;e3el I\RD6zT} CWD 03/071549 TI TLE OF | NVENTI ON PCT/ US03/ 03674 PROGRAMVABLE
CONDUCTOR RANDOM ACCESS MEMORY AND METHOD FOR SENSI NG SAME BACKGROUND OF
THE | NVENPIOON7IS49 Fj el d of the Invention: [0001] The presdfiT/U$iddd¢THon
relates to integrated nenory circuits. Mdre specifically, it relates to a
met hod for sensing the content of a progranmabl e conductor random access
menory (PCRAM cell. 2. Description of Prior Art: [0002]J DRAM i ntegrated
circuit arrays have existed for nore than thirty years and their dramatic

i ncrease in storage capacity i hr ough advances in

sem conductor fabrication tecﬂﬂ@*‘g@méﬁ design technol ogy. The
tremndous%@{w OB T ETHR AN OM LCEIERS RAIVRYRY Ataber and
hi gher levél's of In egraplﬁgc; thatﬁ%ermt ramati1 c reductions in nenory

array size and cost, as WeMETHOIX FOI SENSDNESAME! d. [ 0003] A DRAM
menory cell typically conprises, as basic conponents, an access transistor

(swtch) and a capacitor for storing a binary data bit in the formof a
charge. Typically, a charge of one polarity is stored on the capacitor to
represent a logic HGH (e.g., binary "1"), and a stored charge of the

opposite polarity repre i - 10"). The basic
drawback of a DRAM i s tﬁéﬁiﬁﬂﬁiﬁ&%ﬁﬁﬁﬁg&&%ﬁﬁéﬁ WD 03/ 071s9

PCT/ US03/ 03674 eventual |y | eaks away and therefore provisions nust be nade
to "refresh” the capacitor charge or else the data bit stored by the nmenory
cell is |ost. &0004] The menory cell of a conventional SRAM on the other
hand, ]eoﬁ’ﬁlldgfé e Ipyeppen:c conmponents, an access transistor or transistors
and a nmenory elenent in the formof two or nore integrated circuit devices
interconnected to function as a bistable latch. An exanple of such a

bi stable latch is cross-coupled inverters. Bistable |latches do not need to

be "refr i e 0 Q@AM Ml l'iably
store a E@@bi tfﬁ%é{eéf%%?g%}%e{lskll ong a@%é%dﬁ%@%g%&r el\(/:lgfc\e;e supply
vol t ag@ecifi®o]t BhtQtbs meMddfee séidglgit dontet bfad plogidfEmablen@ndvetait i | e or
sem -volatilé nmenory el enents. Recent studi es have focused on resistive

mat er irahdomhetess amerheryp(PEcRANYextllt 0 exhi bit either high or |ow stable ohnic
states. A progranmmbl e resi stance el ement of such material could be
programmed (set) to a high resistive state to store, for exanple, a binary
"1" data bit or programmed to a low resistive state to store a binary "0"
data bit. The stored data bit could then be retrieved by detecting the
magni tlidPesdripion of Prior Art:

[0002] DRAM integrated circuit arrays have existed for more than thirty years and
their dramatic increase in storage capacity has been achieved through advances in
semiconductor fabrication technology and circuit design technology. The tremendous
advances in these two technologies have also achieved higher and higher levels of
integration that permit dramatic reductions in memory array size and cost, as well as

increased process yield.

[0003] A DRAM memory cell typically comprises, as basic components, an access
transistor (switch) and a capacitor for storing a binary data bit in the form of a charge.

Typically, a charge of one polarity is stored on the capacitor to represent a logic HIGH

(e.g., binary “1”), and a stored charge of the opposite polarity represents a logic LOW
(e.g., binary “0”). The basic drawback of a DRAM is that the charge on the capacitor




readout current switched through the resistive nmenory el enent by an access
device, thus indicating the stable resistance state it had previously.been
progr anmid0 €3#71§49006] Recent |y programmabl e conduct or nmenBEV/USIEMER s have:
been devi sed. For exanple, chal cogeni’e gl asses which have switchable
resistive states have been investigated as data storage nenory cells for
use in nenory devices, such as DRAM nenory devices. U S Patents 5,761, 115,
5,896, 312, 5,914,893, and 6,084,796 all describe this technology and are

i ncor por at e erein by reference. One charagcteristi Ge. o) mhl e
condud?@P“ﬁﬂﬁE?*séV@ﬁéﬁétéﬂ@ﬁ”ﬁ§”8ﬂ§°?%?ﬁ@888fn% éncﬁgﬁgﬁbé%? a gl asses
descri I - i | Wed al cogeni de gl ass which can
be dop%gg%\ncagﬁglrgr%k‘% a%}gtr?éﬂ %?I%H? fcg%ch%%%iegjngggﬁégg spaced apart on one or :
nore surfaces of the glass. The doped glass has a normal and stabl e high
resist anQQOG&Ft eThéRdhest dellrofaf comventiorad SRaMp o8 thbethat rode comgriarsode
causes a stable | ow resistance path to occur in the glass. Thug, stablge |ow
and hi bpsia aanpoments ant access taasistay QrdEansisiors ppd @ IBFWQW‘?]G&C&F mn anoé%“/ 7149

PCT/ US03/ 03G7 3.[0007],A pr.ogrammabl e conduct or [ I of a
doped CYRAPEBWER; gﬁﬂ’%\% EH%M g?‘f“é‘is ?%?oéﬁ\cft}%%)sﬁ%g S %éf g bﬁs{%ﬂ& %Jégli[l's ance
state é@@h@] i -doAW GRS ARC BisthlRlk SaciesiRPhit Agedro

vol tagé a r%sggx‘tl%ga 9%%%:1? e elrsntegg?g.g Cl'?owrcest ore t helmam)r y cell to a high
resi sthey erchilesh@l,” ay i @) dage 6ADRYERUS i celly; aml Wik relébly siotda datrdgat i ve,
or inverse voltage which is equal to or greater that the voltage used to

pr ogr aimdefinitely ae lgngastheyicondnugto resaive supply 9k@gst ate. One particularly
prom si ng progranmabl e conduct or chal cogeni de gl ass .has a Ge: Se gl ass .

conposi ti d is.doped with silver. .[]0Q08] Spitable € i tr r eadi ng
data fr oﬁﬁgﬂgﬂr rgifoﬁtfs %P%P%M%&Bﬂ%ﬁg 1&1’3 ﬂfé%%f??"gaf‘gn{éﬁyéﬁ 1&’0&&%& yet
been 1 iehiord UEhAREIRAGHANMiBIhIe foBuRHR resRrivCAlatdilActiar b benal
prograrmaq conductor nmenory, appropriate read circuitry is required to
nondesprdegimmutidytos@dtsisic daheér lsphioedowntibieohmiostites] énprigramablrereaistaaye
SUMVA THE | NVENTI ON [0009] A sense circuit for reading a resistance

| evel demanpobeucinmmatsirial conld e programmerh(sasd &2 8 highrsiptypsRIQC $ers, bk

irded. A voltage.potential diff i s, int d X
by act vimilng: Bifadebadarybiner Blassmi o ¢ 9 bRPYEFRneRd BpRe e b
di gi t hM%ié‘“ﬁhé‘PHJrQa Ha@ﬁ%fp%@]qflﬁr{gcﬁ SF SLERGE] by MRtk gRhe haiidetdT aa fir st

predet erm ned vol tage. eing sensed has the precharged voltage
di scharg@dut biReghvitticd ebiciighnde refistivieen@mogy eleniht by cardtuess devicembuy

el ement of the PCRAM cell. A conparison is made of the voltage read at the
di git Indiatiagdhetstablerasistance swee wdnduredpusly beenprogpmued B the digit |ine
is greater than the reference voltage, the cell is read as a high

resi stan ue (e.g., logic H . however, if the vo e d
ho. di g1 tiOPDRG | REFortbl PRHORHAE BindiRion Br ek st A R rak
read agya, lg%ﬂa?édﬁ%hﬁﬂscga%@é WhichehFe swittgitle kEive sthc@hAd dekh anvaktigapadct
of the Tnvention, 9n order to rewmite a logic "HHGH" into the cell, the
row i ngs d@tﬁ@ﬁirﬁ%@dld&éﬂy dehefazalst i aiongoryeltsizds,rsayh he DRANEthetmy devigher
voltage after the cell is sensed. WO 03/ 071549 PCT/ US03/ 03674 4 BRI EF
DESCRI Pr$ CRatomts FHEG DRAGY A8 G, D26, 9 Th 898 oniady 6,04t 4701 2l dsasribg dhisrieaharlogh g

f eat f the i t.i i1l b tof th '
e b R e e e

refer ep&c?n&& cﬁ&ﬁcﬁf&ﬁ%@%c Qﬂrrﬂééw'f RESH O\gac;?hpﬁ\il\zil: %ELSQQSl&&SCEbgd aBowab itkidiSic t WO

menory arrays each enploying plurality o nory cells, in accordance
Wi th apgmesiphdodesaiteigrnnite disstitdch omebt idoped MathlRletHiigss ari ayathod¢ dpd
each depict "a PCRAM nenory cell of Fig. 1; [0013% Fig. 3 depicts an gLsense
anpl i f amodeaspagsédpant anhend-pymote swnfases ofietheaglasst 0dha doped glags s BpPEm .

