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FIELD OF THE INVENTION
[0001] The invention relates to a method and apparatus for sensing the
resistance of a Programmable Conductor Random Access Memory (PCRAM)

element.

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
value of logic “0” or logic “1”. When sensing the resistance value of a PCRAM
device, it is common to compare the resistance of a 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 limitations.

[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 resistance 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 a
unique architecture which is different from that normally employed in typical
DRAM circuits. Although PCRAM’s differ from DRAM’s in that they store



circuit for such an arrangenent tends to be conplex and | arge. [0004]
Typically, sensing schenes for PCRAM devices also tend to have a unique
archit ectwoashisoh is different fromthat normally enpl oyedTtiusot/ypetal

DRAM circuits. Although PCRAMs differ fromDRAMs in that they store 1 WO
03/ 044802 PCT/ US02/ 37227 binary values in resistive nenory el ements rather
than as charges on capacitors, and although PCRAM s are non-volatil e,
where the capacitor structures enployed in DRAMs are vol atil e,
nevertheless it would be desirable if the read and wite circuits for both
devices were as simlar as possible so that existing DRAM nenory device
architectures could be easily adapted to read and wite PCRAM devi ces.

BRI EF SUMVARY OF THE | NVENTI ON [Oog:?%q The ret?lent invent i on, Q&Q(yrgdes a
PCRAM e nobipiaryeaiues 1m sesistiy's memarF; SEmAnto BERSH AR SRR P35 + ead

architecture, si,m| ar At eml [ JMBRENrdevi ces. A pair
of conpl enﬁﬂ%b}f‘@%ﬁ%ﬁ?%%@%&%ﬁ?ﬁ?ﬁg Irst and gecond

progr anmablg ngmmwoﬂﬁwmww@s ienphidyedesesdnifchaned: ed t o
respective agc ss transistors. During a wite operation, the first and

second nemmid/wekedentis far bothrdevicenwiia 4 simdagasaassblersy thitfxisfingal ues, that

is: if the first nmenor lement is witten to a :
D memory gev?ce arc}rllltectures Could be easily adapted to read and write

PCRAM devices.

BRIEF SUMMARY OF THE INVENTION
[0005] 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 element 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



hi gh resistance state, then the second nenory elenent is witten to a | ow
resi stance state; whereas if the first nenory elenent is witten to a | ow
resi stancwo isaf8e2 the second nmenory elenent is witten t@ca/usoybmere7

resi stance state. [0006] During a read operation of, for exanple, the first
menory elenment, a sense anplifier is connected so that its respective
inputs are coupled to receive respective precharge voltages which

di scharge through the first and second nenory elenents. A sense anplifier
reads the discharging voltages through the tw nenory elenents to
determ ne which is the |arger voltage, thus determ ning 2 WD 03/ 044802

PCT/ US02/ 37227 the resistance (high or low) and logic state (high or |ow)
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appar ent f@gg@&%@dfollomﬁng detail ed description of exenplary enbodi nents
of the inventiPon which are provided in connection with the acconpanying
drawi ngs in which: [0008] Figure 1 shows an exenplary PCRAM devi ce; [0009]
Figure 2 is a schematic di agram depicting one aspect of the invention;

[ 00010] Figure 3 is a schematic diagramdepicting an additional aspect of

the BRIEF DESCRIPTION OF THE DRAWINGS
[0007] These and other features and advantages of the invention will become
more apparent from the following detailed description of exemplary
embodiments of the invention which are provided in connection with the

accompanying drawings in which:
[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 shows 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



i nvention; [00011] Figure 4 is a schematic diagram depicting an additional
aspect of the invention; [00012] Figure 5 shows the discharge rate

char act erwetosms4sof capacitors enployed in the invention; PCOOGLBB72B7 gure 6
shows the invention utilized in a conputer system DETAILED DESCRI PTI ON OF
THE |1 NVENTI ON [ 00014] The present invention enploys a sense anplifier
architecture which is sonewhat simlar to that enployed in sone

conventi onal DRAM devices to sense 3 WO 03/044802 PCT/ US02/ 37227 the

resi stance states of PCRAM nenory cells. In the invention, a binary val ue
Is stored as a resistance value in a first PCRAMcell while its conpl enent

resistance value is stored in a second PCRAM cell. During readout of the
first PCRAM, cell, both P cells are used_to di scharge a precharge
vol tage int BT EE5@EES Yfates P m&mgé&hgfi‘&aﬁ%ﬁ?@f EERGPR, AP Ipedaluere

di scharge v ) PCasA st . Q Fi ry.val ue
stored int %a)}??% k%%:%%ﬁ%??ﬁlu% ggs;c gol ng a&ﬂ(r@g%qgspéé)%aﬁl F%lnﬁt eﬁ@%{%‘i Fi gure
1 illustrateduais seedph akycoirl PCRANM REE MBRtingresd ARG \hd Rish PCRAW tion of a
PCRAM nmenory devi ce constructed in accordance with the . . .

