27 April 2006 TITLE OF I NVENTI ON COVPLEMENTARY BI T PCRAM SENSE AMPLI FI ER
AND METHOD OF OPERATI ON FI ELD OF THE | NVENTI ON [ 0001] The invention rel ates
to a nmethod and apparatus for sensing the resi stance%%m%%mmbl e
Conduct or' Random Access Menory (PCRAM el enent. BACK E

| NVENTI ON [ 0002] PCRAM devi ces store binary data as two different

resi stance values, one higher than the other. The resistance val ue
.represents a particular binary value of logic "0" or logic "1". Wen
sensing the resistance val ue ofTEIRCERAMNVENTION It IS common to conpare
the resistance of a nenory cell undergoing a read operatiqQn with

'resi stance of a ref @MLEMENTM&HrWﬁéMﬁENﬁgﬁMPBW@%aI ue of the

cell being read and thus it (o]o]! proach is disclosed in
U. S. Patent No. 5, 883, 827. MMTQ@?EMI%S sone limtations.

[0003] If the reference cell is defective and a colum of nenory cells
within an array uses a sane defective reference cell, the entire colum of
menory cells wll have erroneous resistance readings. In addition,

specialized circuitry is redfIELEHQRTHE IVENESONt ance value into the
reference cell, and_a sense anplifier ircuif for. such r{fangement
tends to be MR;I]eXTéﬁdﬂ‘fC&F‘@‘é?th%@ﬁmfgllﬂ{%ﬂ ppatg Lsilg'hsge sc%éﬁrrés for PCRAM
devi ces al so_tend t ' FoRIESAbR ScbRiMénbs (BCRAMENt from
that nor mal |Efs%tﬁ%f%‘gfe%%%‘?‘y‘%‘?@g%m circuits. Alt hough( PCRAM' s di ffer
from DRAM s ¢lemkh@at they store | 27 April 2006

BACKGROUND OF THE INVENTION
[0002] PCRAM devices store binary data as two different resistance values,
one higher than the other. The resistance value represents a particular binary
valne of logic “07 or logic “1”. When sensing the resistance value of a PCRAM
device, it is common to compare the resistance of 2 memory cell undergoing a
read operation with resistance of a reference cell to determine the resistance value
of the cell being read and thus its logic state. Such an approach is disclosed in
U.S: Patent No. 5,883,827, However, this approach has some limirations.

[0003] If the reference cell is defective and a column of memory cells within
an array uses a same defective reference cell, the entire column of memory cells
will have erroneous ;csistancc readings. In addition, specialized circuitry is

required to write a resistance value into the reference cell, and a sense amplifier

circuit for such an arrangement tends to be complex and large.

[0004] Typically, sensing schemes for PCRAM devices also tend to have 2
unigue architecture which is different from that normally employed in typical
DRAM circuits. Although PCRAMs differ from DRAM’s in that they store




binary values in resistive nenory elenents rather than as charges on
capacitors, and although PCRAM s are non-vol atile, where the capacitor
structures enployed. in DRAMs are vol atil e, nevertheIQ?sz‘p\iliéi @@é;l d be
desirable if the read and wite circuits for both deviTe F s simlar
as possible so that existing DRAM nenory device architectures could be
easily adapted to read and wite PCRAM devices. BRI EF SUMWWARY OF THE

| NVENTI ON [ 0005] The present invention provides a PCRAM nenory device and
its method of operation which utiljzes a read, archite wﬁ%;ﬁ“ ar to that
enpl oyed i bimomalBRAMresstiye yemoFy & Cnﬁlﬁgﬁr% crjt‘B rent M nenory
cells conpri SI f| rs second am_t;_ QLS}QH: §fuctesdry el enents '
are enpl oyéﬁ L’ﬁﬁ@@t‘é&f‘t rtgé%g%tlve a%ggss t?gnm stors. During a

wite operghj g&t:dtxﬂﬁi)ﬁ)&mia:@ﬁdlaﬁl%?ﬁaftrﬂﬁtwsyveitﬂdrbndsswbb ifpteresh vv| th
conpl enent ary nary values, that is: if th flrsgﬂﬂe F%‘e
witten to andhvrghcneﬂtsébahoél davisee WEEHRS ag PeSHRIC A f/’nsg%me is
witten to a_l resi stance st. Ap el tS keddBABMHE! ement i s
witten to Pﬁ%?’é&%gﬁ%‘é‘a argltlgetc rc%’\?g.{ltg%ggh; r)t))ry element is witten to
a higher reg (?V?(tc@te [ 0006] Dur| ng a read operation of, for exanple,
the first rrem)ry element, a sense anplifier is connected so that its
respective inputs are coupled to receive respective precharge voltages
whi ch di scharge through the first and second nenory elenents. A sense
anplifier reads the di schargi ng vol t ages through the two nenory el enents
to determne which is th ;I}(Bﬁf MTTORI Ng 2 27 April 2006
t he resi stance (high or ﬁ&{ﬁ@? ogi ¢ state igh or low) of the nmenory
cel | being [b@@g] The present invention provides a PCRAM memory device and its

method of operation which utilizes a read architecture similar to that employed

in some DRAM memory devices. A pair of complementary PCRAM memory
cells comprising first and second programmable conductor memory elements are
employed, each connected to respective access transistors. During a write
operation, the first and second memory elements are written with
complementary binary values, that is: if the first memory clement is written to a
high resistance state, then the second memory element is written to a low
resistance state; whereas if the first memory element is written to a low resistance

state, the second memory element is written to a higher resistance state.

[0006] During a read operation of, for example, the first memory element, a
sense amplifier is connected so that its respective inputs are coupled to receive
respective precharge voltages which discharge through the first and second
memory elements. A sense amplifier reads the discharging voltages through the

two memory elements to determine which is the larger voltage, thus determining




BRI EF DESCRI PTI ON OF THE DRAW NGS [0007] These and ot her features and
advant ages of the invention will beconme nore apparent fromthe foll ow ng
detail ed description of exenplary enbodinments of the inventi ich are
provided in connection with the acconpanying draw ngs an :'25:0 [ 0008]
Figure 1 shows an exenplary PCRAM devi ce; [0009] Figure 2 is a schematic

di agram depi cti ng one aspect of the invention; [00010] Figure 3 is a
.schematic di agram depicting an additional aspect of the invention; [00011]
Figure 4 is schemati,c. di o A b neseeg kelDf t he

i nvention; [@’6(5 anlgfzéﬁxlgg ogqéﬂg]av\"fgf e sﬁ%é‘%ﬁ?g’g%ﬂ?@har acteristics of
«capacitors y¥gd in the invention; [00013] Figure 6 shows the invention
utilized in a conputer system DETAILED DESCRI PTI ON OF THE | NVENTI ON

[ 00014] The present invention enploys a sense anplifier architecture which
is sonmewhat simlar to that enployed in sonme conventional DRAM devices to
sense 3 27 April 2006 the resistance states of PCRAM nenory cells. In the
i nvention, a binary val g REET THBEDIOWINGSue in a first PCRAM
cell while its conpl erre%?nr:‘gsﬁg%gnce a%an@uFe Is stored in a second PCRAM

cel . Duri ng[o0@jouThesk ahtethér fedtmRERAMMdGaLiges bbthe ipemaonsEll pecome used to
di scharge a precharge voltage into respective .inputs of, a sense anplifier
whi ch reads mﬁ@WS@ﬁ*&ﬁQ@lW@H@W@gth%géFmgoPﬁgcx%%lﬁgt ance and thus

t he binary val

Lo bl nar y Vgl stk Rkt eheishRidA Whlen BRI Rb in BRchoh Ritahe o

accompanying drawings in which:

C

[0008] Figure 1 shows an exemplary PCRAM device;
[0009] Figure 2 is a schematic diagram depicting one aspect of the invention;

[00010] Figure 3 is a schematic diagram depicting an additional aspect of the
invention;

[00011] Figure 4 is a schematic diagram depicting an additional aspect of the
invention;

[00012] Figure 5 shéws the discharge rate characteristics of capacitors

employed in the invention;

[00013] Figure 6 shows the invention utilized in a computer system.

