coupled to said digit line and a second

input for receiving a reference voltage, said comparator making a comparison of voltage

levels at said first and second inputs in response to a first state of a first clock signal and
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47. The read circuit of claim44 wherein said second
swtch is controlled by the output state of said
weopaostor. 48. The read circuit of clai m44 pBUSI004/015919
said second switch is controlled by a first state of
a second cl ock signal, said second clock signal having
pul ses which are interleaved intinme with respect to
providingsefrsobutpait dtatd ifstidadigit lingivgitage isZfreater than said reference voltage

and a second output state if said reference voltage is greater than said digit line voltage;
a second capacitor;

a first switch element responsive to said first state of said comparator for
coupling said second capacitor to said digit line to reduce the voltage on said digit line and
being responsive to said second state of said comparator for uncoupling said second

capacitor from said 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 claim44 wherein said second switch is controlled by the

output state of said comparator.

48. The read circuit of claim 44 wherein said second switch is controlled by a
first state of a second clock signal, said second clock signal having pulses which are

interleaved in time with respect to pulses of said first clock signal.
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