Cell, both PCRAM cells are used to discharge a precharge voltage into respective

inputs of a sense amplifier which reads the discharge voltages to determine the

resistance and thus the binary value stored in the first PCRAM cell undergoing a

read operation.

[00015] Figure 1 illustrates an exemplary cell arrangement provided within a
portion of a PCRAM memory device constructed in accordance with the
invention. A PCRAM memory element 102 is illustrated which has a
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 growth. The grown
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 a
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



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

chal cogenite gl ass body and | ower 103 and upper 104 conductors. As is well
known, a woagasnabl e conduct or nmenory el enent has two st @ora/So®sizet ance
states: one high resistance and one | ow resistance. Normally, when at rest
the nmenory has a high resistance state, but it can be progranmmed to a | ow
resi stance state by suitably applying bias voltages to the conductors 103
and 104. Typically, the lowresistant state of a PCRAM nenory el enent is
characterized by a dendrite growth through the chal cogenite gl ass body or
al ong the surface of the chal cogenite gl ass body between the conductors
103 and 104. A high resistant state is present when there is no such

dendrite gr.owt T rown .dendri iS. I i - F.Mf in that it
will rerrai%ﬁt%“ﬁfJ E’IRé@ ﬂ?‘%}?"‘a PEUREY V’Ié %Oaﬁeégé&%ﬁlc\r{fgl{ y%?gfth\c/fgtg or weeks, after
the bias \é?érltlé‘l‘g?s E&nfe@ﬁa\_{ﬁrda cdRRRAel1AtE UODhER b'i:_ih%lta%@, Wwhighie 1, the

PCRAM nenory el ement 102 1's coupled by a conductive plug 101 to an access

transi st orcoafifomvid other PGRAMemempraelemend promded L0 Ehavmentory devise-t he gat e
structure of transistor 207. The access transistor is coupled through

conductive plug_ 101 to one of the conductors 103 .4 WO 03/ 044802
PCT/ US02/ iﬂ@@ig_]ofﬁgﬁ@c bémwa%ﬁfﬁpylf@%mﬂﬁéﬂ%ﬁw ROMCE? 104 of the

\IZhC:?ﬁhM i :‘I %ﬁ?a%ntl %er%%?yngc(ﬂts %67? Zlfa?eoégﬂf)%c?@ 1 cAhAlg difR 1#ne 13a8PiAsusyol t age,
Figure 1 also shows another access transistor 211 driven by a word line 107 '
which is connected through conductive plug 99 to another PCRAM memory
element 104, which in turn is also connected also to the common cell plate 109.

Access transistor 211 also has one terminal connected to digit line 118.

[00018] Figure 2 shows an electrical schematic arrangement 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



common to other PCRAM nenory el enents provided in the nenory devi ce.
[00017] Figure 1 illustrates a conmon PCRAM architecture in which two

adj acent wemony4serl | s 207, 211 are coupled to a comon di @Cr/uSong72218.
Thus, Figure 1 also shows another access transistor 211 driven by a word
line 107 which is connected through conductive plug 99 to anot her PCRAM
menory elenment 104, which in turn is also connected also to the common
cell plate 109. Access transistor 211 also has one term nal connected to
digit line 118. [00018] Figure 2 shows an electrical schematic arrangenent

of a menory array enploying the cell architecture illustrated in Figure 1.
Thus, the top portion of Figure 2 illustrates the transistors 207 and 211
coupl ed to_t r. cli.ve PCRA el enents 102 and 106 with the

access tra§H§F§}P%HE§ & dﬂﬁmﬂ’l‘: id?glst"ﬁétt‘ﬂ’e%% glg&reﬂ%ﬁ%%@ {9 and 106 to

the digit pcRAM Eﬁmen[tng:hglvnﬁg% §QO47vlrE§f§cﬁﬁc%t % d;{hdF \hﬁ\yeﬁsa ' Inthis

conpl enentary digit Iine al’'so provi menory array, to

whi ch anotwer, BERAM naanescldmansiloR and 124 ar€ ardeset @8gathiéCohdadlfaysn turn
connected to ot her PCRAM nmenory el ements. To sinplify discussion, a single
conpl errentsﬁ‘?fy? Cﬁ’ﬁm CI‘@?HPOWAS@@N digitsvaiues y Jthuapstmang t80GCRAM ncl udes

transi stor, d as d PCRAM el.e nt 102, coupl ed
to the digi ? engl??@ SRR 5@9 ¥‘fhr‘ DS IIg Ve ’éfhﬁfl‘?ées"éom at ed
PCRAM ”Emﬁ:ddn,ei ?él‘ﬁ@tamjpgﬂcr 0 GRichrie cGp1R &d tﬁ@dlgit%tes h186nd490 ilf1")

read the value of PCRAM memory element 102 by comparing a discharging

precharge voltage on digit line 118 to the discharging precharge voltage on digit

line 120 during a memory read operation.

[00021] 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 read operation is illustrated in greater detail in

Figure 3, which is a simplification of the sense amplifier 210 input path.