DETAILED DESCRIPTION OF THE INVENTION
[00014] The present invention employs a sense amplifier architecture which is

somewhat similar to that employed in some conventional DRAM devices to sense
3




[00015] Figure 1 illustrates an exenplary cell arrangenment provided wthin
a portion of a PCRAM nenory device constructed in accordance with the

i nvention. A PCRAM nenory elenent 102 is illustrated which has a

chal cogenite gl ass body and | ower 103 and upper 104 corduéPsi300hs is wel |
known, a progranmbl e conductor nenory el enent has two stable resistance
states: one high resistance and one | ow resistance. Normally, when at rest
the nmenory has a high resistance state, but it can be progranmed to a | ow
resistance state by suitably applying bias voltages to the conductors 103
and 104. Typhe asistance statas ofl PCES Miraemontaslles bf the 1p@RAvNne binayy wlement i s

h terized_ b dendrit wht t hal | t I bod
ol ong the surtorey abt <ot kG Ak BCHAM cel S B coelerachs hebiaise L of s
103 and 104. v@iﬁtﬂ'wﬁorcrd‘iﬁ'a%t‘:@dﬁd IZIGRIAM kll. Pbi&ﬁﬁg}ca\ﬁﬁﬁf‘o}‘ hi'fizs BCRAMSUCH

dendrite gromh. The grown dendrite is relattvely non-volatile in that it
will remain icelldich @GRAMacelle|ant nsed tp didchage hipreshasgegeolddgy mtorespeative, af t er

t he bi | t [ d,..[00016] As furth h ' ' . , th
e o128 vol Lad b LoRued ol O001el e iRt Shou L KM b e e
transi stor ZQJsiﬁfﬂicEEnH%l% :'9 Y vaue Wakdd ih'ﬂ@ﬁ%@?dﬂﬁkcﬁg{neﬁgréo?}%ogat e

structure of transistor € access transistor 1S cou ugh

conductive phkesgl detation.one of the conductors 103 4 27 April 2006 of the
PCRAM nenory -el ement. The ot her conductor 104 of the PCRAM elenent is

connect ed by .cell plate 109 to bi as voltage, which is, common to
ot her PCRAM L@?r@fm&éﬁgﬁt Bftmﬁcwpfq%cﬂwﬁ%ca@w providedgighin e Fi gur e

L LS SRR anD L e s T

shows anot heinvantes.s AIPGRAMS iriefozil ¢eflichy 202 Bill@stwddiwhichehad @7
chalcogenite glass body and lower 103 and upper 104 conductors. As is well
known, a programmable conductor memory element has two stable resistance
states: one high resistance and one low resistance. Normally, when at rest the
memory has a high resistance state, but it can be programmed to a low resistance
state by suitably applying bias voltages to the conductors 103 and 104.
Typically, the low resistant state of a PCRAM memory element is characterized
by a dendrite growth through the chalcogenite glass body or along the surface of
the chalcogenite glass body between the conductors 103 and 104, A high
resistant state is present when there is no such dendrite grdwth. The gréwn
dendrite is relatively non-volatile in that it will remain in place for a relatively

long time, e.g. days or weeks, after the bias voltage is removed.

[00016] As further shown in Figure 1, the PCRAM memory element 102 is
coupled by a conductive plug 101 to an access transistor 207 which is driven by 2
word line 105 which forms the gate structure of transistor 207. The access

transistor is coupled through conductive plug 101 to one of the conductors 103
4



whi ch is connected through conductive plug 99 to anot her PCRAM nenory
el ement 104, which in rumis also connected also to the conmon cell plate

109. Access transistor 211 al so has one term nal connezi;zt dﬁig (%')git l'ine
118. [00018] Figure 2 shows an electrical schematic arr né@ PO a menory
array enploying the cell architecture illustrated in Figure 1. Thus, the
top portion of Figure 2 illustrates the transistors 207 and 211 coupled to
.the respective PCRAM nenory el enments 102 and 106 with the access
transistors f%%c?g%}g%ﬁfme@w&ha&. thie: sEedondetertos of RPGRAM 06 to the
digit line s 19 also illustrated in Figure 2,w&6ﬁorrpl enentary

vdigit 1ine @éhedid comecrtdsy peanmindedell plathEShisnbpips witags, whi ch anot her

set of access transistors i connect.ed which.are i gprected to
ot her PCRAMSGTBRER O otherd) QPS“?MFB““Q%?}FWVS & F%V&%sc} s’Potﬁ? h%hgblrﬁ gle
conplenmentary pair of PCRAMcells is illustrated as 300. It includes

transistor E&foﬁgd %%%?%} 22 RERAVIRIDPERANS AR Alte kO, in wititictwe s coupl ed
to the digi I'ne 1 , and an access transistor, 209 alrlig ssoci at ed
* PCRAM nmenor ydjgdeanmiginatp delis MoFc Al hae coplsddd agcomanept digit e Jlso ﬁ%‘ﬂ ).

[ 00020] During a wite operation, a row |i 04 ' | 15 eC led to
transi stor Pigrrahalsashoyws an "ff?%ﬂwt?%i‘ﬁo%%\fcgab\e{]‘{o&ﬁda%scig}tj}gr 209 are
activated 5 27 | vk STRiBIht BECRABDIeR@R?yi s written
to a high r‘évéfcgﬁg%(g{emé?g%&& ﬁ/lﬁcetfer?zn 124 is witten to a ] ow

resi stance slaiet 100 GviiilcE ten ssaalsol connbited asmyg thrcrmmee sl plag Hient s 102

and 124 are accessed together and always store,conplenentkary resistance
digit val ueégcahnwascylﬁ%ilrﬁésq hﬁtomémwﬂﬁﬁﬁ??c%'f%gﬂgﬁﬁ“’fgﬁ‘

is the primary
el ement which is being witten to and read from a sense anplifier 210

which i's COt@bl?PS]t O Hdife 9isBb¥s bt BRSurithi%cRIfarik20ralifément of a memory
array employing the cell architecture illustrated in Figure 1. Thus, the top
portion of Figure 2 illustrates the transistors 207 and 211 coupled to the
respective PCRAM memory elements 102 and 106 with the access transistors

207 and 211 coupling the memory elements 102 and 106 to the digit line 118.

[00019] As also illustrated in Figure 2, a complementary digit line D1* 120 is
also provided in the memory array, to which another set of access transistors is
connected which are in turn connected to other PCRAM memory elements. To
simplify discussion, a single complementary pair of PCRAM cells is illustrated as
300. It includes transistor 207 and associated PCRAM memory element 102,
which is coupled to the digit line 118 (D1), and an access transistor 209 and
associated PCRAM memory element 124, which are coupled to digit line 120
(D1*).