= 1T onenaPROlchEh RNgRg8r AP ARP™ PF BADRR: SLERY tirial e fcPance’ P! €1

causes a stable low resistance path to occur in the glass. Thus, stable low and high

tor

resistance states can be used to store binary data.




" realized and ot her changes

an exenpl ary enbodi nent of the invention; [0016] Fig. 6 depicts a timng
diagram for a reading of high resistance in a sensed nenory cell, in
accor dan¥® 0#0H43n exenpl ary enbodi nent of the invention;PEUUI0B[03644g. 7
depicts a timng diagramfor a readi #dg of |ow resistance in a sensed nenory
cell, in accordance with an exenpl ary enbodi nrent of the invention; and
[0018] Fig. 8 depicts a block diagram of a processor-based system

contai ning a PCRAM nenory, in accordance with an exenpl ary enbodi nent of

t he i nventj TAI LED CRI PTI .OF. PREFERRED ENBODI S 0l 9] The
present ﬁhg@ﬁll oft REPPI 8% §§8P_EB‘8§1 aEERY Rt E’ﬁn}eggeo’r%hg?%édgnbodi ment s
descri egdaRhRi¥ disks Qﬁﬁ@ﬁﬂttﬁrﬁi‘gaﬂ%’ hdy HeSie }ﬁ% ré3stiiceQBROWHIB Iy HRY be

y ‘be made to The disclosed enbodi mtents wi thout
depar t progrimmieditbe lopi fesistagte satpley applying avaagataciosy eind memory elhéi/ Aol 549

PCT/ US03/ 0367 5 [0020) In accordance wth an exenplary enbodi nent of the

i nventiesiere shpmemasy cald it pyhigh resistive state sypirdly ere acadsdpasesiam gragelll ity of
sense anplifiers where each nemory, array,i s made up,of ,a plurality. of

o1 ogr A B R ER R Brer e O PeERFa & (dabier Bresent o Bty e of o
gi ven i€hlemdt) ARREA B0 AklidBicUilicCTORE paitblachSrohitagd act 0ss
t he proogrammabl e conductor nenory el enent. The voltage difference st be
suf f i cpregrarhmableaddireluatoreddicogeniat ighiss bis 4 B2: Sy glgsseonmiadsitiomeld stdopedenor y
el ement, but insufficient to enable the elenent to be progranmed (or

Wi tte‘f‘flthébl‘.fcr(hce the appropriate voltage difference exists across the
menory elenment, a digit ( bit) line voltage value is discharged through the

menory c d thr h. t he progranmabl e .conduct or nory_ el nt. A,

or edet er APRRET eSS Pt iR RaRRER AERR 3P GRY chatpeintu e thadder, | o
made, kfhoty SRARG AR hdd ek by Hﬂltyaac%glo}ﬁkhh A&@rcﬂhggf,‘ ilBFRE Yo ¢&llize 2Pt Ween
the digit I1ne voltage and a digit conplfenent referénce voltage at a

r ef er efunetibhdl progamihele thndfictat immaofyeapprepeiher rad eilchitryds réquareditgi t | i ne
voltage is higher than the voltage at the reference line, then a high

resi stpQudestryeidvaly sense datactiorsddn ithe meapey«hementsf the agppunded. | f,
however, the digit line voltage is lower than the voltage at the reference
line 106, then a low resistive state is detected and the digit line is
grounded. ‘'The reference v%m%éﬁdﬁ@mﬁit conpl enent |ine
associated wth an adj ace - j acent nenory arrays
respectively serve as sources for the a reference voltage when the other of

the two nenory arrays contains a selected nmenory cell. Fig. 1 provides
great er dj@@@ﬁ’f/ of\ semsescienrp] far yeadimgpal resstincofleveh of i pvegrimonablé 002dictbi g. 1

depicts ortion of a i nmory arrays 100, 165, e .having a

pl ur al RGO a%asamomé?éﬁﬁ% cellgs PlawieshAry gi@?,teﬂf@gﬁjhf%}ceugzl, 130,
132. i nterseei . r @ )

or ogr AnnERAled RAEHEE PLHOMTC Y 4N EARED S blififtol BohP s Bl fhowtine

cel | 1v'%ﬁgag§.eIBiﬁharﬂagitfli'h@rmaﬁ?digﬁ%iﬂ}ﬂ&nkﬂ@t&&cﬁé@ﬁéQﬂctj;macﬁd'r 108 fignd
colum line 106. Sense anplifier 104 receives inputs fromcolum |ine 112
and capredetermimedividtagEa dfhesel deirggmminséd bas thepreditdged valoage djsnhadgado conpar e
a voltage at a digit (bit) line (e.g,, 108) of a cell, 120 being_r with a
vol t ag%%a‘eghﬂrfe@ﬁ@ﬁe% of ﬂﬁepr@sragv{nagt%)oqdﬁcmrdaﬁmp&' glemenoh BB t he
sense r . I / 9 .UUS03/ S | a val ue
of 1 oaiel v pmERfitory R nidh pr i PRabY ity Ml RS Y R %, (7T g
read, @ndlctROCr dhe dbigigde driche diBlihSiseoeateF BhnWhkteRrdRESLRASE thekémge on

read as a high resistance value (e.g., logic HIGH); however, if the voltage measured at the

digit line is lower than that of the reference voltage, the cell is read as a low resistance value
(e.g., logic LOW). In an additional aspect of the invention, in order to rewrite a logic
“HIGH? into the cell, the rowline associated with the cell being sensed may be raised to a

higher voltage after the cell is sensed.




conplenentary digit
whi ch side of the sense anplifier 102 conta
i nt er estWOtBO7HHHYi t |ine 108 or 106 acts as
line 106 on the other side acts as thhe ref
exanple, it is assuned that nmenory cell 120
colum |ine 108 associated wth nenory cel

| i ne 106 by sense anplifier

102. [0023] Dependi ng upon
ins the nenory cell 120 of. .
the digit |i RCIUHRO3¢Me digit’
erence digit line D In this
is the cell being sensed. The
120 is referred to as the digit

(bit)

line D. Colum line 106 is referred to as the digit conplenent |ine

D,

or the reference |

r

[

FPDRAW

120 consi sts of an access—trorstsSt

T

LII= JAlrlu

ProgT al

tor

menory cel

menory el enment 116. One end of the programmuabl e conduct or

e conduct or
menory el ement

conduct of TaThory o Ergppip Aokl ad oty

heq fedrRlofthe ileR8bARMRDI €

a source/drain term nal of

acces becoarsnsiOipphldnt Pomtthedesdledalbdiption dfpmrfaradd ahbadimesys of twsi st or

114 is coupled to digit. line 108. A gate of

coupl davension giyen bekow witharefwencet todhgiacgompen

Further, the D and D* |ines are coupled to
pr echar gj e and, D¥ lines to a
vdd) . TG Bl deRisht SO MEmay
oxi de i C

REoHP B ﬁpﬁccﬁw k

to vVdd. Th
179 and anot her term

transistor 177 ['s cou
p-type CMOS uansi stor

ine is coupled to one term nal

the access transistor 114 is
awiggs In whish: [ 0025]

a pre-charging circuit 175 for

d i ned. vol tage..val .
PESHE SpPRYmELERIRN R A
Wil ARS kﬁé[ﬁglag{maaammtd}%c ugreminal of

of

nal of transistor 179 is coupl ed

to Vvdd. To@l2jpt eBigof2(adt 2(d) eavhi detpiotss BRCRAM #8eraosy cdlugfl Iég. 1oget her for

receiving a precharge contro
received, both transistors 177,

si gnal .

179 are tur

and di gi {0¢bHb| Figns depifss r Nypense paRlidigr apuseddn e §ig. L momqsy

When the precharge contro

signal is
ned on,and hoth the di

an

equilibrate circuit 176 for equalizing the voltage on the Dand D * digit

i nes.

1 nes” ar EOFLL"CR, B ¥ ol SERRE LRI OBE IBRERRRY B 07!