[00023] DParasitic 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



[ 00020] During a wite operation, a row line 104, which is coupled to
transistor 207 and a row line 113 which is coupled to transistor 209 are
acti vat edwOo33Ma808/ 044802 PCT/ US02/ 37227 such that if PCRaWVIUsewsmn2y7 el enent
102 is witten to a high resistance state, PCRAMelenent 124 is witten to
a low resistance state, and vice versa. In this way, PCRAM nenory el enents
102 and 124 are accessed together and always store conplenentary

resi stance digit val ues. Thus assumi ng that PCRAM nenory el ement 102 is
the primary el enent which is being witten to and read from a sense
anplifier 210 which is coupled to the digit lines 118 and 120 will read
the value of PCRAM nenory el enent 102 by conparing a discharging precharge

| t IO L 118 to t di [ . h | t . digit
e 120 oBHGEHBRSE Joriedts ELrs b BRuB e EsF e ke SRSk TH mertory
a2 PABRKARN A, EALRhRIARPlICRT P ESBA Bbdhcfll 903 o4 NES 118 and

120 by a precharge circuit recharge circurt s activated by a

| ogi ¢ ci r cusistanoe falpe. ethailhbe tithea aipk Resadricé dhleie orlalloRSlegit@hc vk, t 0
supply a voltage, for exanple, Vcc/2, to both digit lines 118 and 120.

[ 00022] Anakdythd qaspplementary ieststB8E8 valg vall bo stwed P CRIMuhémbryi s act i vat ed
by an equillei brgi§4si gnal after the precharge circuit is activated to
ensure that 8 :

[00024] During a read operation, the precharge voltage applied to the
complementary digit lines 118 and 120 is allowed to discharge through the
access transistors 207 and 209 and through the respective resistance values of the
PCRAM memory elements 102 and 124. Because the resistance values will be
different, one high and one low, the voltages on the digit lines D1 and D1*
(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
Vec/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] TFigure 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 Vcc/2 + approximately
.3mV which exists on both digit lines D1 and D1* begins to decay. Because one
PCRAM memory element, 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.



vol tages on lines 118 and 120 are the sane. The voltages on lines 118 and
120 are held by a parasitic capacitance of the |lines. After precharge and
equi | i br awe ogiofi4sopr esent) circuits are activated, a read epar@br/an2nay be
conducted on the conplinentary cell pair 300. This read operation is
Illustrated in greater detail in Figure 3, which is a sinplification of
the sense anplifier 210 input path. [00023] Parasitic capacitance for the
conplenmentary digit lines 118 and 120 are illustrated as Cl1 and Cl*. The

respective access transistors 207 and 209 are illustrated as connected to
their respective word lines 105 and 113. The 6 WO 03/044802 PCT/ US02/ 37227
PCRAM nenory el enents 102 and 124 are also illustrated. As noted, a binary

I [ t i o r e 102 as a
{esi ot ance WS e AR e AR Yo R M B BRSO RO 2 Tow.
resi stance ptagiigsivelpitdrdb@. CUPpRIBRIAINEABEE heNER WaldUmWi1bE Jg stored in

PCRAM nenor el ement 124. [00024] During a read operation, the precharge
vol t age appllidetteotivahesd, thonpise mmptlifiey 2 WP gi activitnés The 8emsechndsifier saral | owed t o

di sch h h th i stars 207 and 209 and through th
respect | ve FRCPSRERIECEF BEAUY ST HRAWRONDAT BT St and 154
o Ruee ! nallffakal ANGENALSTcth knd S ML BERDes 28 RRAIAUIAREL: 90, | O e

voltages on t I nes
302 and a Psense amplifier latch 304. This structure is illustrated in Figure 4.

[00027] Reverting back to Figure 5, the N sense amplifier is fired first at a
time t;. When the Nsense amplifier fires, the digit line which has the lower
voltage, e.g. D1* in the example, is immediately pulled to ground. Thereafter,
the Psense amplifier is fired at a time t, which drives the higher voltage line, e.g.
D1, to Vce. Accordingly at a time t,, the sense amplifier 210 outputs a value of

Vec 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 element 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 Vcc 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
level 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
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(118, 120) will begin to diverge during a read operation. A though the
voltage initially applied to the conplenentary digit lines 118 and 120 is
a vol t agewofos/ouse? 2, during a read operation this voltagePragtusat/bi2i s
slightly higher by approxinmately .3nV due to the presence of the parasitic
capacitance C and O * 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 conplementary digit lines 118 and
120 during a read operation. The activation of the word |ines 105 and 113
is illustrated as a pulse signal, and initially the voltage of Vcc/2 +

approximately .3nV which exists on both digit lines D1 and D1* begins to
decay. Becauyse .one. PCRAM nenor