[00020] During a write operation, a row line 104, which is coupled to

transistor 207 and a row line 113 which is coupled to transistor 209 are activated
5



read the val ue of PCRAM nenory el enment 102 by conparing a discharging
precharge voltage on digit line 118 to the dischargi ng precharge vol tage on
digit Iline 120 during a nenory read operation. [00021#€TB§5. 25(5' or to a
menory read, a precharge voltage is applied to conplen€n W ébit | i nes
118 and 120 by a precharge circuit 301. The precharge circuit is activated
by a logic circuit on a precharge |line which activates transistors 305 to
supply a voltage, for exanple, Vcc/2, to both digit lines 118 and 120.

[ 00022] An equi li brat [ rcuit 3Q3 may, al so be provi.ded which is activated
by an equi F?‘E%@PE@%M@FP’QW %q?@“ﬁr PEFHTES o2 high resistanes $atead 1o
ensure thatP@l@:PiV BG40 “lc]i;'ng . :vol t ages
on lines 118 an 1‘.%1(%{.l are‘%gl 5%*3@?3%#%%‘5@%3‘#@2% !}Ee i nes.
Af t er prechsnage PAIRAMuembbr dérmerdts 102 pné 324 taye sdcessed topetiee amd hliwapd ed, a
read operation may be conducted on the conplinentary cell _pair 300. This
read oper at FOF FAOPlemsatary fesistance @B@é’ﬁb‘a‘fs-dgﬁ&? psspmingtha YeRAM yhich i s a

sinplificatj £ 0.1 . RParasitic
capaci t anceH%(%?&{( ﬁ%ﬁ%ﬁ%@%&%%@ Fﬁ@g‘}ﬁﬂ%g&’%g‘%%% ir%‘rdlalust rated
as Cl and Cfrom, hkenscesnsificr L0 aBEBIS coufed tes ey digi? Qresdl@ 249 H) will

illustrated as connected to their respective word |ines 105 and 113. The 6
27 April 20tRdphralneefBORAN aresrery elapens 392 tycommparing s slischarging at ed. As

d, bi | ' d, le, .| CRAM ner
ol ement - 10205k Potfeq o BpREF 145 % B ARRb Fring e Eres YRITGH PLOR ance
val ue or a Mg@gﬁ%&q&m@@q&doﬁmﬁ&he conpl enentary resi stance val ue

will be stored in PCRAM nenory elenent 124. [00024] During a read

operation, the P echarge vol tage applied to the ) )
[000Z1] Thus, prior to a memory read, a precharge voltage is applied to

complementary digit lines 118 and 120 by a precharge circuit 301. The
precharge circuit is activated by a logic circuit on a precharge line which activates
transistors 305 to supply a voltage, for example, Vec/2, to both digit lines 118
and 120.

[00022] An equilibrate circuit 303 may also be provided which is activated by
an equilibrate signal after the precharge circuit is activated to ensure that the
voltages on lines 118 and 120 are the same. The voltages on lines 118 and 120
are held by a parasitic capacitance of the lines. After precharge and equilibrate (if
present) circuits are activated, a read operation may be conducted on the
complimentary cell pair 300. This rcac{ operation is illustrated in greater detail in
Figure 3, which is a simplification of the sense amplifier 210 input path.

[00023] Parasitic capacitance for the complementary digit lines 118 and 120
are illustrated as C1 and C1*. The respective access transistors 207 and 209 are

illustrated as connected to their respective word lines 105 and 113. The

6




conplenmentary digit lines 118 and 120 is allowed to discharge through the
access.transi stors 207 and 209 and through the respective resistance val ues
of the PCRAM nenory el enments 102 and 124. Because the resistance val ues
will be different, one high and one |ow, the voltages QYnAﬁ’ﬁ‘ézﬁ‘?(git | i nes
D and DI* (118, 120) will begin to diverge during a read operation.

Al t hough the voltage initially applied to the conplenentary digit |ines
118 and 120 is a voltage of Vcc/2, during a read operation this voltage
actual ly is sERAWS kyeribgh 160 PXIIRE leh il M ead forkdla tihggence of
the parasitic capa(k:rlyct anlge%é}%snd CFIE* on the digit lines | IS aﬁg 120, as
wel | as gat evalreds sroeedydod dxangpde, iim hetreory PARAMmerhogrdesemrld2207 and 209.

[ 00025] Figure 5 illustrates the voltages,. on the conplenentary digit |ines
118 and 120F#stARGsg" erefaernlibercmw Kesistaace yalie 92 41w FIREtReh ¥l¥S nes 105
and 113 is ] alse S : L it kh}([ | t age of
Vcc/ 2 + appr%%%%é@%%v% c’%ncg%lgg?ﬂ%tﬁég%{%&%ﬁ%?t |%{§§mép and D1 *
begi ns to dedayentBdause one PCRAM nenory el enent, e.g. 102, has a higher
resi stance than the other, the voltage on the digit |line associated with

t he | ower reﬁi’ stgrjlce val ue, e.g. 124, will _ decay, fastey Q}gﬁ t he vol t age
on the di gi 140031 coliyriag 2read ARcTRiigm ke PrshapaHRiec AP (02, DL. This is
L1 ustrated Ll Ol Ergiet 1Bés £98 bid FO0R I0R0200 b d HELAANAR Of the two

vol t ages on pr ogr essi vel'y I ncreases.

predet er m negtcéss tRandétbar207had/@0%and tesugtOhe abgecthkIesstancctineadfatte t he
sense anplifier 210 is activated. The sense anplifier can have an
ar chi t ect ur ePeRpMemempre glsmepesl 0hand BéaBesarseride resistangs valhes vl bey | ustr at ed

in Figure 4. .. nse. amplifier,in e n P li,fder latch 302
and a Psensedlgyrfgﬁ’ %l“ é?u@?%cﬂg%{ .w"flﬁel goqlsaggsu‘i? ﬁ}eeﬁ%‘s% h?‘?ﬁ %g%fl % eld in Figure
4. (118, 120) will begin to diverge during a read operation. Although the voltage

initially applied to the complementary digit lines 118 and 120 is a voltage of

Vee/2, during a read operation this voltage actually is slightly higher by

approximately .3mV due to the presence of the parasitic capacitance C1 and c1*
- on the digit lines 118 and 120, as well as gate-drain capacitance inherent within

transistors 207 and 209.

[00025] Figure 5 illustrates the voltages on the complementary digit lines 118
and 120 during a read operation. The activation of the word lines 105 and 113
is illustrated as a pulse signal, and initially the voltage of Ve /2 + approximately
.3mV which exists on both digit lines D1 and D1* begins to decay. Because one
PCRAM memory clement, e.g. 102, has a higher resistance than the other, the
voltage on the digit line associated with the lower resistance value, e.g. 124, will
decay faster than the voltage on the digit line coupled to the higher resistance
value, e.g. D1. This is illustrated in Figure 5,