WD 03/ 07149  PCT/ US03/ 03674 7 [0026] Turning to Fig. 2(a),

transi stor | 80.

t he

a si npl i {06Th chepabidepiica g fawchhrtRicogibingah| dpeeaivdidt flow, ireauoydaet wid?0 i s

depicted. Using the representative cell
di gi t dni exeniplagembodingit of thoinyddtidny i ng p
first termnal of access transistor

as n-typ transi stor; however, accgss t
r epl acedf%ﬂ\ﬁsa St ??diﬂpmuﬁlgﬁ Y, §§ 21

pol ari t]

second£%§$ﬁf%th§f
progr ammabl e conduct or
conduct o{OOENPr YFg| &rdupictd 4 Gintiny, digpramcfer afr
ot her bistable resistive materi al

11 4. Access transi stor

| 20 to describe the invention,

recharge and al so coupled to a
114 is depicted

114 may.easily b
EoPRISHIRAHYES

L

LEd . dingly. A
R e e R

menory el enment 116. As nentioned above,

pr ogr ammabl e
cadiaf oddewirckistgha@sn a sensahy

that allows for the storage of binary

val uesmemioey pelbdn anerrdnacewivh wat exempharg epnhadiment of e ipyertnnsiand

to cell

plate 118 which is also a conmon conductor for a plurality of programmble

For provi DR & Fiee Sebioh nbibusceerlh PEEproe ] b Gmpdyf cifehifal I 1l 2T

118, QRIS GhedBETS oL IARMENDlh bt Splkdpd

sufficient v is app torowin
turned on and conducting and coupl es the di
programmabl e conductor nenory el enment 116.

Hodid¥ht HEhE2dvendien

access transistor 114 is
git line D 108 to the
[ 0027] The vol tage val ue applied

to rowine 122 dictates what operation is being performed on the

progr ammabl e conduct or
line 108 is tied2EdL

(e.qg., 1.25Vv),

nmenor
Y B

&

el e
]

116.
e_ »

ment
(AN

&-L\/H 6

transi st 1SS I clen turn on

di f f er@nB6dihediOteRtibRl Riowin to&dsdctbRyith Fass _ _
approximately 0.8V, between the gate and the source/drain term nal

2 Yals e

in order to activate the access

2 00 ol PR Gk Lhiofh o SRR P

i nst a g the D
2o 1/a Vvdd
114, a m ni num of
te of access
hat creates a

holgl oehér@abbdinents may be
coupl ed

For
“HFER

t 0 t herealetdd anichothet tBang3G28] ba\made ta.th& disalmsed eohbodimeats yethousidegarings

| 14 is sufficient to turn it on,

transi st or
r eadi néowélmsemwn SCPRE Of Hha PESHHIBY A e

accordance with an exenpl ary enbodi nent of the invention,

0.2V is required to be across the programm
in order
wite (e.g., re-programits value) to the p
el enent 116, a mnimumof 0.25V is required
polarity of the 0.25V depends on whether a

WO 037071549 PCT/ US03/ 0367 to read it.

it is not sufficient for
conductor nenory cell 120. In
approxi mat el y
menory el ement 116
Further, in order to
rogramrabl e conductor nenory

to be across it and the

logic HHGH or a logic LONis

bl e conduct or

it line D




[0031] Fig. 2(d) depicts exenplary voltage |levels and polarities for
witing a |l 09i c H GH back into the programmuabl e conductor nmenory el ement
116. As WA escribed in greater detail bel ow, when aPCHYSB/BFTH | evel
has been read as being stored by theprogrammuabl e conductor nenory cell
120, the DIline 108 is boosted to approximately Vdd by the sense anplifier
| 02. Then, the rowine 122 is raised fromapproximtely 2.25V (its vol tage
| evel during the read operation) to approxi mately Vdd, thereby placing a

botent: at002p ol s g shouBlabembprimera e BtsdioR: ueBIo) o asv
Che T omeatosy eSS BBISEO EEMcrTE BRI AVERL: difjdct; ARAR AR EHbh P

102 i natajdie snade dp 6£8 phuraifyl dffpreégrapahibleRoAdactar heiROgcliPIn biddr thqEdd on.
Fig. 3 depicts the N-sense anpl ifier portion 350. A first termnal of

N senselogigil stakeef 85(yenanenonscedi, gih appmpplathesitage diffetohcg must be phaeed ol umm

line in_the, menor arrel adj,acent to the nenory, array tcg%t contai ns the
memor AR RGP R BERls cORMISIET merpr SlRRERF. ( Bheveliaes BHernes pus
term sl T AR heaincr il BP0 BHRLI AL AT Sl lfifenl IRETTT

l'i ne iinshffieiche i® epatsle thy elehtht €6 BE prograblified €bd whtteh RO R €} thd8bpropAh&O
coupled to %&ate of transistor 300 and a first term nal of transistor 305.

A secovdtagsrdifterghcaéxists aoroiss thermeg@raelkdmens sedigit (bit) dinealolage valaasds st or 305
are coupl.ed tp.a first termnal of ransi stor 310. A second term nal
of tr Heshargrd drgu fgtﬁ%atﬂ%wtceﬂ @Pégﬁgs%ﬁ?&%ﬁ njagrmynable coafuetgr merpory
receiv [ o ' Jok signal is received by
tho N agmEat AprbucigthisRy ;RgaTr ol Bl &8 i RBEbE beBled o Pali¥ithory

cel | rwl¢,NGa hSerisera@hlifids aWobiarddowHR $h¢ pivel R@hey cdil0B3R¥ech e dgidl@RECtS a
P-sense anplifier portion 360 of a sense anplifier such as sense anplifier

102. Adltagstanter dignaiomyileiResereferenampvyaltagerat 368feramweibielngi gi t conpl enent
line D* and is also coupled to a gate of p-type CMOS transistor 330 and a

first tecm o -type transi.stor, 325, A second.termnal o - sense

anpl i fi el[m}%ﬁ re&é%?éﬁ%?%%qmﬁ%c%‘@ﬁdﬂ?% gitdmemliase i 1?’6[{1‘5( %&Pé’LSf

t ransi i f IE . j e £t nal of

tr anei e 3§ PnERerdnld fild, s FHAAL s 880 8 WtfccidbandVRSERIENLOIE 22

first grenntdedl Ifhokwerasidsd dflgitm voqta@etiﬂo@&crtthﬁﬂ&ies‘&&fag%ga@ thefeferéAse Bndi 1 €
y

P control signal. The Fire control signal is receive t he P-sense

anpl i 154, thew adowmesigsiverstata éodateeted ahd ¢he digit Bie & giounded.oThs irgflamdnce s

recei ved by.the nse . anplifier 350. [0034] Turning.,to Fig. 5 a

{} overR Bl TRPbE §Yélrﬁlsﬁépgmleﬁsm et AES 83 3 aCRMOMEENFHHY |

di agr i i i Iy j I e i t he
nvant a0 AR omoly ArRARERAY hohuPl FARER BLLETRA IR bofled (%) e
PCRAMwiedd tiey €ther WO A Aty @iralASEbHDiB6 44 e kBreAN BemEBH cell. ) Fiehatprbligeer ase
vol tage to gr ow a dendrite in programmabl e conductor nenory el'ement 116

swi t clgragtet detad of ani ayhmpsy strdcémenoofthandvedtion.write a logic "1" is
0.25V; (ii) that the erase current is approximately 10 uA;, (iii) that the
pr ogram e (wite a "1" elenmept t.o lLogic "0") i5-0. ; (Jy) that the
program K@(ﬁ%ﬁt # 8 é\ﬁ%ﬂﬁq HRPEIQR QlR pAIr Of Mcmey arfays i@gi ﬁggrf@éll’\ﬂa"mga
corre i ioC 119" 14 i : h) a

Fosi stanhngt tuire J0RC 113, 10, PRELRLHR £2 14308, 304, 0 0) 1o bt

appr oXhtepseetipn LIMBRimAS arscheoihthete s Faghed a ppe@afithablbabnahdtsf Raidone
paraneters and operating voltages and resi Stances nmay be selected for the
PCRAMZ3€€gsp mﬁdetP(Bé@M%tCiCngth esrmicheory oel 12 0arfensc applihér 10k rdcpivent i on.

[ 0035]. The process begi at praqcess, se ni 500. AL.s nt 502, sense
anpl i FPRYE £6lme fide 8 ndalumaing Ho. Soroe mpher D03 facciyes gppats
respegid 4 I r 5 For
pur possetep it s 1120 (o o TR Hach SaSOmERERL LO2 IOU B Bl "1
cel | pbabenpal8aivelthesk 4 Qiga (Vi didleqeE. OB Vsl 4 @UE1 ABbéing r¥eiHth O¥oltage
approxi mately 1.25 which is either a condition which I's present whenever

t he magergierencgdinevs,s. ol0Gnie adexcto detmrrhimesmidthiethet sontpd memory calp@2@tis on.
In this illustrated enbodi nent, the Vdd/ 2 voltage is turned on at

processi ng segnent 506. At segnment 508, both lines D, D 108, 106 are
precharged to a predeterm ned voltage (e.g., Vdd = approximately 2.5 V) via
precharge circuit 175 and then equilibrated by equilibrate circuit 176.