el engnt . i r resistan
than the o ,1St“ﬁl§tenvt8l9[lé’évere(%’ﬁ%lapﬁ%“g%gﬂayﬁe%éa;‘%é%%?ge? ggnéva\nktg’ﬁ@t he | ower °
resist af‘ced}ﬂﬁhg%ggﬁtign e sebisk LimpligeaY1 0, asie wilhaiohiigicxit) feagize on t he
digit line coupled to the ?’n gher resistance value, e. g. DI. This is
i | | ustr at edrelffasti s r@dbeell fo\ik O34 @Bz e BET. US02/ 37227 [ 00026] The
di vergence of the two voltages on the lines D1 and D1* progressively
i ncreases. At a gredeternined tinme after the morp lines 105 an 113 are

activat ed, [0AB39ndEecanss progeymmableicentict MEMOLY © e?}FQtSs%rﬁsr‘éSl%g?tp?rer can
have an ar %Q?Il.r} ga%tag{i\?e %%&r‘?f‘ lele¥ncenqp,li9 %Gf)%sgilﬂe %%M Aké ?d}%%p%‘ﬁuﬂ"ﬂ{ec his
digit lines up to Vcc and to ground than a typical capacitive memory element
found within a DRAM. Supposing that to be true, older DRAM sense amplifier
designs that run somewhat slower than the latest generation of DRAM sense
amplifiers could also be used with PCRAM memory cells. The advantage of
doing so would be that these older DRAM sense amplifiers have already been
shown to perform effectively, and their test infrastructure is already confirmed.
Consequently, a hybrid memory consisting of PCRAM memory elements 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



illustrated in Figure 4. Such a sense anplifier includes an Nsense
anplifier latch 302 and a Psense anplifier latch 304. This structure is

il lustratwo Bi448bgure 4. [00027] Reverting back to Fi gur @CF/Usohenby sense
anplifier is fired first at a tinme tl. Wen the Nsense anplifier fires,
the digit line which has the lower voltage, e.g. D* in the exanple, is

i medi ately pulled to ground. Thereafter, the Psense anplifier is fired at
atime t2 which drives the higher voltage line, e.g. D1, to Vcc.
Accordingly at a tinme t2, 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 timng which occurs when
PCRAM nenory .e 02_has_.a_hi r s : { I nt 104,
obui ous |y HNEETRLROP &Gy S hyeidtd0Stor, Bk PhARRR AT T HORAMTT? has s
| ow r esi st aAgRoSE @vRe AN HARAM 1B rHRKite @emRet 2 Bed4Das Iamhsght f@sist ance
state. That is, the signal diagrans illustrated in the Figure 5 would have
the digit thanehebus 420guiynor 1 sawensdd buess aaddridges domimonly needin2 goi ng
towards ground. [00029] Figure 5 also illustrates, anpther ect of the

| nvent i on. PRECSSHSIRSCd DRI AGECIRERICBEF PRRESES QI 4 5% 42 Baghec®t - om

near gr Oun%&ﬁa%éd &s%[s%ggg%hg.i xeseceﬁgdr %gga&@@@of{qig@%aédr 6ads aBer ati on.

Thi s vol tage en retur to near eve ore the sense anplifier

i's enabl ed I{cb@isﬁ?r‘%o placticAsheinv&sithit., Thé fcésdbr-based et 40@aled a read PCRAM
menory element. [f such rewiting of a PCRAMcel |l is desired, then the
vol t age on indwd¢si mad-00l, memerhEROM) 4l ramdmpy éncdipdmperipheral devices such

as a floppy disk drive 412 and a compact disk (CD) ROM drive 414 that also

communicates with the CPU 402 over the bus 420 as is well known in the art.

[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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8 WO 03/044802 PCT/ US02/ 37227 which is witten to a | ow resistance state,
may be at a voltage | evel near Vcc during operation of the sense anplifier
210, whi cwowlok4sazit omatically rewite (refresh) the readpcahusorsrzehe | ow
resi stance state. [00030] Because progranmabl e contact nmenory el enents are
resistive rather than capacitive nenory elenents, it is possible they wll
take longer to pull the digit lines up to Vcc and to ground than a typical
capacitive nmenory elenent found within a DRAM Supposing that to be true,
ol der DRAM sense anplifier designs that run sonewhat slower than the
| at est generation of DRAM sense anplifiers could also be used with PCRAM
menory cells. The advantage of doing so would be that these ol der DRAM
sense anplifiers have already been & gto performeffectively, and their
test infrastructure is already confirned. Consequently, a hybrid nenory
consi sting of PCORAM iselined &l eremid desriedgo bopidesaxldsy laetpdrs Paensiscan be
produced havi ng the advant ages of PCRAM technol ogy, yet being producible
qui ckly and i nexpensively. [00031] Although Figure 2 shows the
conpl ementary programmabl e contact nenory elenent 102 and 106 and
associ ated acceds tranBCRAM Hlevibel (Q;nqjﬁsiﬂg';nes D and D* as being provided
in the sanme nenory array, the conplenentary nenory elenents, access
transistors and digit lines nay al so be provided in

a first and second digit line;

first and second programmable conductor memory elements for storing
complementary binary digit values;
first and second access devices for respectively coupling said first and

second conductor 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 a binary value stored as a resistance value in one of

said memory elements.