[ 00027] Reverting back to Figure 5, the N sense anplifier is fired first at
a tinme tl. Wien the Nsense anplifier fires, the digit Iine whi ch has the
| ower voltage, e.g. D1* in the exanple, is immediately gr ound.
Thereafter, the Psense anplifier is fired at a tine t22 pg 2B‘I)é)ves t he
hi gher voltage line, e.g. D, to Vcc. Accordingly at a tinme t2i the sense
anplifier 210 outputs a value of Vcc indicating the high resistant state
for the PCRAM nenory el enent 102. [00028] Although Figure 5 illustrates the

signal timn cu.s. when PCRAM nenory el.enent 102 »a higher

resi stance tﬁ%%ﬁ@ é‘ e °fﬁl}%%6%€7ﬁ flf'Feh”fFE#a $§3el S are
reversed if BripAREIIRYedbe VRIY prﬂeaatehﬂﬁaed%n&@a&drw Vord HifesSIOBt hdand PCRAM
menory el ement 124 has a high 'resistance state. That is, the signal

di agrans il | &$3 peetastivited t the stisgamplifendl( i activated. hEhalsegse amplifyes coh * goi ng
towards Vcc and t he .di g't i ne 0i round 29] Figure
al so illust rg? VESDATTHRE "rﬁgﬁ’éﬁ?pyﬁfnp?cﬁégqﬁﬁm Bﬁxﬁﬁcgt'%!a volgt age
for row |inegud@Red Hﬁg‘xx?&ﬂe@ﬁ&?agér&g‘aﬁ?ﬂﬁcr%&lﬁﬂé AN st Qm?hi?&%ﬂ:hve

vol tage near Vcc for a read operatio his voltage then returns to near
ground | eveBODbefida Pstiise as@hﬁer lawch| 30/ €Fhis smemmanrtal uadluéﬂnﬂ:&dmethmc 4Asa
result, there is no rewiting of a read PCRAM nenory el enent. |f such

173 havi ng o[ FRIATY, Betsiting b3 desﬁgﬂreqstzge%%ﬁﬁ?ﬁ% i R Tow
resistance SHake, WhinhRe Nserte URIHAGLRIE AL hich 84 iRQoRRET ati on of

t he sense arrpllfler 210, which W'l T automati y rewite (refresh) the
read cel | t ovaltage)ogy Ek§mﬂmmmpﬂeausamr{1&ﬁﬁ81§)]p1ﬂedmgmtmtbgfmﬁete cont act

menory elenmentsg are resistive rather than capacitive nmenory el enents, it
i s possible ¥ }ﬁcﬁﬁclafnpj‘éﬁ’é‘slﬁé?fbgra e sy whichyiaves the higher yoltaggling, exge and to

ground than Byt ypigal AGHRAGEY Y G FEE! theGe BT Mplifier 210 outputs a value of
Vcc indicating the high resistant state for the PCRAM memory element 102.

[00028] Although Figure 5 illustrates the signal timing which occurs when
PCRAM memory element 102 has a higher resistance than memory element
104, obviously the signal levels are reversed if PCRAM memory ¢lement 102 has
a low resistance state and PCRAM memory element 124 has a high resistance
state. That is, the signal diagrams illustrated in the Figure 5 would have the digit
line D1* going towards Vec and the digit line D1 going towards ground.

{00029] Figure 5 also illustrates another aspect of the invention. As shown,
the voltage for row lines 105, 113 increases from near ground level to a positive
voltage near Vcc for a read operation. This voltage then returns to near ground
leve] before the sense amplifier is enabled (before t,). As a result, there is no
rewriting of a read PCRAM memory element. If such rewriting of a PCRAM

cell is desired, then the voltage on row line 105, 113 having a memory element

8



found within a DRAM Supposing that to be true, ol der DRAM sense anplifier
desi gns that run sonewhat slower than the | atest generation of DRAM sense
anplifiers could also be used with PCRAM nenory cells. 7312 ai&gégage of
doi ng so woul d be that these ol der DRAM sense anplifier eady been
shown to performeffectively, and their test infrastructure is already
confirmed. Consequently, a hybrid nenory consisting of PCRAM nmenory

el ements using DRAM sense anplifiers can be produced having the advantages
of PCRAM t eghnQlio@¥ere 8 a R PisPirod tate) htay tuiac i vplcagedevehargsdivsi vel y.

[ 00031] Although Figure 2 shows the conplenentary progra bl e. cont act
nenory el enedtridgapeaion 6bthascnsesodifior 210, yduds Wil ?“éﬂg’?g‘rf’%??%tﬁ di git
lines D and D* as bein ovided in.the menory array, the

conpl ement ar {refr %/rcé‘géma?ﬂf?,c ggcrgsgsgaq%ﬁ%ﬁst ors and digit lines may al so
be provided in respective different nenory arrays. [00032] Figure 6 is a
bl ock di agr aE@@(ﬁ?,(ﬁ] PRRERSS PloghARRMADRDhEIT dethory elementsgure wesipBRARheEnOr v
device 200 constructed in accordance with one of the enbodi nents of the
present i nvethanonpaciive mermonsdemensadeis poysible sheyonlltake BErIOPYHHIE er

system a process control system or ot he gr[q&l, ' processor
and associ at é@?]’é??éi“?.to%lﬁé%éﬁ&ﬁ’“ﬁﬁ%&ﬂéﬂ?&é%%ﬁ%@%ra cg?gfgglseg}:ng 9 27

Apr L 2000 URldad . Guppidll (haOR IRCESE @lder THRAM: semm amnplifiees wi t h
t he PCRAM rrgérr%nr%/ eviaélg% anpoP alr{@llo devi ce 404 over_a 420. 1t nust

be noted t haksighserhbimnsdmenhyt dewer ten ithslatsst gapseationrf ¥85comonl y
used in a processor-based system. f conveni,en nly, the
bus 420 has Bewlifiess FP%léta}ﬁﬁ‘tt&dlsﬁg“ad&ﬁB‘f‘gj B’(ﬁ’gfo%ccslgtoelﬁlépﬁl&? @ g%v?fge 406 is
I I'1ustrated, glgﬁ} siosw&ﬁ&E&%ﬁ&ﬁﬁé&réﬁd&%m§én§@aﬁ1§ﬁﬁér§llﬂﬁfbtdhﬁﬁdy Hdea

al so

processor - ba

ystem .
shown to perform effectively, and their test infrastructure is already confirmed.

Consequently, a hybrid memory consisting of PCRAM memory clements using
DRAM sense amplifiers can be produced having the advantages of PCRAM
technology, yet being producible quickly and inexpensively.

[00031] Although Figure 2 shows the complementary programmable contact
memory element 102 and 106 and associated access transistors and digit lines D
and D* as being provided in the same memory array, the complementary
memory elements, access transistors and digit lines may also be provided in

respective different memory arrays.

[00032] Figure 6 is a block diagram of a processor-based system 400 utilizing
a PCRAM memory device 200 constructed in accordance with one of the
embodiments of the present invention. The processor-based system 400 may be
a computer system, a process control system or any other system employing a

processor and associated memory. The system 400 includes a central processing

9




i ncl udes read-only nenory (ROM 410 and may include peripheral devices such
as a floppy disk drive 412 and a conpact disk (CD) ROM drive 414 that al so
comuni cates with the CPU 402 over the bus 420 as is we kN in the art.
[ 00033] One or nore nenory devices 200 may be provi ded nﬁé’”gﬁﬂ%gl n menory
nodul e 256, e.g. SIMM DI MM or other plug-in nenory nodule, for easy
connection with or disconnection fromthe bus 420. While the invention has
been described and illustrated with reference to specific exenplary

enbodi nents, it ul.d be understood that man Lfieatd

substituti ongmééﬁi}gﬁ ng%g"\ﬁ‘{“ﬁﬁctﬂmﬁ’éi?é{r aﬁaorp%g%?cghcg'wg% l!rhi\gpﬁcang scope of
the inventi Oﬁlcnﬁﬁfﬁé\qémg/ané HE1 /OUEORE 408 ovér Aigks 420. e e bt deteld as
limted by the foregoing description but is only limted by the scope of

t he appendedthit ahatisus 400 rhdy B a sqrieslof oSS and bridges ¢esemonlydised i3 ng a
progranmabl e conducjior ,nmenory device conprising. StorLi i;nary val ue as
respective rB@%’ESSﬁE:%‘C‘éf}é?Fé%’ ‘?“r? qr ‘F‘?”r"§fneﬁn%cfl§88%ﬁ8 _YpF*th‘?‘éf : b\ég}]ductor
menory el eneihsihel &l sihfie tu SUNCBRRPT AOUchce 406 RAllbimtdS but it

pr ogr ammabl e conduct or nory element “is conplenentary to the resistance
state concur nedbssayy wipracite ithe inkentiarc ofible prosessanbasot eystam d@ftalse menor y

el enment: determning a binary value stored in on f sajd progra bl e
duct nifeiidgs eadrasht B i RORAY 4 hand way Befidsepahtrabae™en i sai d

ot o el sl g e b o .