[ 0036] A selected rowine 122 is fired at segnent 510 by applying a
predeterm ned voltage froma rowine decoder to that rowine 122. In this
exanpl e, the predeterm ned voltage has been selected to be approximtely




read 120, and D* 106, the reference digit line. The parasitic capacitance
138 may be varied as a function of the construction of the nenory celbt or -
an addi t Weh&07&#paci tance in the formof a fabricated capﬁ@T’l‘Jé?y%’éH al so be
provi ded which is switched in circuit® and connected with digit line D 108
during a read operation; therefore, in accordance with an exenplary

enbodi nent of the invention, the anount of voltage increase when the
Towine 122 is fired can be controlled by the nenory architecture. The

increase in the volta 108 .i i bed..at, segnent 514. There
are ot ?fQFmﬁéy‘?ﬁ’t Oélﬁgggﬁiél‘fﬁé?%f ?“9}&5 gﬁ“f‘?‘g%éﬁtlaaffg’ﬁ%léﬁn ffefr?(iiloj%:ﬁ%]ﬁ'as seen
by the , hLLer . QI : } coul d be
enpl oyté %ﬁr‘é%cﬁgm %%??t gi%t alilfét)lilg% E&lsé tﬁeg]‘}n %?gféfscﬁwﬁgbggg%%g) such t hat

t he dugsmpleavdricat9 digi¢ ling 1@6VRYsened amplifier Behar ged to Vdd (approxi mately

2.5V). Then, when the desired rowine 122 is fired, and the desired digit

line D 108 is_raised to approximtely 2.6V, due to the parasjitic
capaci t arl®82338, Dependingmponowhicheidoaf the senserprapbfiqr JZgcontaing thememoryt he

e parelCi 20 ePinipch s Aumains B8 g ab@oet Sy SRR BB gt fU6) 1 0.

106. T t, bS.d . 61,5 kik; et

approx?ﬁatﬁg%ﬁ Cg%gj\? a\%ea}]s %Q%ﬁigr%ggi%g#gé gﬁcﬁglrt%g%gs lg;é%:trl% %{g‘g&ggl%ﬁ

[ 0039] menddy ceRQ0ris dge ¢ Bdigg sénsed! Tdegwhnindie, 108 assdéigied with encafiory
interest D108 begins to discharge from approxi mately 2.6V through the

resi st ealt 220 1s nefesredr togasathmaligie (bit ) AoB). OC?Q&W! bog/10808rgeBed ta 2s gtt or
menory el epent down to approximately 1.25V, the cell plate 118 voltage. The
| onger PR GRIL Wg% 0 ‘l%ﬁtlFéﬁc‘Fﬁ . the greater the resistance |evel of

t he progranmabl e conductor nenory el enent 116. A predetermned tinme (e.g.,
15- 30ns) t 5%.5&] i i Lref,17at e Han t he

N- sense a@%?iggie?ﬁ%l@gkl eg%{)b?%{)ﬂglil%gérgﬁﬁ%?ngélr%glc%igge N, %@%Ségmant 518
whi ch eafifisoed 14 had\wopioggen@abldwddutfiff matob clktfenk ldés. Okt esdgfidnt 520, a
determnation is nmade as to whether the programabl e conductor elenment 116
has a pragrammabihcondictonmemargelamentdd$0p crupledstampcd plate W&gnEhg oy, o

d i i i d whet h he initial, vol D 108
i sohat BT B BHerHBRyBI SaiGTPrORemoey FimIchS Tgedasr SRf 184 PP Cie
9 rebRiddBPacede i%t%g 1Packy dQni %lmtrr { dhd PRI Sf YalHeGaiscbF 1196 and

(e. ¢
D 108 are respectively fed to gates o nsistors 305 and 300. If at the

pr edet esupisg do tdiggeme 108he\ yakiofgRe atceb@arbisgot 114 ivecdpléiBio s rowliel22 han
the voltage at the digit conplenent |line D* 106, then D* 106 is grounded
and D asspeiared with shé ngraent celbdS0der ed as having a high resistance |evel

(e.g., logic HGH) at segnent 524. [0041] It should be noted that rowine

122 f t th t i,St 114 is t ..o
o, honeddP25%i | Fupcdhe 1t e By D BRE eGP e O r HERBPY "SR A O 16
fromb f&ﬂafr%gnmc% bg:gld dg;' lﬁlcg'@éé 2 ec@&éfr%ﬁx@d%ﬁ%g@vﬂﬁg &gt \ﬁi’i)‘!"aghé’ PAdisd nce

I
are-wite ire r each read eration"of a’logic H CGH as

this i & ddiplatbiodde ciradigal Of ptiype RooPlanemalyeme el dutitieose miesrdtuycted EMOS)116
and repeated unnecess%rd%/ re-writing may result in dama%e to the elenent 116
¢ t

over t fmpsistopd47jangraniotherstaminahgf transggndAt iseoupled talVddaells Bt ned
e g A AR AN b el ot b 1
logi ¢ g%\?is @6@&9{@%&2&? ééﬁ;lgs?é} B@Ehaégx?s’é%&s 28179 48 Qéﬁ;()ﬁﬁ%'gééh%f £o360 is

enabl ed, "via control signa etermned tine (e.g., 1-5ns) t3
after tdeivihgepseharng ddriteil sippll.| Wirnabk ¢iechakgacdntodl sigsil i reogecd,doeh was
recogni zed at segnent 524 (i.e., D 108 is logic HIS;?,. then transistor WO

03/ 071540siFQTY T3eraunedion and both sheidigitling Brand digs-¢omplemenp lne A ~

voltage at, lin 8.1s osted to appr.oxi mat el at segment, 53

{ B0aa) Sie hargfi uale Hig b Aba showhan SRBUBIHF Suguit L DR eaRagang e toltags, 109
is |ogj d | .St i * ' ' dline -
D 108004l A e e D S A R L o B e
534, t bignal\thd ligeslt@ ti@l E@@Bbiased BY aﬁdcllhmw:nﬁrm_&l sigiifab hypliddiko trinsisoer 180.
programmabl e conductor nenory el enent 116 contained a |l ow resistive state,

t hen, as described above, raising the rowine 122 voltage to approxi mtely
Vdd is not necessary to re-wite a |low resistive state; however, the
rowine 122 is nonetheless raised in order to facilitate re-witing a high
resi stance state. That is, if the programmabl e conductor nenory el enent 116
contained a high resistive state, then raising the Towine 122 to
approximately Vdd sets the voltage at point A to approximately 1.7V,

t hereby placing a voltage potential difference of approximtely 0.45V




approximately 2.25 to approximately Vdd, thereby enabling the contents of
t he programmabl e conductor elenent 116 to be rewitten. [0047] Fig. 7

depi ct s WO®BMHTHYY di agr am showi ng a process flow for findi MGI/ESI3@A674

resi stance |l evel, as described in corfnection with a portion of Fig. 5. For
exanple, initially, both Iine D 108 and |line D* 106 are precharged to
approximately vdd. At tine tl, rowmine 122 fires and turns on transistor
114. The voltage at D 108 increases by approximately 0.1V to approxi nmately

2.6V due to rasiti.c capacitance., 138. . Then, D 108 is di schargeg, from
appr oxi ﬂpwng%W%g tﬁ%ﬁ%-o%agét%wﬁgsd a\mici.i%grgng Ogs aﬂ{cai ned at
appr oxj e Vad., AL tkhR.12, . e Il i ’
conparée(;shs(i C‘é(yrvrgfxpgé‘ég%q Il?ls rllseg 1%@ \F/tVI? W?Eéafiépg%@fx%ﬁgc L%EH ?gg% I%?s‘;?ﬂfe1 t\% | t age
nmeasur gleddion diSi8 line Th 293 il bawpledad id &fingl?fachpﬂ@,em disyeqgiidiaadest evel
is recogni zed, as described in connection with Fig. 5. In addition, line D
108 i stekmirct of haegy amdstOR/) 4 atActesveranzistostl 1t4 imdlepBtedrassetige GMIDSEf i er 360

is enabled and line D remains at and i ead as Jogjc LOWa pne D* is
mai nt alTAREtaK; hewisvessiagease Fpnsgr 1 r{lﬂh%aSﬁsa, CFBW“?%LW%? R bR 4’5

increased.fromapproximtely 2..25 ' i ove,
't houg o 1BRBR e Ssbop ik pAafHR SR cofifondits SREFOIARS A7
Progr apRRr R £0HHIREIPT ATRBhY (BHRRBRNGS ddbistdt 114 isdUl&Drd Nafst rdhalnGior y
cells storing a high'resistance level may be re- witten. [0048] Fig. 8

i || ust pmigeammableosindiiceqrmamoiy elepreac d3$orAsspsheon@Dibawen peigramgmablCRAM
sem conduct or nenory as described in connegt I on with Figs. 1-7, For