2. A device as in claim 1 further comprising a precharge circuit for
precharging said digit lines to a common precharge voltage prior to a read

operation.

3. A device as in claim 1 further comprising a pair of row lines

respectively coupled to said first and second access devices; and

11



respective different nmenory arrays. [00032] Figure 6 is a bl ock diagram of
a processor-based system 400 utilizing a PCRAM nenory devi ce 200
constructwo osf4aoezor dance with one of the enbodi nents of pchraSpr/erent

i nvention. The processor-based system 400 may be a conputer system a
process control systemor any other system enploying a processor and
associ ated nenory. The system 400 i ncludes a central processing 9 WD

03/ 044802 PCT/ US02/37227 wunit (CPU) 402, e.g., a mcroprocessor, that
comuni cates with the PCRAM nenory device 408 and an |/ O device 404 over a
bus 420. It nust be noted that the bus 420 may be a series of buses and
bridges commonly used in a processor-based system but for conveni ence
pur poses only, the bus. 420 has been illustrated as_a Si . A second
|/ 0 device 406 FYCHFY S f’lg’tuétﬂl,leodﬁg’ FEVHGe S%@@?ﬁ%ﬁ?ﬁeﬂ"g‘dgr@a@%‘% gn?he
invention. The processor-based system 400 al so includes read-only nmenory
(ROM) 410 anetefoay actcltingesaiddirstpndrsatomtbadcessslasiceh as a fl oppy di sk drive
412 and a conpact disk (CD) ROM drive 414 that also comrunicates with the
CPU 402 over the bus 420 as is well known in the art. [00033] One or nore
menory devi ces 200 may be provided on a plug-in nenory nodul e 256, e.qg.
SIMM DI MM or oyher P d&iddusiBRiy IwHere saldfirst @ad yecondneatss devigdst h or

di sconnection fromthe bus 420. Wile the invention has

are access transistors.

5. A device as in claim 1 wherein said first and second programmable

conductor memory elements are formed of a chalcogenite glass.

6. A device as in claim 3 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 conductor memory
devices, said sense amplifier determining which of said memory devices has a
high and low resistance state and outputting a binary value corresponding to the

resistance state of said one memory element.

7. A device as in claim 2 wherein said digit lines have an associated

parasitic capacitance which stores said precharge voltage.

12



been described and illustrated with reference to specific exenplary

enbodi nents, it should be understood that many nodifications and

substi t utworis/oesn2 be nade w thout departing fromthe spi PCr/sod3meppe of
the invention. Accordingly, the invention is not to be considered as
limted by the foregoing description but is only limted by the scope of

t he appended clains. 10 WD 03/ 044802 PCT/ US02/ 37227 CLAIMsS What is clained
as new and desired to be protected by Letters Patent is: 1. A PCRAM
device, conprising: a first and second digit line; first and second
programmabl e conductor nenory elements for storing conplenentary binary
digit values; first and second access devices for respectively coupling
said first and _second conduct o y elepments to said first and second
digit lines; and a g‘*eﬁ%cea%ﬁwfaf%jﬁw e pyRstc sRekancs sF9Fetdupl ed to
said first and second digit lines for reading a binary value stored as a

r esi st ance vehhgrevidlne whéhaf lsgirdhaesad prehergentodtag®. A device as in claim1l
further conprising a precharge circuit for precharging said digit lines to
a comon precharge voltage prior to a read

9. A device as in claim 3 wherein said row lines are activated in a
manner which prevents an automatic refresh of at least one of said memory

elements during a read operation.

10. A device as in claim 3 wherein said row lines are activated in a
manner which causes an automatic refresh of at least one of said memory

elements during a read operation.

11. A device as in claim 1 wherein said first and second memory

elements are in a common memory array.

12. A device as in claim 1 wherein said first and second memory

elements are in different memory arrays.

13. A device as in claim 2 further comprising an equilibrate circuit for

equilibrating the voltage on said digit lines.

14. A memory device comprising:
13



operation. 3. A device as in claim1 further conprising a pair of row |lines
respectively coupled to said first and second access devices; and 11 WO

03/ 044802wB@3/0U802/ 37227 circuitry for simultaneously actcratsongr2gai d
first and second row lines and therefore activating said first and second
access devices. 4. A device as in claim3 wherein said first and second
access devices are access transistors. 5. A device as in claim1l wherein
said first and second programrabl e conductor nenory el enents are forned of
a chal cogenite glass. 6. A device as in claim3 wherein when said access
devices are activated, said precharge voltage on said digit |ines

di scharges through a respective resistance of said first and second

programabl e co ry --devi ges ai d sense .anpli,fier determ ning
ot ohoor sai d- ey SrEREa A dha R Al e PR TR’ bl ang
outputting a binary value corresponding to the resistance state of said
one menory 2EfesfrEtenIOry cells, gach prar efsmemory edllmcompiisingi n said digit |ines have
an associated parasitic capacitance which stores said precharge voltage.