bi nary val ue sfor@& o%ﬁoy inlthe one o? salg ?I )st angﬁ?s%econd pr ogr ammabl e

conduct or negehhualcene it thBiCHU | 405 berrithgbas 420ag iesicEkanvm istle &t. 2. A
nmethod as in claim1l wherein said discharging conprises:

[00033] One or more memory devices 200 may be provided on a plug-in
memory module 256, e.g. SIMM, DIMM or other plug-in memory module, for
easy connection with or disconnection from the bus 420. While the invention has
been described and illustrated with reference to specific exemplary embodiments,
it should be understood that many modifications and substitutions can be made
without departing from the spirit and scope of the invention. Accordingly, the
invention is not to be considered as limited by the foregoing description but is

only limited by the scope of the appended claims.
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prechargi ng conplenentary digit lines to a voltage value; and respectively
di scharging the voltage val ue on each of said conplenentary digit |ines
through said first and second progranmmbl e conductor nenory el enents. 3.
The method as in claim2 wherein said precharged vol t agt/ variiét¥h said
conplenmentary digit lines is dischar ged]l hrough sai d respective first and
second programmabl e conductor nmenory el ements by enabling access

transi si tors rekspecthvesthodefaperaingd pwgramanbdle ewhdsetpomeinesyt daike second
program*nalbcl()%1 %%pnduct or nenory elenents. 4. The nethod as inis claim3
further corrprpl Si ﬁj’g conpleting said precharge before enabling said access
transi stors. 5.stdii ABhBEG i dsiespedtive isibtdhdd iteCOINPRtstarisceand | | brating
said digit |ines before enabling said access transistors. 6. The nmethod as
in clai m Progenemably epnduetparesony elemsnt wherein thercsistngs sigtemeh gy thene

di schargi vol 1 age ' ' : elenent 1d 1 gher or

| oner of t 8t ]%}\%mc ’%%E%‘?@dﬂét%géﬂwgg gféglr?gaggtg %'Bttl ng gt# ;ﬁlre ggﬁsltgﬁc%7 Apri |
2006 bi narsyaty adbne@rrefitl ftorediis ciwesegdmbproglahagsblasaniacat adtmwiry blehteat:sai d one

menory elenment _is the higher voltage and outputting a second binary val ue
i f the dischar ﬁ%\%ﬂ%&&%‘%%‘&&ﬁ‘&?@d%ﬁﬂy &l o W@W_ﬁﬁyn&%en_t is the
| ower vol trﬁ&ﬁotﬂeleﬁ[%ﬁ%?gHﬂ%&'?i?(g"r&lp%tWemo@ta AthdREh SAAREdRA) G1S&intd Ng a

digit line having her harge voltage to a first prédeterm ned
vol t age statleocmpdrisgtieidisghargiigvdltagessend havi ng a | ower di schargi ng vol t age

to a second predet.erm_.ned voltage state. .8, The t. as.in cl.aim?7
hherer m o Pt RSO Ut vD Srerd bk 1 the GRS ghstid S ARd Pephdacond

pr edet er mpgsaM@l 49 ndSctod RRmTR) BiefheA] willctFisaidMnd bR Biiftas@ sthtsecond
predet ermned vol t age

2. A method as in claim 1 wherein said discharging comprises:
precharging complementary digit lines to a voltage value; and
respectively discharging the voltage value on each of said complementary

digit lines through said first and second programmable conductor memory elements.

3. The method as in claim 2 wherein said precharged voltage value on
said complementary digit lines is discharged through said respective first and second
programmable conductor memory elements by enabling access transisitors
respectively associated with each of said first and second programmable conductor

memory elements.

4. The method as in is claim 3 further comprising compieting said

precharge before enabling said access transistors.

5. The method as in claim 4 further comprising equilibrating said digit

lines before enabling said access transistors.

6. The method as in claim 3 where said comparison comprises:
determining whether the discharging voltage associated with one memory

element is the higher or lower of the two discharging voltages and outputting a first



is ground voltage. 10. The nethod as in claim7 further conprising

di sabling said access transistors before said digit lines are set to said
first and second voltage states. 11. The nethod as in claim7 further
conprising enabling at |east one of sahg access transi 3{ *IlE¥Png a tine
when said digit lines are set to said fifst and second voltage states. 12.
A programmabl e resistance nmenory device, conprising: a first and second

di gi t | i nednaryvaluedhihe sissbargingrdleaermisptiated egihsthe aad one msmpre plerent s

compl enent 0y e AR SR aE EreoohhirbPHEE LR Pl ol ance

val ues; fiassécistadwithcaidbn@eeessrydmae s thetowesphragd. vel y coupling said
first and second nenory elenents to said first and second digit |ines; and
a sense anplifier having inputs respectively coupled to said first and

second  digit lines Rrmpeagnth gyl dayR: Dby SE difiga didieRlotange, val ue

in one of said nenory elenents. evice as in
claim 12 fahighardishampeiveliage @ apficciradgendhedvoltage etate pricschimgai digitdacd di git

lines to conmo recharge voltage prior. to,a read operation. 14. The
devi ce asahaﬁmc% aakgﬁ{éiglshlﬂﬂrglﬁgly O{fﬁg‘?%PiassP?fﬁ’dé’rﬁda‘it?mB‘Feq' P RRBL respectively

coupled to said first and second access devices; and circuitry for
si mul taneously activating said first and second row lines and therefore
activating sai &.fir stheamethedesncclaocesdhenayiaid §rst piedelEnoingd woltegeas i n cl ai m

14 wher ei ql. ai thi rsf and se&c%nd .ac&:eS@ devi ces are access transistors.
1gner than sai second preacicrmined voltage.

9. The method as in claim 8 wherein said second predetermined voltage

is ground voltage.

10.  The method as in claim 7 further comprising disabling said access

transistors before said digit lines are set to said first and second voltage states.

11.  The method as in claim 7 further comprising enabling at least one of
said access transistors during a time when said digit lines are set to said first and

second voltage states.

12. A programmable resistance memory device, comprising:

a first and second digit line;

first and second programmable resistance memory elements associated with a
single memory cell for respectively storing complementary binary digit values of a
data bit as different resistance values;

first and second access devices for respectively coupling said first and second
memory elements to said first and second digit lines; and

a sense amplifier having inputs respectively coupled to said first and second
digit lines for reading said data bit stored as a resistance value in one of said memory

elements.