exanpl %qndq@@rpmméwg:ﬁytt &rlgaygv bomadead chalceprenidy B4, g athe pissable
Fi o1-7.. . t i
I 9S rcgltstégca éxgpcgla,g Flifé-alﬂ W%,ggru&xg] s?cgrﬁgg of PR ¥al(1§b‘lvk‘h§ ggo %ﬂ}bg%g?%glscmr

constru ( ai-ni'ng one or nor
havi ngmlehfor CRMAN 1N1¥Ck ¢bEpIdaTe rcbﬂ%qjat@llngvhiﬂi'?s HAsPs 6o asRthEysam 800
may be a cohputer system or any other processor system The system 800

i ncl udplaraditg efipradramnoabds somdpator mefd?eldchs.e The cel phite Adfrioded son, t hat
communi cates with floppy disk drive 812 and, RAM 808 over

cD i ,
a bus vatrge terminal foyrawdng 2 Béﬁdcmﬁgumé‘f@m%%ﬂv? §68a ‘Zﬁ/{ 2togheisgld platg g

bri dge o] nly-.used in a pr S$SQr; pased. s but for. Lence

b S0e RS OMAL NS5 LRt RERAR RERR R B v R BAR 8

|11 ust ggdiRd 18So@link 12026 aliSs crifbideOPY1 4 QUERHE] bh/abH davheng Snd couplBSItHeor )
804, 8 may al so be connected to the bus 820, but are not " required in
order digitdirecDilOS tdhel progrinhmable doadprweesanprbeemdnsy$6em 800 al so

i ncludes a read-only nmenory (ROM 800 which nmay al so be used to store a
software program_[0049] Al though the Fig.8 bl ock diagram depicig only one
CPU 802, [Bﬂ%%:i glhg V§¥§$"eﬁ$%‘6ﬁﬂ’l§“&’l “é’o”%@“’@glr?f% fakep ‘é(gata‘)&?é?t&?f} ’(—'f'ﬁ’eb?g)cessor

machi ne_f.or rformn arahl el ocessing. i | el
B R e M T
(Sl MD) ¢heBaiHeND 8% lticB BORSS gé.g.,%wymd Ht@ce?.?ﬁ%lﬁtc' 19 $ikeH 46 Vb WRRI @t.%.; hessgre
time, or multiple instruction/frmultiple data (M MD), neani ng each processor
execut msordief fea@iviatd thgt acuess iteamsistdr@030h miinémpnes£A105Vhimanst boapplicdviodes a
PCRAM cel | 120 and a nethod for reading the contents of the nenory cell
120. TEECEnRIREe«f2.9DY ag B Bae PIgFCeS PraBYsREid Il SHHRGHE FOMIRQ o v

element 116 i erie ith a figrst termnal of an._ acce i 14.
The ot faridptilLFine Il cscae p difeen Sl A R Ren O T3 BAET B hiH etagd i e
to a cefd binlatEly I8V, BEYyceX tRE GaRCIRthedolkde)/Akdih YeiPhinRl QEfpIEARIR
conduc%?’%e@mry el erent’s 116. A sgcond term nal /gfL t he access transistor
114 i scadbpipteei 8.0 a col um |ine 108, which can be the desired digit line
(D). The gate of the transistor 114 is coupled to the rowine 122 of the
menory cell 120. A first_predeternm ned vo]tage potential (e.g.., Vdd) is
appl i ed ﬁQOASbi tW-@Schﬁ@piﬁé tq the gRieH AECH FRPSIFL0R ﬁéﬂs qifHcignt %ﬁzum 1t
adj acent .oenory r.ay. A65, S d pr t.er m %8' L I

appl i e§n116 lstIIll(_)et e Cln_:%tl fgf écajc_l%gg_ B en’ ?’ﬁ@g ot\%l ﬁwﬁ;&?g %@gg ngéllﬁ!r}é%jﬂlrsenhno y
cell 1241 120.f Id 8&tomiddtearitinhh ExOmPHASH BMBOARHeMOb e SnRAIAL bifprokBnstel
approxi mately 2.25V), the access transistor 114 is turned on and conducts
and di §i2V isiroguiftdl G8bdhsobattpgsogrmmablesmetacwirnecmoiynelement b6 in order
(e.8.,15-30ns) at which time, line D 108 and line D* 106 are conpared with
each other, with sense anplifier 102, in order to determ ne whether the
programmabl e conductor el enment 116 contains a high or |ow resistance |evel.
The nmenory cell 120 being read is then prepared for a next cycle by
precharging both line D 108 and line D 106, as well as the rowine 122
vol tage, up to approximately Vdd so that the high resistance | evel may be
rewritten to the menory cell WO 03/ 071549 PCT/ US03/03674 16 120 if the




activating an access transistor coupled between said el enent and said digit
line to apply a read voltage to said el enent; and conparing the voltage on
sai d di gino bi/egsadi th a voltage on said digit conplenent |ippgisesfRbyer M ne a
| ogi cal state of said elenment. 2. Thegnethod of claim1, wherein said act

of precharging conprises precharging said digit line and said digit
conplenent line to approximately Vdd. 3. The nethod of claim1l, wherein
said act of precharging conprises receiving a precharge control signal at a
precharge circuit and coupling said digit line and said digit conpl enent
l'ine t e aqadriex Fagdhert in \ddder ﬂ)wﬁf@(d@%f@ﬁr@ﬁmﬁﬂ ity valde) tolthe @irogaaitalslet of
precharging further conprises equilibrating said voltage on said digit line
and sarendwitongenmryshkinienti bl 6, aominpmame of 0125eis BquiTed torbe hepsoit apidathey 1,
wherein said t i vat.ing conprises.fifi a row i oupl.ed to.a gate
o sai Bohabeel e Easdidenchas Serbmora ba Bueteh s B8 HOTE Febeing it
of cla'yhﬁ r ri+d ng di scharging said voltage on said digit |ine
for a Ere e g%%?ﬁgg%%gﬁ%% ‘of tine before said act of conparing. 7. The

met hod of claim6, wherein said act of discharging further conprises

di schar gifi0g293i d Tuehinga® Big. 26 )] it @hltageilorld armintriMpblugdes araldiRussed in
approxinatekﬁﬁqqual to ‘sai p(edeternined_volta%gag[u§%én addi ti onal

vol t aggreagr dettail. nBeha deask opdration, Asincgrappedimatdly] istteguiied geiosaithe i s due
to parasitic cgpacitance between said digit line and a row j led to
o - aBREs AN Fa B Somermay HATH IO, AIveltaBs of BPRREITES A 2508 eadi ng

a | ow §53icH ANGE HENRE 13 AR PLEIRYare BPaccTIUARIAON 98 hel Qb ther

conprising rewiting sai resi ce level into sal I"erment .
voltage, Vt, is subtracted from 2.25V and point A is approximately 1.45V. The cell plate

being at 1.25V leaves a voltage drop of 0.2V across the programmable conductor memory
element 116; a voltage sufficient for reading the contents of the element 116, but

insufficient for writing to the element 116.

[0030] Fig. 2(c) depicts exemplary voltage levels and polarities for writing a logic
LOW back into the programmable conductor memory element 116. As will be described
in greater detail below, when a logic LOW level has been read as being stored by the
programmable conductor memory cell 120, the D line 108 is grounded by the sense
amplifier 102. Point A is also at approximately ground and, therefore, a voltage drop of
approximately -1.25V is across the programmable contact and the logic LOW may be

rewritten back into the programmable conductor memory element 116.

[0031] Fig. 2(d) depicts exemplary voltage levels and polarities for writing a logic
HIGH back into the programmable conductor memory element 116. As will be described
in greater detail below, when a logic HIGH level has been read as being stored by the
programmable conductor memory cell 120, the D line 108 is boosted to approximately
Vdd by the sense amplifier 102. Then, the rowline 122 is raised from approximately 2.25V

(its voltage level during the read operation) to approximately Vdd, thereby placing a

voltage of approximately 1.7V at point A. The 1.7V at point A creates a potential