12
first and second programmable conductor memory elements for storing

complementary binary digit values;
first and second access devices for respectively coupling said first and

second conductor memory elements to first and second digit lines; and

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

said memory elements.

15. A device as in claim 14 further comprising a precharge circuit for
precharging said digit lines to a common precharge voltage prior to a read

operation.

16. A device as in claim 14 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.

14



WO 03/ 044802 PCT/ US02/37227 S. A device as in claim2 wherein said
parasitic capacitance stores a voltage value which is larger than said
prechar gewoaBiauge2z 9. A device as in claim3 wherein sai dpPcawsoz/sms? ar e
activated in a nmanner which prevents an automatic refresh of at |east one
of said nenory elenents during a read operation. 10. A device as in claim
3 wherein said row lines are activated in a nmanner which causes an
automatic refresh of at |east one of said nenory elenents during a read
operation. 11. A device as in claim1l wherein said first and second nenory
el ements are in a conmon nenory array. 12. A device as in claim1l wherein
said first and second nenory elenents are in different nenory arrays. 13.

A device as in cjaimg2 further ising.an.equilibrate circuit .for
equi | i brating thieﬁvol%gﬁ{éc%%Seléléﬁag&g{dg‘l}vbe%uhséaé&%ﬁ.m SERORgATCdR drvees

conprising: 13 WO 03/044802 PCT/US02/ 37227 a plurality of pairs of first
and second 3¢ agfcenaliEoBonduct or random access nenory cells, each pair of

menory cells conpri sing:

18. A device as in claim 14 wherein said first and second

programmable conductor memory elements are formed of a chalcogenite glass.

19. A device as in claim 16 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 conductor memory
devices, said sense amplifier determining which of said memory devices has a
high and low resistance state and outputting a binary} value corresponding to the

resistance state of said one memory element.

20. A device as in claim 15 wherein said digit lines have an associated

parasitic capacitance which stores said precharge voltage.

21. A device as in claim 15 wherein said parasitic capacitance stores a

voltage value which is larger than said precharge voltage.

15



first and second progranmmbl e conductor nenory el enents for storing
conplenentary binary digit values; first and second access devices for
respecti vwioy3mauspt i ng said first and second conductor nemromused/erents to
first and second digit lines; and a sense anplifier having inputs
respectively coupled to said first and second digit lines for reading a
bi nary value stored as a resistance value in one of said nenory el enents.
15. A device as in claim14 further conprising a precharge circuit for
precharging said digit lines to a comon precharge voltage prior to a read
operation. 16. A device as in claim14 further conprising a pair of row
lines respectively coupled to said first and second access devices; and

circuitry for simltageaual ¥ arhliets Yhehdh ulibR iRtk SLAOda how | | nes and

therefore activating sal irst and second access devi ces. 03/ 044802
PCT/ US02/ 37227 17.. A device as in ¢laim 16 wherein said first and second
access deviBaanergrhich preveatsangiépmpts cefresls of at asriane ofsaiflmemarnm 14 wher ei n

said first and second progranmmbl e conductor nenory el enents are forned of
a chal cogenil¢rsepfisalmsing a read operation.

23. A device as in claim 16 wherein said row lines are activated in a
manner which causes an automatic refresh of at least one of said memory

elements during a read operation.

24.  Adevice as in claim 14 wherein said first and second memory

clements are in a common memory array.

25. A device as in claim 14 wherein said first and second memory

elements are in different memory arrays.

26. A device as in claim 15 further comprising an equilibrate circuit for

equilibrating the precharge voltage on said digit lines.

27. A device as in claim 14 wherein said memory device is provided on

a memory module.

16



19. A device as in claim16 wherein when said access devices are activated,
said precharge voltage on said digit |ines discharges through a respective
resi st ancwoaB/ossnzl first and second programrmabl e conduct orCmrdarsoe/g722tlevi ces,
said sense anplifier determ ning which of said nenory devices has a high
and | ow resistance state and outputting a binary value corresponding to the
resi stance state of said one nenory elenent. 20. A device as in claimlb
wherein said digit |Iines have an associated parasitic capacitance which
stores said precharge voltage. 21. A device as in claim15 wherein said
parasitic capacitance stores a voltage value which is larger than said
precharge voltage. 15 WO 03/044802 PCT/ US02/ 37227 22. A device as in claim

16 wherein said,gow l,jnes are activated in a. janner._ whi preyents an

aut omati c refresh of Aaae‘flceeaasstmcgﬁ?gné?‘g \is| Py OEY gf‘r@ﬁ‘ﬁ%l aL?X‘i‘-%fb“ a read
operation. 23. A device as in claim16 wherein said row lines are activated
in a nanndcm@iychodaléses an automatic refresh of at |east one of said
menory elenents during a read operation. 24. A device as in claim14
wherein said first and second nmenory elenments are in a commobn nmenory

array.
29. 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 conductor memory elements for storing
complementary binary digit values;

first and second access devices for respectively coupling said first and

second conductor 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 a binary value stored as a resistance value in one of

said memory elements.