16. The device as in claim14 wherein when said access devices are
activated, said precharge voltage on said digit-lines discharges through a
respective resistance of said first and second resistance-based nenory

el enents, said sense anplifier determ njng whether sai &7 oMil008ai d nenory
el enments is storing a high or Iom1resi§éance state and outputting a binary
val ue corresponding to the stored resistance state. 17. The device as in
cl ai m 13 wher ei 13- sai Bhatdgyice dsiimekirndd dudher sompuisiag edreghargesinchis fetapaci t ance
whi ch stor [: r.echarge voltage. 18, .The device.as in_ claim.l3 wherein
eai d par adis Rrds ST ALAL B YEh B9 Gon ke FRAES Ao e HUbP Than
said precharge voltage. 19. The device as in claim14 wherein said row
lines arc activated in a _nmanner which prevents an autonatic refresh of at

| east one of sald nehisdevigeasdmelaim dd fpr somprsing gritafsew lipes The devi ce

as in clai : r.el i d:fi . el ements are in

di fferent %trlimgrcgﬁéﬂygf%z%é%z&ﬁg%%&%ggﬁgﬁﬁg%’#nﬂ3 further conprising
an equil i brat e dicugty for bimulthde@gly dctibatirig sag filseanmbiccagbromliss anddi gi t

i nes. 27 ri.l 2006 22. A nmenory device conprising: a plurality of pairs
of first d& e@%ﬁéﬁ&“ﬁ?&@@%ﬁ%&@ﬁ@SWE@ﬁﬁf%ﬁ%&“ﬂ%ﬁDry cells, each pair of
menory cells conprising: first and second progranmabl e resi stance nenory
el enents associated with a single nenory cell for respectively storing
conpl ement ary biar yThi dpvicewalimekinnfl 4 avhetan saithifirstand dédohd mesdss dedést ance
val ues; first and second access devices for respectively coupling said

first and LpaWE ransistors.

16.  The device as in claim 14 wherein when said access devices are
activated, said precharge voltage on said digit-lines discharges through a respective
resistance of said first and second resistance-based memory elements, said sense
amplifier determining whether said one of said memory elements is storing a high or
low resistance state and outputting a binary value corresponding to the stored

resistance state.

17.  The device as in claim 13 wherein said digit lines have an associated

parasitic capacitance which stores said precharge voltage.

18. The device as in claim 13 wherein said parasitic capacitance stores a

voltage value which is larger than said precharge voltage.
19. The device as in claim 14 wherein said row lines are activated in a
manner which prevents an automatic refresh of at least onc of said memory elements

during a read operation.

20.  The device as in claim 12 wherein said first and second memory

elements are in different memory arrays.

21.  The device as in claim 13 further comprising an equilibrate circuit for




menory elements to first and second digit lines; and a sense anplifier
havi ng i nputs respectively coupled to sid first and second digit |lines for
reading said data bit stored as a resistance value in one of,saig menory

el enents. 23. The device as in claim 22 éurther conpri s#hg*Hl7088 har ge
circuit for precharging said digit Iiné to a common precharge voltage
prior to a read operation. 24. The device as in claim22 further conprising
a pair of wwWilrptgsthe valzgean spid §igddiggt-ed to said first and second access
devices; and circuitry for simultaneously activating said first and second
row lines and therefore activating said first and second access devi ces.
25. The devi ce 25 i nAchahony2iévisheomprisiagi d first and second access devices
are access transistqrs. 26. The device as in clajm 24 wherein when said
access devi ces hplra ’élﬁf’f%fsélf,rhrété’ine 55‘?“@3!?5955@“9@*’[255%5%0%%?@0’&? £ | i nes
di schar geseamg,gﬁlgbnﬁn{&§gafstgoﬁﬁ,ﬁs{n%éi stance of said first and second
programmabl e resi stance” nenory el eiffents, said sense anplifier determ ning
whet her sai d onfrsbéndsscohdpnogrammedderesistincs netrory algmantshuisspviabed wWishva

resi stance.state and uttin i nary val ue corr.esponding to the stored
oot ot ance i Bmniors g RS tne OB RoR e et aerEe LEERARE! MubS dher of n
sai d di gi tddid Piess dideeerR ResibaRE valugd parasitic capaci tance which stores
said precharge voltage. 28. The device as in claim27 wherein said

parasitic capachitsharsksesemst asess devisks fogeespastivglyrivphng saifl dwgand seeenidsai d
precharge voltage. 29..The device as in. claim?22 wherein said first and
Cecond merfbroRamas o AR o ESnE Rl imtu bl e Ty,
a sense amplifier having inputs respectively coupled to sid first and second
digit lines for reading said data bit stored as a resistance value in one of said memory

elements.

23.  The device as in claim 22 further comprising a precharge circuit for

precharging said digit lines to a common precharge voltage prior to a read operation.

24.  The device as in claim 22 further comprising a pair of row lines
respectively coupled to said first and second access devices; and
circuitry for simultaneously activating said first and second row lines and

therefore activating said first and second access devices.

25. The device as in claim 24 wherein said first and second access devices

are access transistors.

26. The device as in claim 24 wherein when said access devices are
activated, said precharge voltage on said digit lines discharges through a respective
resistance of said first and second programmable resistance memory elements, said
sense amplifier determining whether said one of said memory elements is storing a
high or low resistance state and outputting a binary value corresponding to the stored

resistance state.




30. The device as in claim22 wherein said first and second nenory
elements are in different memory arrays. 31. The device as in claim23
further conprising an equilibrate circuit for equilibrating the precharge
voltage on said digit lines. 32. The device as in clain?22MB%8Pn said
menory device is provided on a nenory dule. 33. The device as in claim
32 wherein said nenory nodule is a plug-in nenory nodule. 34. A conputer
syst em conpri si#§: gg@ﬁ@@@s@dﬁ claanr%érvﬂreyelsy@flélwtbwﬂwe i 255apigtedr ocessor,

sai d msm)O%args\{t?c ?e)a[ ag?arlrlgr IVVSI‘IIIC@IgStOI‘GQSHIa %?ec?eﬁ'ngnﬁl? %nd digit line, fir Sj[ and

second pr ST tance Fe T ®ssociated with a single
menory cell for respectively storing conplenmentary binary digit values of a
data bit as different resistance values; first and second access devices
for respectivdy2®ouplhgevies as ipclasm 24 yhes@ie 678 PapsisigcARIRAIBNGS ISP &t ance

memory el evr@&%gvglﬁe%v%&%'lirgértﬁ@pﬁ(?gl%sal gé ?&Eagte' nes; and a sense anplifier

havi ng 1 nputs®respective ouple and second digit lines
for reading said data bit stored as a resistance value in one of said

nmenory 16 el enepts ril 2006, 3 The syst as .in cIa|n134 further
conprising a pr%%harz}]ée‘éVﬂ?ﬁﬂstmf:@%m%ﬁr“ét&?ﬁ%?é‘i“ﬂ irgtang sgropdif IS to a

conmmon preagﬁgﬁga%qhta%ﬁm%ﬂﬂgmbgﬁ@ead operation. 36. The systemas in
claim 24 further conprising a palr row lines respectively coupled to

said first and second access deV|ces, and
30. The device as in claim 22 wherein said first and second memory

elements are in different memory arrays.

31.  The device as in claim 23 further comprising an equilibrate circuit for

equilibrating the precharge voltage on said digit lines.

32.  The device as in claim 22 wherein said memory device is provided on

a memory module.

33.  The device as in claim 32 wherein said memory module is a plug-in

memory module.