11. The method of claim 1l further conprising reading a high resistance

| evel at said elenent. 12. The nethod of claim 1l further conprising

appl yi ngV® 038ft54ye to a second ternminal of said nenory el RGHEH$03/03¢d

vol tage bei ng between Ov and said pré&determ ned vol t age. WD 03/ 071s9
PCT/ US03/ 03G7 19 13. The nethod of claim 12, wherein said act of applying
conprises applying said voltage to a cell plate ties to said second
termnal of said nenory elenment. 14. A nethod for reading a sem conductor

menory,cell, the method co |.sing: setting a |tage of a cell plate of
Sai d cBRFrence of fpRiomRieliey-Ap S Acr o tBe Programushlc soufucton egony oot | |
coupl efh ¢ {PoRek k& 5 mceg%tlggmﬂﬁlayg,&age; charging a first termnal of an
access transistor of said c&ll and a reference conductor to a second
predet erm ned vol tage, wherein said first termnal is coupled to a colum
line of $a082Tel Refewtineg btk @ Bige dNthd ®hsd maplifiér B3 thcludesainNaendes coupl ed

to a second portion of said resistive elenent, and wherein said first
t er mi renphifies poatien aafler Ruersc amplifier pertore Figu gl dapies thebbecase emplifiput s of a

tor: i t i d istar .t hird, .
b1 eqo BTHORCEt LT AT gEN-Segsr alipiGa A0 B Algit Forelemees fng 1%
| ‘ . . e . : ol
22:18 g@’&in é;‘):{)gl eI% girq?n?éleg vg ta g"?ﬂ?%gﬂ“?‘?@?i@%’@?ﬁ?%ﬁ%‘%ﬁ%; arsléﬁgm

conparmemody el bbigeeratt) satds ks sdupled tb agdatevof h-cgpé CMesoishsprad®Fand aed
vol tage a predetermned period of time after said act of discharging begins
i n or dast tegmdral of mi-type SMEYS transistpaB8800fA segodd detrhinahof Nhsenpeamphlifiesf3%) ai m

16, Ihereln 88 Sna900d Medslernen yol Lege) 50 o e LIS oL o
interest) and is also coupled to a gate of transistor 300 and a first terminal of transistor 305.
A second terminal of transistor 300 and a second terminal of transistor 305 are coupled to
a first terminal of CMOS transistor 310. A second terminal of transistor 310 is coupled to
ground and a gate of transistor 310 receives a Fire N control signal. The Fire N control
signal is received by the N-sense amplifier 350 a predetermined time after the desired

memory cell rowline is fired, as will be described below.

[0033] Fig. 4 depicts a P-sense amplifier portion 360 of a sense amplifier such as
sense amplifier 102. A first terminal of P-sense amplifier 360 receives digit complement
line D* and is also coupled to é gate of p-type CMOS transistor 330 and a first terminal of
p-type CMOS transistor 325. A second terminal of P-sense amplifier 360 receives digit line
D and is also coupled to a gate of transistor 325 and a first terminal of transistor 330. A
second terminal of transistor 325 and a second terminal of transistor 330 are coupled to a
first terminal of transistor 320. A gate of transistor 320 receives a Fire P control signal.
The Fire P control signal is received by the P-sense amplifier 360 a predetermined time

after the Fire N control signal is received by the N-sense amplifier 350.

[0034] Turning to Fig. 5, a flowchart describing an operational flow of the Figs. 1
and 2 schematic diagrams is depicted, in accordance with an exemplary embodiment of the

invention. In this exemplary process flow, the following parameters of the PCRAM cell are




16. The method of claim 14, wherein said act of discharging conprises

di schargi ng saY@o3/07isi9o term nal froma fourth predeterm ned voltage that is,
slightly different fromsaid second predeterm ned vol tage, sai q,Cfrpqért h
predet ermined vol tage resulting froma parsitic capacitance assoc 083674
with said colum line. 17. The nethod of claim 14 further conprising
changing said third predetermned voltage to a |level sufficient to rewite
said resistance level to said nenory cell after said nmenory cell has been
read. 18. THESHBEdoY) thit chaémd Vol 65801, sai dcgi;t “of changi ng conpri ses

i ncreasi ng rﬁ%g t%rd redet erm ne vol¥ %’ea de F &0 peagrachnpatde e gl ) d

vol tage. 19. & HEMs8g 140 S@h@:hhlglﬁ,tomﬁggir&i% | d act of jncreasing

conpri ses imzsvaﬁj)rtg ts&ii:d third predeterm ned vociets%%ap‘é\ﬂéllls woite a logic «17” js
approxi mat el y Vdd. 20 - THESTetasEsat éf appiraiimatd] ﬁ@?;ﬁh?%gg#&@i sing rewiting
sai d high KWgtfsa‘a‘mceldrﬁé&ﬁ'totlg salfh men@r cel Y 1’ “The fidJogam veltagel 4,
wher ei n sai ct of setting c%lrrprl %é%‘ 8%3’3 Oy) saitdhy FoA96 cﬂfrré{%i'd cel |
plate to a?)ghl‘gk(‘ﬁﬁ:hetl the\deistaee ¢ lllggs ggt hod of claim gl, wher el i $afRProximagely
setting c\?@,‘%g{?es setting said vo tgg dﬁ\‘g@aﬁ’d’g@eﬂp”blappﬁoﬁﬂla@&pqg \ ?WH
vdd/ 2. O EBROCPCIIEFaBIDEE idha 2dgid %) » [NE reyhod of cl i m 1PehRGf
said act ojoqugrgispggﬁldéi rst termnal of a trafsi¥ %?g@@mﬁhwapmﬂid&gr
said first termna S &adily epparent ehae @G ok 518ma€§groxi mately vdd. 24.
The met hodndfresibaheaskdl, 19@?5 ei n %ai d act of chargiAg w§and opsmsingsedtages
charging said gate to & va dectsd P75 e MERAM celbaglinbg: 5 ;f} i stive

el ement, BEAP9 ekthetieemdbval ue that woul d enabl e said (@:% FE‘E?“BB € spirit and
programmed. 25. The nethod of claim 24, wherein said act of charging said
gate conpri Z@@ ﬁ?ar%i ng said gate to a voltage | evel between said first and
second predet |3 ¥ne Wmmaqesbcgﬁﬁ.atﬁp&cgge&g&dc&?f ﬁl aj m 16, wherein said act
of di schargp Q&sstﬁ'égwg t _termnal conprise€s S0 ar‘dg‘i*?gm@atﬂom $e¥ke amplifier

IS
terninal f rjrﬁ’tcéll%/%@ ke gdoh {4 PR |t '
erm nal from appr oxi PdErabogdny fip ar\c/?'csp%gt?vc column lines 108,

1 iffer
06 from different memory arrays 100, 165. For purpos

es of this description, we will




27. The nethod of claim 26, wherein said act of discharging said first
termnal conprises discharging said first termnal from approxi mately Vvdd
plus appyegsisgdy 0. 1V. 28. The nethod of claim 14, wherRGTUNAOHT4ct of
conparing conprises conparing said vitage at said first terminal with said
second predeterm ned vol tage approxi mately 15-30ns after said act of

di schargi ng has begun. 29. The nethod of claim 14 further conprising
determ ning said nmenory cell has a logic H GH state. WO 03/ 071549

PCT/ US03/ 03674 22 30. The nethod of claim 14 further corTPri Si ﬂ%’ dtet1 rgm ni ng
sai d #@E{Yt ﬁ?dmﬂl&smﬁld DYoleage@ffappeemaBly 1 R5YeissescpbAt e s P35 L1 ed

val ue a progranmabl e conduct or random assess, e catbdSe SBhed
conpr i omgdifferachaf gpprpxamasedi €2V, te chdc%%v%@écgggﬁ*del?a% nal g%f an

access transistor of said cell to a first predeterm ned voltage; charging a
cel | pﬁ&?f@f(ﬁlgs id cell to a second predeterm ned voltage, said second
. predeterm ned voltage being a val ue between OV and said first predeterm ned

vol t age; 73pp|1¥ S| Bcﬂh!éﬂﬁ&ﬁ&ﬂ&iaewﬁcﬁadcesotﬂaagisx_otdlé is éwlqh#él%&lb‘? ed to
a gate oft'sal’'d access transistor such that a resultin v&ﬁpgg)gcross sai d
| oGl

Pr 0gr aERlbE of AfRdigitdine B riHdyis eetually mcgersed by @ppraxymakly ‘2l state of

said cell, but insufficient to programsaid, cel n)f%g f BErwRBsSi Ng
a st or agpvatimatay 26V0r der enhBYREUE GARATERBTC @&idg%{gg%gzéésl marr%? cell, the

met hod conpri sing: .pr.echar gi ng,.a_digi ' refEHie praaly ol Aproxivadtelky,
sai d ditthCOM%hB%ilﬁé éa%%lgcgbgiéfébé?&;én al of an access transistor

of sai g 6337' g&{‘c‘?{c? ib@{&vguf?&%it {Rleaberef cotaing lel 108 assacifiedswitlp terietlepsinBed
vol t agé, “sdi I'TST "predeterm ned vol tage_being a_ val ue bet ueen QV, and said
r ef er enggq yobt e D al 06; theirefermea diginlinpe Tor PREASHCRARBFIANCE | b%}a%le)l ying a
second Vgi'iigits irﬁrlnngt?gn ng ltécago%struction of the memory cell or an additional capacitance in
the form of a fabricated capacitor can also be provided which is switched in circuit and
connected with digit line D 108 during a read operation; therefore, in accordance with an
exemplary embodiment of the invention, the amount of voltage increase when the rowline

122 is fired can be controlled by the memory architecture. The increase in the voltage at D

108 is described at segment 514.