30. A system as in claim 29 further comprising a precharge circuit for
precharging said digit lines to a common precharge voltage prior to a read

operation.
17



25. A device as in claim14 wherein said first and second nenory elenents
are in different nenory arrays. 26. A device as in claim15 further

conpri si ngoaw/oegoz | i brate circuit for equilibrating the pcaarsaz/ge2vol t age
on said digit lines. 27. A device as in claim 14 wherein said nenory device
is provided on a nenory nodule. 16 WO 03/044802 PCT/ US02/ 37227 28. A
device as in claim27 wherein said nenory nodule is a plug-in nenory
nodul e. 29. A conputer system conprising: a processor; a nmenory system
coupled to said processor, said nenory system conprising: a first and
second digit line; first and second programmbl e conductor nenory el enents
for storing conplenentary binary digit values; first and second access

devices for respectively couplin jd first and secon onduct or menory
el enents to sai glfi r St SYEiSH %&#gmiﬂﬁg&f&?ef ﬁ%@?rlgﬂaapéms(gfﬁévevqglré}%l ifier
having inputs respectively coupled to said first and

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.

32. A system as in claim 31 wherein said first and second access devices

are access transistors.

33. A system as in claim 29 wherein said first and second

programmable conductor memory elements are formed of a chalcogenite glass.

34. A system as in claim 31 wherein when said access devices are
activated, said precharge voltage on said digit lines discharges through a
respective resistance of said first and seconc\l programmable conductor memory
devices, said sense amplifier determining which of said memory devices has a
high and low resistance state and outputting a binary value corresponding to the

resistance state of said one memory element.

35. A system as in claim 30 wherein said digit lines have an associated

parasitic capacitance which stores said precharge voltage.

18



second digit lines for reading a binary value stored as a resistance val ue
in one of said nenory elenents. 30. A systemas in claim29 further

conpri si nyoaspuaseharge circuit for precharging said digitCriuses31207 a
common precharge voltage prior to a read operation. 17 WO 03/044802

PCT/ US02/ 37227 31. A systemas in claim?29 further conprising a pair of
row |l ines respectively coupled to said first and second access devi ces; and
circuitry for sinmultaneously activating said first and second row | ines and
therefore activating said first and second access devices. 32. A system as
in claim31 wherein said first and second access devices are access
transistors. 33. A systemas in claim?29 wherein said first and second

progr ammabl e cogduct rsy%gﬁgsﬁ%laﬁg%@ﬁ%%[ﬁ% ;itagfﬁgsigg c%a@i?ﬁk@%?&ii e gl ass.

34. A systemas'in cla erern cess devices are activated,
said precharge voltage on said digit, lines discharges through a respective
resi st ancevefagsaalery bl%lﬁg%é%’rﬁl%ﬁ’lﬁglﬁﬁﬁﬁﬁﬁllt%geconductor menory devi ces,
said sense anplifier determ ning which of said nenory devices has a high

and | ow resi stance state and outputting a binary value corresponding to the

37. A system as in claim 31 wherein said row lines are activated in a
manner which prevents an automatic refresh of at least one of said memory

elements during a read operation.

38. A system as in claim 31 wherein said row lines are activated in a
manner which causes an automatic refresh of at least one of said memory

elements during a read operation.

39. A system as in claim 29 wherein said first and second memory

elements are in a common memory array.

40. A system as in claim 29 wherein said first and second memory

elements are in different memory arrays.

41. A system as in claim 30 further comprising an equilibrate circuit for

equilibrating the voltage on said digit lines.

19



resi stance state of said one nenory elenent. 35. A systemas in claim 30
wherein said digit |lines have an associated parasitic capacitance which
stores sawo opeshar ge voltage. 18 WO 03/ 044802 PCT/ US02/ 3P22US0BB722A system
as in claim30 wherein said parasitic capacitance stores a voltage val ue
which is larger than said precharge voltage. 37. A systemas in claim31
wherein said row lines are activated in a manner which prevents an
automatic refresh of at |east one of said nenory elenents during a read
operation. 38. A systemas in claim31 wherein said row |lines are activated
in a manner which causes an automatic refresh of at |east one of said
menory elenents during a read operation. 39. A systemas in claim 29

wherein said fiust and REEQNEr SFIFRHiNG a BICHTRRRRDE €rdhcBoraREHBY J&wRr Y
array,. 40. A systemas in claim29 wherein said first and second nmenory
elenments are in different nenory arrays. 41. A systemas in claim30
further cofPMPEFH§ an equilibrate circuit for equilibrating the voltage on
said digit lines. 19

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

second programmable conductor 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.

43. A method as in claim 42 wherein said discharging comprises:
precharging complementary digit lines to a voltage value; and

discharging the voltage value on each of said complementary digit lines

through a respective memory element.