34, A computer system comprising:

a processor;

a memory system coupled to said processor, said memory system comprising:

a first and second digit line;

first and second programmable resistance memory elements associated with a
single memory cell for respectively storing complementary binary digit values of a
data bit as different resistance values;

first and second access devices for respectivdy coupling said first and second
programmable resistance memory elements to said first and second digit lines; and

a sense amplifier having inputs respectively coupled to said first and second

digit lines for reading said data bit stored as a resistance value in one of said memory



circuitry for sinmultaneously activating said first and second row |lines and
therefore activating said first and second access devices. 37. The system
as in claim36 wherein said first and second access devi ) access
transistors. 38. The systemas in claim 36 wherein \/\henzga‘iﬂmgi@éss devi ces
are activated, said precharge voltage SR said di git lines discharges
through a respectlve resi stance of said first and second nenory el enents,
sai d senseeﬁlﬁﬁllltﬁfl er determ ning whether said one of said nenory el enents
is storing a high or low resistance state and outputting a binary val ue
corresponding to the stored resistance state. 39. The systemas in claim 35
wherein said digfi.t | Thesysteayss arlfsshciuathecconpaisany 4 preclapacirdinfoe whi ch
stores said precharge valtage. 40. The systemas in claim39 wherein said
par asi ti c REpREEPYE déﬁlb%@ taacwmoggge%rgfevqmg%nn%to|%P@fb?pqrﬁm sai d
precharge voltage. 41. The systemas in claim34 wherein said first and
second nenory elenents are in a conmmon nenory array. 42. The systemas in
cl ai m 34 wher ei 30.sai Thd $ysmmaaﬁaic@mmtlfunhﬂmwnprtsir@mpuisoﬁlow limesdi f f er ent

nNenory arra a clajm 34 further ,conprising an
equi | ?/br at’ XIFFPX%VF @?3%@,‘5}3{5‘??@ AGCHE ‘{?B}GF%Q?Q onms)al d dlggl t |ines.
27 April 2006 Mrcuﬁﬂ?fdﬁfn‘i\ﬂﬂm@&as!ﬁa&ﬂvﬁﬁﬁ% shid WREERD SecdAd thvfhesind” €W i ti ng

conprises: increasing a voltage level a rowmine coupled to said one

pr ogr ammabhercéundefivating seiddirst ant seqont abeassrlenigisoxi mat el y ground level to
approximately a systemvoltage |evel during operation of a sense anplifier
circuit used in performng said act of determ ning.

37.  The system as in claim 36 wherein said first and second access devices

are access transistors.

38.  The system as in claim 36 wherein when said access devices are
activated, said precharge voltage on said digit lines discharges through a respective
resistance of said first and second memory elements, said sense amplifier determining
whether said one of said memory elements is storing a high or low resistance state and

outputting a binary value corresponding to the stored resistance state.

39.  The system as in claim 35 wherein said digit lines have an associated

parasitic capacitance which stores said precharge voltage.

40.  The system as in claim 39 wherein said parasitic capacitance stores a

voltage value which is larger than said precharge voltage.

41.  The system as in claim 34 wherein said first and second memory

clements are in a common memory array.

42. The system as in claim 34 wherein said first and second memory

elements are in different memory arrays.

43.  The system as in claim 34 further comprising an equilibrate circuit for




45. A nethod of operating a programmbl e conductor nenory device
conprising: storing a binary value as respective resistance states in a
first and second programrabl e conductor nenory el ement wherein the
resistance state stored in the first prggranmable conddétdpridi¥ry el ement
I's conplenentary to the resistance staﬁg concurrently stored in the second
programebl e conductor menory elenent; determning a binary value stored in
one of sai Guiksangiheyrkagersnd digit lingsrory el ements by di schar gi ng
respective through said nmenory el enments and conparing the discharging

vol tages; and nmintaining a voltage |evel of a wordline coupled to each of

said first and 44ecolbe petgdasimblatn ¢ ORBCInGhIdERIDS eweltpRbbpridés:
approximately ground during activation of a sense anplifier used to
per f or m sai d acPCWF‘SIHé?éfPH%ﬁ Ig¥el of g roelipgeypipddp Sélécanaﬂar%alanﬁl@@gr amabl e

resi stance iRy mifbt Qlem(éﬁméﬂl%*)?x%xuﬁﬁtgl | DGt 13 ¥ O%aréamm al €spective

di fferent resistance fat es st an second pr resi stance
menory el esyeta:’m vaitage levichdwingoperaimnyoMNaskense asdpdifeed cireuitused o paddrchingnor y
el enent s ¥ dlsggargg %g;espectlve vol tages through said menory el enents
and conpar ¢ REeIGIERME gi ng vol tages. 47. The nethod as in clai m 46
wherei n said discharging conprises: precharging conplenentary digit |ines,
whi ch are respectively switchably 18 27 April 2006 coupled to said first
and second pr ogéanmablnecthed o Sepena megragprogpmamabiecinsiictopmemorpdeniece vol t age
val ue; and reﬁpectively di schargi ng the common vol t age val ue on each of
sai d comprising:

storing a binary value as respective resistance states in a first and second

programmable conductor memory element wherein the resistance state stored in the
first programmable conductor memory element is complementary to the resistance
state concurrently stored in the second programmable conductor memory element;
determining a binary value stored in one of said programmable conductor
memory elements by discharging respective through said memory elements and

comparing the discharging voltages; and

maintaining a voltage level of a wordline coupled to each of said first and
second programmable conductor memory clements at approximately ground during

activation of a sense amplifier used to perform said act of determining.

46. A method of operating a programmable resistance memory device
comprising:

storing a binary value as respective different resistance states in a first and
second programmable resistance memory element;

determining a binary value stored in one of said memory elements by
discharging respective voltages through said memory elements and comparing the

discharging voltages.

47, The method as in claim 46 wherein said discharging comprises:

precharging complementary digit lines, which are respectively switchably



conplenmentary digit lines through each of said first and second

programmabl e resistance nenory el enents. 48. The nethod as in claim47
wherein said precharged voltage value on said conplenentary digit lines is
di scharged through said respective progrgnnable resi st &nceP y el enents
by enabling access transistors respecti& |l y associated wth each of said
menory el enments. 49. The nethod as in claim48 further conprising

conpl et i ngtaRied to said dRsiragd spramdmeogamBlableessippcedpeaesy elemedp.dPérs. 50. The
met hod as | ' t conprising equilibrating said digit |[|ines
before enaCQP%g@gg%%ggéggégﬁ{ransistors. 51. The nethod as in claim48
wher ei n sai d compgectisely disehpgireahe cordabeavoltageanaglvdat deeh of keiddi schar gi ng

vol t age associ.ated w {.h._ one nory element _is the higher or | qwer of the
two di scha‘%%‘i‘ﬁi@‘n%ﬁyafgg‘é ﬂ&?ﬁjtggiﬂg[i&?& ?'{9‘;35} finst & Seﬁ?‘ﬁgh’f?g’(ﬁgm@q?f t he
di schar gi ngs\@htagemdppatineied W th the said one nenory elenent is the

hi gher vol tage and out’putting a second binary value if the discharging
voltage associated with said one nenory elenent is the | ower voltage. 52.

The method as ip, clajn51 fyrther conprising setti a digit ljne having a
i gher i schar gB-vol TaBeigd zs i slai §T whtedt s s bRec fitise 3288 2Rq set t | ng
a digit |§a[l§ccih§;ylbﬂﬂgnt§r QBR Nined BENRR '&!Jth&‘&l_gh%ﬁiﬂe R1ivE iheslet er m ned
vol tage state. 53. The )Jnepﬁod as in %J?ai m 5 \{\hereigl?l ;aig irst

pr edet er imiqsigtagest meggery dempntg b enatiing asedss trapsisions rpapecievedy aisnedtedol t age.