[0038] There are other ways to increase the voltage difference between D and D*, as
seen by the sense amplifier 102. For instance, a dummy row line 124 could be employed in
the memory array that is not of interest (e.g., 165) such that the dummy rowline 124 is
always on and precharged to Vdd (approximately 2.5V). Then, when the desired rowline
122 is fired, and the desired digit line D 108 is raised to approximately 2.6V, due to the
parasitic capacitance 138, the dummy rowline 124 is turned off and, as a result, the voltage
at digit complement line D* 106 drops to approximately 2.4V due to the parasitic
capacitance 138 between the dummy rowline 124 and column line 106. The end resultis

that D 108 and D* 106 differ by at least approximately 0.2V when D 108 begins to

discharge as described below.

[0039]  Still referring to Fig. 5, at segment 516, the digit line of interest D 108

begins to discharge from approximately 2.6V through the resistance of the programmable
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[0040] For example, at segment 522, a determination is made as to whether the
initial voltage on D 108 has discharged below the voltage on D* 106 in the predetermined
timeframe (e.g., 15-30ns). Referring back to Fig. 3, the voltage values at D* 106 and D
108 are respectively fed to gates of transistors 305 and 300. If at the predetermined time
t,, the voltage at the digit line D 108 is higher than the voltage at the digit complement
line D* 106, then D* 106 is grounded and D remains floating and considered as having a
high resistance level (e.g., logic HIGH) at segment 524.

[0041] It should be noted that rowline 122 may be turned off after the access
transistor 114 is turned on. Doing so, however, will present the programmable conductor
memory element 116 from being re-written. This may be desired when a logic HIGH was
read since a re-write may not be desired after each read operation of a logic HIGH as this is
the normal state of the programmable conductor memory element 116 and repeated

unnecessary re-writing may result in damage to the element 116 over time.

[0042]  Sdll referring to segment 522, if at the predetermined time t,, the voltage at
D 108 is lower than that at D* 106, then line D 108 is grounded and D 108 is considered

as having a low resistance level (e.g., logic LOW) at segment 526.

[0043] At segment 528, P-sense amplifier 360 is enabled, via control signal Fire P, a
predetermined time (e.g., 1-5ns) t; after the N-sense amplifier 350 is enabled. If a high

resistance level was recognized at segment 524 (i.e., D 108 is logic HIGH), then transistor
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43. The nenory of claim 42, wherein said chal cogenide glass has a Ge, Se

and  described above, raising the rowline 122 voltage to approximately \9dd is not necessary to
re-write a low resistive state; however, the rowline 122 is nonetheless raised in order to
facilitate re-writing a high resistance state. That is, if the programmable conductor memory
element 116 contained a high resistive state, then raising the rowline 122 to approximately
Vdd sets the voltage at point A to approximately 1.7V, thereby placing a voltage potential

difference of approximately 0.45V across the programmable conductor memory element

116 which is sufficient for re-writing.

[0046] Fig. 6 depicts a timing diagram showing a process flow for finding a high
resistance level, as described in connection with a portion of Fig. 5. For example, initially, -
both D 108 and D* 106 are precharged to approximately Vdd. At time t;, rowline 122
fires and turns on transistor 114. The voltage at D 108 increases by approximately 0.1V to
approximately 2.6V due to the parasitic capacitance 138 between rowline 122 and column
line 108. Then, line D 108 is discharged from approximately 2.6V for approximately 15-
30ns while line D* 106 is maintained at approximately Vdd. At time t,, N-sense amplifier
350 is enabled and compares the voltage at line D 108 with that of line D* 106. If the
voltage measured at D 108 is greater than that of D* 106, then a high resistance level is
recognized, as described in connection with Fig. 5. In addition, line D* 106 is forced to

ground (0V) at time t,. At time t;, P-sense amplifier 360 is enabled and line D is boosted

to Vdd and read as logic HIGH. At time t,, the rowline 122 voltage is increased from
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of D* 106, then a low resistance level is recognized, as described in connection with Fig. 5.
In addition, line D 108 is forced to ground (0V) at time t,. At time t;, P-sense amplifier
360 is enabled and line D remains at 0V and is read as logic LOW and line D* is
maintained at approximately Vdd. At time t,, rowline 122 voltage is increased from
approximately 2.25 to approximately Vdd. As described above, although this is not
necessary to re-write a low resistance level in the programmable conductor memory

clement 116, it is done so that other memory cells storing a high resistance level may be re-

written.

[0048] Fig. 8 illustrates a block diagram of a processor system 800 containing a
PCRAM semiconductor memory as described in connection with Figs. 1-7. For example,
the PCRAM memory arrays 100, 165 described in connection with Figs. 1-7 may be part
of random access memory (RAM) 808 which may be constructed as a plug-in module
containing one or more memory devices having the PCRAM structure described above.
The processor-based system 800 may be a computer system or any other processor system.
The system 800 includes a central processing unit (CPU) 802, e.g., a microprocessor, that
communicates with floppy disk drive 812, CD ROM drive 814, and RAM 808 over a bus

820. It must be noted that the bus 820 may be a series of buses and bridges commonly

used in a processor-based system, but for convenience purposes only, the bus 820 has been
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processing. As known in the art, parallel processor machines can be classified as single
instruction/multiple data (SIMD), meaning all processors execute the same instructions at
the same time, or multiple instruction/multiple data (MIMD), meaning each processor

executes different instructions.

[0050] The present invention provides a PCRAM cell 120 and a method for reading
the contents of the memory cell 120. The memory cell 120 consists of a programmable
conductor memory element 116 in series with a first terminal of an access transistor 114.
The other side of the programmable conductor memory element 116 is coupled to a cell
plate 118 that may extend across a plurality of programmable conductor memory elements
116. A second terminal of the access transistor 114 is coupled to a column line 108, which
can be the desired digit line (D). The gate of the transistor 114 is coupled to the rowline
122 of the memory cell 120. A first predetermined voltage potential (e.g., Vdd) is applied
to digit line D 108 and a reference digit line D* 106 of an adjacent memory array 165. A
second predetermined voltage potental is applied to the cell plate 118. thn the rowline
122 for a desired memory cell 120 is fired with a third predetermined voltage potential
(e.g., approximately 2.25V), the access transistor 114 is turned on and conducts and digit
line D 108 discharges for a predetermined time period (e.g., 15-30ns) at which time, line
D 108 and line D* 106 are compared with each other, with sense amplifier 102, in order to
determine whether the programmable conductor element 116 contaihs a high or low -
resistance level. The memory cell 120 being read is then prepared for a next cycle by

precharging both line D 108 and line D* 106, as well as the rowline 122 voltage, up to

approximately Vdd so that the high resistance level may be rewritten to the memory cell
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not heretofore described, but which are commensurate with the spirit and scope of the
invention. For example, although the invention has been described in connection with
specific voltage levels, it should be readily apparent that voltage levels very different than
those described herein can be used to achieve the same results. In addition, although the
invention has been described in connection with n-type and p-type CMOS transistors, it
should be readily apparent that complementary CMOS transistors can be used instead.
Furthermore, although the invention has been described in connection with a specific
polarity for the memory cell 120, that polarity may be reversed resulting in different voltage

levels being applied to the transistor 114, cell plate 118, digit line D 108 and digit
complement line D* 106. Accordingly, the invention is not limited by the foregoing

description or drawings, but is only limited by the scope of the appended claims.
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10//  precharging said digit line and said digit complement line to approximately Vdd.

3. The method of claim 1, wherein said act of precharging comprises receiving a
precharge control signal at a precharge circuit and coupling said digit line and said digit

complement line to approximately Vdd.

4. The method of claim 1, wherein said act of precharging further comprises

equilibrating said voltage on said digit line and said voltage on said digit complement line.

5. The method of claim 1, wherein said act of activating comprises firing a

rowline coupled to a gate of said access transistor.
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6. The method of claim 1 further comprising discharging said voltage on said

digit line for a predetermined period of time before said act of comparing.

7. The method of claim 6, wherein said act of discharging further comprises
discharging said voltage on said digit line from a voltage value appfoximately equal to said

predetermined voltage plus an additional voltage.

8. The method of claim 7, wherein said additional voltage is due to parasitic

capacitance between said digit line and a rowline coupled to said access transistor.

9. The method of claim 1 further comprising reading a low resistance level at

said element.

10.The method of claim 9 further comprising rewriting said low resistance level

into said element.

11. The method of claim 1 further comprising reading a high resistance level at

said element.

12.The method of claim 1 further comprising applying a voltage to a second

terminal of said memory element, said voltage being between Ov and said predetermined

voltage.
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13.The method of claim 12, wherein said act of applying comprises applying said

voltage to a cell plate ties to said second terminal of said memory element.