44. A method as in claim 43 wherein said precharged voltage value on
said complementary digit lines is discharged through said respective memory
elements by enabling access transistors respectively associated with each of said

memory elements.
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WO 03/ 044802 PCT/ US02/ 37227 42. A nmethod of operating a programmabl e
conductor nenory device conprising: storing a binary value as respective
di f f er entwoasios4sance states in a first and second programecahise2/snratduct or
menory el enment; determning a binary value stored in one of said nenory

el ements by discharging respective voltages through said nenory el enents
and conparing the discharging voltages. 43. A nethod as in claim42
wherein said dischargi ng conprises: precharging conplenentary digit |ines
to a voltage value; and discharging the voltage value on each of said
conplenmentary digit lines through a respective nenory elenent. 44. A

nmet hod as in claima43 wherein said precharged voltage value on said

conplementary digft |ABRShbPachh Slahauast hBF stg nﬁﬁ%gmh PRP®E tshige menory
el enents by enabllng access transi stors respectively aSSOC|ated wi th each

of said nenD én WD, 03/ 044802 PCT/ US02/ 37227 45. A nmethod as n
claim 44 def Fg% Fqgﬁﬁ? & SHY PETSHEARSSSr echar ge before enabling sai d

access transistors.

46. A method as in claim 45 further comprising equilibrating said digit

1

lines before enabling said access transistors.

47. A method as in claim 44 where said comparison comprises:

il

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. ’

48. A method as in claim 47 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.
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46. A nethod as in claim45 further conprising equilibrating said digit

| ines before enabling said access transistors. 47. A nethod as in claim44
wher e saiwoaompan: son conprises: determ ni ng whet her t hePpdiTasSazs12Ng

vol tage associated with one nenory elenent is the higher or |ower of the
two di scharging voltages and outputting a first binary value if the

di schargi ng voltage associated with the said one nenory elenent is the

hi gher vol tage and outputting a second binary value if the discharging
vol tage associated with said one nenory elenent is the |lower voltage. 48.
A nmethod as in claim47 further conprising setting a digit line having a
hi gher di scharge voltage to a first predeterm ned voltage state and

setting a digit 4o ne faxtd A ih QWeh 48 WRORIDIARY AN bicidR it W2hga
predeterm ned vol tage state. 21 WO 03/044802 PCT/ US02/ 37227 49. A net hod

as in claim48 wherein said first predeterm ned voltage is higher than

sai d secon&mgFﬁgg?bFW$ﬁ naéF?gagpﬁgﬁgW%%ﬁﬁihod as in claima49 wherein said
second predeterm ned voltage is ground voltage. 51. A method as in claim
48 further conprising disabling said access \

50. A method as in claim 49 wherein said second predetermined

voltage is ground voltage.

51. A method as in claim 48 further comprising disabling said access

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

52. A method as in claim 48 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.

53. A method of producing a programmable conductor memory

device, said method comprising;;
forming first and second digit lines;
forming first and second programmable conductor memory elements;

forming first and second access transistors for respectively coupling said

first and second memory elements to said first and second digit lines;
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transistors before said digit lines are set to said first and second

vol tage states. 52. A nethod as in claim48 further conprising enabling at
| east onewofo3ma&isd2 access transi stors during a tinme when saca/oyst22t i nes
are set to said first and second voltage states. 53. A nmethod of producing
a programmabl e conductor nenory device, said nethod conprising; formng
first and second digit lines; formng first and second programabl e
conductor nenory elenments; formng first and second access transistors for .
respectively coupling said first and second nenory elenments to said first
and second digit lines; 22 WD 03/044802 PCT/ US02/ 37227 form ng a precharge
circuit for precharging said first and second digit Ilines to a first

vol tage; forn nyfgrASREE pratBafe@Wirthit€sr prethappigahidfissaidkeacaddiyit r ansi st ors
to couple said nmenory elenents to respective digit lines; and formng a

sense anplifier whic S inputs respectively coupled to said digit |ines.
54. A net ho%neziécoiahﬁré{]‘é?qﬁ%ggB further conprising formng a row decoder for
decodi ng row address signals and sel ectively and sinul taneously enabling
sai d 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.

54. A method as in claim 53 further comprising forming a row decoder
for decoding row address signals and selectively and simultaneously enabling said

word lines.

55. A method as in claim 53 wherein said memory elements are

formed of a chalcogenite glass.

56. A method as in claim 53 wherein said memory elements are

fabricated in a common memory array.

57. A method as in claim 53 wherein said memory elements are

tabricated in different memory arrays.
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word lines. 55. A nethod as in claim53 wherein said nenory el enents are
formed of a chalcogenite glass. 56. A nethod as in claimb53 wherein said
menory elwomabsssaze fabricated in a conmon nenory array. PET/USA/BRRhOd as
in claimb53 wherein said nenory elenments are fabricated in different
menory arrays. 23 WO 03/044802 PCT/ US02/ 37227 58. A nethod as in claim53
further conprising formng an equilibrate circuit for equilibrating said
digit lines. 24

58. A method as in claim 53 further comprising forming an equilibrate

circuit for equilibrating said digit lines.
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