54. The sdn.claim53 wherein said second predeterm ned voltage 19
i's grounﬁ%ﬁ?aa%eqflsﬂrﬂ\%?ﬂy %%%3%5. The nmethod as in claim52 further
conpri sing disabling said access

49.  The method as in claim 48 further comprising completing said

precharge before enabling said access transistors.

50.  The method as in claim 49 further comprising equilibrating said digit

lines before enabling said access transistors.

51.  The method as in claim 48 wherein said comparison comprises:

determining whether the discharging voltage associated with one memory
element is the higher or lower of the two discharging voltages and outputting a first
binary value if the discharging voltage associated with the said one memory element
is the higher voltage and outputting a second binary value if the discharging voltage

associated with said one memory element is the lower voltage.
52.  The method as in claim 51 further comprising setting a digit line
having a higher discharge voltage to a first predetermined voltage state and setting a

digit line having a lower discharging voltage to a second predetermined voltage state.

53.  The method as in claim 52 wherein said first predetermined voltage is

higher than said second predetermined voltage.

54.  The method as in claim 53 wherein said second predetermined voltage




transistors before said digit lines are set to said first and second

vol tage states. 56. The nethod as in claimb52 further conprising enabling
at | east one of said access transistors during a tine ?ﬂ saipglpdi git
lines are set to said first and second goltage st at es. AP hod of
produci ng a progranmabl e resi stance rrent1>ry device, said nethod conprising:
formng first and second digit lines; formng first and second programuabl e
resi st ance!S SV odrgSents; forming first and second access transistors
for respectively coupling said first and second nenory elenents to said
first and second digit lines; formng a precharge circuit for precharging
said first and $econthaingthbdlas nedaino52 &urfhier sdmpridih@dmablirgrsaidw@cesspect i ve

row | ines for. ope ing.said access transistors to couple said nenory

el ement s ttGanls’éEE%E%‘ftPVesg’%ff t lines e seip Gaiddsh 4 sscdioliagesipicti er whi ch has
i nputs respectively coupled to said digit lines. 58. The nmethod as in claim
57 further conprising formng a row decoder for decodi ng row address

signal s and sel gt i vEhgmathdd 95 inkleianed fisther esrapuiisingersshiidg atleast one nés. 59.

The met hod_as_in clai.m 57 wherein said r.y..el enments ar fabricated in a
conmon rrerFlf‘)l}'dflacﬁFﬁ’s .Slré%’.rs *HE‘%?’HS&’%&E Sgﬁ%lél?ﬁsﬁ %ﬁtngcf %ﬁ“ﬁﬁgsé?ﬂé menory

el enent s ageeondfﬁhfa'Fggtgﬁsj n different nenory arrays. 20 27 April 2006 61.
The nethod as in claim57 further conprising form ng an equilibrate

57. A method of producing a programmable resistance memory device,
said method comprising:

forming first and second digit lines;

forming first and second programmable resistance memory elements;

forming first and second access transistors for respectively coupling said first
and second memory elements to said first and second digit lines;

forming a precharge circuit for precharging said first and second digit lines to
a first voltage;

forming respective row lines for operating said access transistors to couple
said memory elements to respective digit lines; and

forming a sense amplifier which has inputs respectively coupled to said digit

lines.

58 The method as in claim 57 further comprising forming a row decoder
for decoding row address signals and selectively and simultaneously enabling said

word lines.

59.  Tite method as in claim 57 wherein said memory elements are

fabricated in a common memory array.

60.  The method as in claim 57 wherein said memory elements are

fabricted in different memory arrays.




circuit for equilibrating said digit lines. 62. A nethod of operating a
programmabl e resi stance nenory device, the nethod conprising: respectively
storing conplenentary binary digit values of a data bit ?s giff rent

resi stance values in first and second pﬁ@grannable resi 24 ry

el ements associated with a single nenory cell; and reading said data bit
stored as a resistance value in one of said nenpry _elenents. 63. The

met hod of cl ai n?b2 fLih¢ method gt ¢laim g7 fusther pempiisie frupee an ¢aulibrgier | i nes
swi t chabl ycifc‘ﬁﬂ%ﬁ%)ﬁl%rﬁﬁﬁﬁsaﬁ& H@t IF{%Q second progranmabl e resi stance nenory
t

el enents to a co n precharge voltage prior to said act of reading. 64.
The nmethod of claim®63 further conprising: discharging said precharge

voltage on said digit lipe hrough a respective , resistance. of. said first
hnd socond pr ogianmpieRal oLl ahrnEs il eist At BRI srties Mot her
sai d one Oheal doMBABRY: €l ements is storing a high or |ow resistance

state; and outputing a binary value corresponding to the stored resistance
state. 65. The mspdstdelgistogingicompBmenitery binarwdiig vabites of a dateditaasgi ng f urt her

conprises: ;.storjng. said grech e voltage with a parasitic capacitance
2esoci at ediiFient Saishedy She i and de ot brarrin i Sy naBBRL,  her
conpri si NGslem@&t hdsobiafdivith $singleh @B sl tage on said digit lines. 67.
A nmethod of form ng a nmenory device, the nethod conprising: 21

reading said data bit stored as a resistance value in one of said memory

elements.

63.  The method of claim 62 further comprising:
precharging respective digit lines switchably coupled to said first and second
programmable resistance memory elements to a common precharge voltage prior to

said act of reading.

64.  The method of claim 63 further comprising:

discharging said precharge voltage on said digit lines through a respective
resistance of said first and second programmable resistance memory elements;

determining whether said one of said memory elements is storing a high or
low resistance state; and

outputing a binary value corresponding to the stored resistance state.

65. The method of claim 63, wherein said act of precharging further
comprises:
storing said precharge voltage with a parasitic capacitance associated with said

digit lines.

66.  The method of claim 63 further comprising:

equilibrating said precharge voltage on said digit lines.

67. A method of forming a memory device, the method comprising:




27 April 2006 formng an array of nenory cells, wherein said act of formng
further conprises: formng first and second digit lines; formng first and
second programabl e resi stance nmenory el enents; form n% fi rs]ts%)zg)gd second
access transistors for respectively couB#i ng said first T aitver! nd nmenory
el enments to said first and second digit“lines; formng a precharge circuit
for precharging said first and second digit lines to a first voltage;
form ng respect oVBINEHR ArTayed mesnory sels Whetrin sgid astad demning fy&hicst ors to
couple saj %&Eg%ry el enments to respective digit lines; and form ng a sense
anplifier Whilch Hias | nputs respectively coupled to said digit lines. 68.
The met hod of cfoamimgtirrst addescesml digit dinés;r st act of formng further

el bct vely | arPEa P AECEEY RARBITHICA e ASTORCSeTgYohe mot hod of
T B 1 S o AR SR B Rid i 19 an
and second memory elements to said first and second digit lines;
forming a precharge circuit for precharging said first and second digit lines to
a first voltage;
forming respective row lines for operating said access transistors to couple
said memory elements to respective digit lines; and

forming a sense amplifier which has inputs respectively coupled to said digit

lines.

68. The method of claim 67, wherein said first act of forming further
comprises forming a row decoder for decoding row address signals and selectively

and simultaneously enabling said word lines.

69 The method of claim 67, wherein said first act of forming further

comprises forming an equilibrate circuit for equilibrating said digit lines.