14. A method for reading a semiconductor memory cell, the method
comprising:

setting a voltage of a cell plate of said cell, to which a first portion of a resistive
element of said cell is coupled, to a first predetermined voltage;

charging a first terminal of an access transistor of said cell and a reference
conductor to a second predetermined voltage, wherein said first terminal is coupled to a
column line of said cell, wherein a second terminal of said transistor is coupled to a second
portion of said resistive element, and wherein said first terminal and said reference
conductor are coupled to respective inputs of a comparator;

charging a gate of said access transistor to a third predetermined voltage in order
to read said cell, wherein said gate is coupled to a rowline of said cell;

discharging said first terminal from said second predetermined voltage through
the resistive element; and

comparing a voltage at said first terminal with said second predetermined voltage
a predetermined period of time after said act of discharging begins in order to determine a

logical state of said cell.

15.The method of claim 14, wherein said second predetermined voltage is

greater than said first predetermined voltage.
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discharging said first terminal from a fourth predetermined voltage that is slightly different
from said second predetermined voltage, said fourth predetermined voltage resulting from

a parasitic capacitance associated with said column line.

17. The method of claim 14 further comprising changing said third
predetermined voltage to a level sufficient to rewrite said resistance level to said memory

cell after said memory cell has been read.

18. The method of claim 17, wherein said act of changing comprises increasing

said third predetermined voltage to said second predetermined voltage.

19. The method of claim 18, wherein said act of increasing comprises increasing

said third predetermined voltage level to approximately Vdd.

20. The method of claim 17 further comprising rewriting said high resistance

level to said memory cell.

21. The method of claim 14, wherein said act of setting comprises setting said

voltage of said cell plate to approximately Vdd.

22. The method of claim 21, wherein said act of setting comprises setting said

voltage of said cell plate to approximately Vdd/2.
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23. The method of claim 14, wherein said act of charging a first terminal of a
transistor comprises charging said first terminal and said reference conductor to

approximately Vdd.

24. The method of claim 14, wherein said act of chargiiig a gate comprises
charging said gate to a value sufficient for reading said resistive element, but less than a

value that would enable said cell to be programmed.

25.The method of claim 24, wherein said act of charging said gate comprises

charging said gate to a voltage level between said first and second predetermined voltages.

26. The method of claim 16, wherein said act of discharging said first terminal
comprises discharging said first terminal from approximately Vdd plus an additional

voltage.

27. The method of claim 26, wherein said act of discharging said first terminal

comprises discharging said first terminal from approximately Vdd plus approximately 0.1V.

28. The method of claim 14, wherein said act of comparing comprises
comparing said voltage at said first terminal with said second predetermined voltage

approximately 15-30ns after said act of discharging has begun.

29. The method of claim 14 further comprising determining said memory cell

has a logic HIGH state.
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30. The method of claim 14 further comprising determining said memory cell

has a logic LOW state.

31. A method for sensing a stored value of a programtable conductor random
assess memory cell, the method comprising;:

precharging a digit line coupled to a first terminal of an access transistor of said
cell to a first predetermined voltage;

charging a cell plate of said cell to a second predetermined voltage, said second
predetermined voltage being a value between OV and said first predetermined voltage; and

applying a third predetermined voltage to a rowline coupled to a gate of said
access transistor such that a resulting voltage across said programmable conductor memory

cell is sufficient to read a logical state of said cell, but insufficient to program said cell.

32. A method for sensing a stored value of a programmable conductor random
access memory cell, the method comprising;:

precharging a digit line to a reference voltage value, said digit line being coupled
to a first terminal of an access transistor of said cell;

charging a cell plate of said cell to a first predetermined voltage, said first
predetermined voltage being a value between OV and said reference voltage value;

firing a rowline of said memory cell by applying a second predetermined voltage,

said second predetermined voltage being sufficient to read said memory cell, but

insufficient to program said memory cell; and
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comparing a voltage read at said digit line with said reference voltage in order to

determine a logical state of said memory cell.

33. A semiconductor memory structure comprising:

a digit line and a digit complement line; R

a circuit for precharging said digit line and said digit complement line to a
predetermined voltage value prior to a read opcrati‘on; |

an access transistor for coupling a programmable conductor memory element to
said digit line during a read operation; and

a sense amplifier for comparing voltages on said digit line and said digit
complement line during said read operation to determine a logical state of said memory

element.

34. The structure of claim 33, wherein said predetermined voltage is

approximately Vdd.

35. The structure of claim 33, wherein said programmable conductor memory

element comprises a chalcogenide glass having first and second electrodes.

36. The structure of claim 35, wherein said chalcogenide glass has a Ge, Se and

Ag composition.

37. 'The structure of claim 33 further comprising a variable parasitic capacitance

between said digit line and a rowline of said memory structure, said variable parasitic
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capacitance causing said digit line to be charged to a voltage level higher than said

predetermined voltage during said read operation.

38. The structure of claim 33, wherein said digit complement line is associated
with a memory array different from a memory array with which saif'memory cell is

associated.

39. The structure of claim 33 further comprising an equilibrate circuit for

equilibrating said digit line and said digit complement line to said predetermined voltage.

40. A semiconductor memory comprising:

a programmable conductor memory element;

a column line;

a rowline;

a conductor for applying a first voltage to a first terminal of said programmable
conductor memory element;

a transistor for selectively coupling said column line to another terminal of said
programmable conductor memory element in response to a gate voltage applied to said
rowline;

a sense amplifier coupled to said column line and a reference conductor; and

a precharge circuit for precharging said column line and reference conductor to a

predetermined voltage prior to application of a gate voltage to said rowline,
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said sense amplifier comparing a voltage on said column line and reference line
to determine a resistance value of said programmable conductor memory element after said

gate voltage is applied to said rowline.

41. The memory of claim 40, wherein said first voltage®is'a voltage between 0OV

and approximately Vdd.

42. The memory of claim 40, wherein said programmable conductor memory

element comprises a chalcogenide glass having first and second electrodes.

43. The memory of claim 42, wherein said chalcogenide glass has a Ge, Se and

Ag composition.

44. The memory of claim 40, wherein said gate voltage is sufficient to read said

memory element but insufficient to program said memory element.

45. The memory of claim 40 further comprising a variable parasitic capacitance
associated with said column line, said variable parasitic capacitance causing said column line
to be charged to a voltage level higher than said predetermined voltage supplied by said

precharge circuit in response to said gate voltage being applied to said rowline.

46. The memory of claim 45, wherein said variable parasitic capacitance causes

said column line to be charged to approximately 0.1V higher than said predetermined

voltage supplied by said precharge circuit.
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47. The memory of claim 40, wherein said sense amplifier comprises:

an N-sense amplifier; and

a P-sense amplifier coupled to said N-sense amplifier, wherein said N-sense

amplifier and said P-sense amplifier compare voltage values at said*&dlumn line and said

reference conductor.

48. The memory of claim 40, wherein said reference conductor is associated
with a memory array different from a memory array with which said memory element is

associated.

49. The memory of claim 40 further comprising a dummy rowline associated
with said reference conductor, said dummy rowline normally being fired to a dummy
rowline voltage and when said gate voltage is applied to said rowline, said dummy rowline
is deactivated such that said predetermined voltage at said reference conductor decreases

due to parasitic capacitance at a column line associated with said dummy rowline.

50. A processor system, comprising:
a processor; and
a semiconductor memory structure coupled to said processor, said
semiconductor memory structure comprising:
a digit line and a digit complement line;

a circuit for precharging said digit line and said digit complement line to a

predetermined voltage value prior to a read operation;
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a sense amplifier for comparing voltages on said digit line and said digit

complement line during said read operation to determine a logical state of said

memory element. : Sekoa

51. The system of claim 50, wherein said predetermined voltage is

approximately Vdd.

52. The system of claim 50, wherein said programmable conductor memory

element comprises a chalcogenide glass having first and second electrodes.

53. The system of claim 52, wherein said chalcogenide glass has a Ge, Se and Ag

composition.

54. The system of claim 50 further comprising a variable parasitic capacitance
between said digit line and a rowline of said memory cell, said variable parasitic capacitance
causing said digit line to be charged to a voltage level higher than said predetermined

voltage during said read operation.

55. The system of claim 50 wherein said digit complement line is associated
with a memory array different from a memory array with which said memory cell is

associated.
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56. A processor system comprising:

a processor; and

a semiconductor memory coupled to said processor, said semiconductor memory

comprising;:

a programmable conductor memory element; - %

a column line;

a rowline;

a conductor for applying a first voltage to a first terminal of said
programmable conductor memory element;

a transistor for selectively coupling said column line to another terminal of
said programmable conductor memory element in response to a gate voltage applied to
said rowline;

a sense amplifier coupled to said column line and a reference conductor; and

a precharge circuit for precharging said column line and reference conductor
to a predetermined voltage prior to application of a gate voltage to said rowline,

said sense amplifier comparing a voltage on said column line and reference

line to determine a resistance value of said programmable conductor memory element

after said gate voltage is applied to said rowline.




