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ACCESSI NG PHASE CHANGE MEMORI ES Background Thi s

invention relates generally to phase change nenory
walewsoer77 Phase change nenory devi ces use phaBET/Thange22772

materials, i.e., materials that may be electrically

swi tched between a generally anorphous and a generally

crystalline state, for electronic nenory application.

One type of nenory elenment utilizes a phase change

mat eri al that may be, in one application lectrically
Swi t ched bet wBBRESSINFUBEARE CRRNEE MERDRIES ) |

anor phous and generally crystalline |ocal order or

bet ween di fferent detect s of local order

acrgﬁistgﬁv%ﬁEhBE §%§%E%%”b@%%%%@ﬂycQ%p%%%%%ychange memory
amor phous and conpietely crystalline states . The

destigee .of the phase change materials are al so

non-vol atile in n.set in e

CryEPaPR RESTGRn Ry, AET RG> 45 ENOYE, Chnge materials,
i.8€N1 apBEphaUs shatembgpbesentichgiaales shanetedlbitween a

that value is retained until changed by anot her

gesﬁé@#éWn@W@r@@@Hﬁ age @haﬁn@épééyréﬁﬁ@§éﬁ@§n§ FHage ortor
e18g¥§b ?Eﬁ%? of, Flgcg%E%B'alpgg @l TS tRIMIRE Qlfement
ous Ke °& gpby re

anor p ate i's unaffecte novi N
uteﬂeaéslaaphpewechaAgbrma$exuad ahad dwgd@enaynb@ne

nnected to th pha chan terial and s rve
SRR R L L B el e e
stdeei Bg géaa&aﬁﬁyngm@&ph@@@ aaar@bm@&al1yTh@y@&@n§hskquca1
or diodé is typically fornmed in or on the top surface

OrdﬁraoglbﬁéWﬁeglﬁgﬁéeéﬁv§tdﬁt§G§§bﬁ§tétatﬁ§n§ﬁ%fM%Q?hn%Fder
ac&%kg Upa E%H?%'%% %trﬂ&g%ee% EBO%O% 1%@%1@9%95&§H8d% and

t ierefore may" I ncrease menmory cell “size,
combeéebyyadwgeseﬂylaéfethm@g.thEh@emmeyecama¢ﬂEyp@m$e
change materials are also non-volatile in that, when set in
either a crystalline, semi-crystalline, amorphous, or semi-
amorphous state representing a resistance value, that value
is retained until changed by another programming event, as
that value represents a phase or physical state of the
material (e.g., crystalline or amorphous). The state is
unaffected by removing electrical power.

A transistor or a diode may be connected to the phase
change material and may serve as a select device to access
the phase change material during programming or read
operations. The transistor or diode is typically formed in
or on the top surface of a silicon single crystal substrate.
Transistors may take up a relatively large portion of the
memory chip, and therefore may increase the memory cell

size, thereby adversely affecting the memory capacity and

cost/bit of a memory chip.
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cost/bit of a nmenory chip. BRI EF DESCRI PTI ON OF THE

DRAWNGS FIG 1 is a schematic diagramillustrating a
wWOoreewog467h accor dance with one enbodi ment of tPET/US2005/022772

present invention; FIG 2 is a diagramillustrating a

current-vol tage characterlstlc of an access devi ce;

FIG 3 is a d|aoram|I ol t age

char act eri st PEL8f J° . FIG 4

i's @I@r0§51§e%tb@ﬁ@haﬁh%“@@%g@a&oﬁﬂHQ%tQ%th&%‘@Eﬁ@hwry in

illustrated in FIG 1 in accordance wth an enbodi ment
acgbrhacpr @s&ht omvémbpdﬁmeaﬁd Off| Ghespirgsgnf| gewention;

dl&g& nlblhgs%rgg gﬁbgggagﬁn% %y%h§q%EQrvoltage
accordance w th an |nent of the present invention
charBEEékhEBlBESGRbBTbGNeEBrdengcbo FIG 1, an
enbodlnent of a 1 is illustrated 100
mayXLfcl ddéSa aSQSaQF? gguﬁﬁﬁﬁFﬁngeﬁl§ufffN%1§6&tage

chﬁ@gﬁgéglgﬁﬁgr%fcglE%m%l%a%l%ne%%aebgcB%@Qc% ;sel ect
device 120, a select device 125, and a nenory el enent

130FIA|tHomghaaC3NBSaseaypoaﬁlNm@ﬁr@ﬁe@ porEien pf the

th h ' I, d
nepiiFy FERaee = REnbry 1360ty hAVBCERAFGer it &) of

emBBARM¥NEELIES thel @r@@@nen‘@adieﬁmbn,rramry el errents 130
may conprise a phase change material. In th
embBdEreRt 1 SMENBLPCr0G I AEY 2Be Il ePEEFEH G éspgr;FH@@eof a

SygEéﬂggnn5E85¥daéc@h@§%hCQﬁngﬁbgaﬁﬁéhﬁlO%HXh%ep%esent
erial having electrical properties (e.g
inwvesatébance, capacitance, etc.) that may be changed

t hrough the application of energy such as, for

exanpl e, heat, |ight volta%) otential, or electrica
current. DETAILED DESCRIPTION '’

Turning to FIG. 1, an embodiment of a memory 100 is

illustrated. Memory 100 may include a 3X3 array of memory
cells 111-119, wherein memory cells 111-119 each include a
select device 120, a select device 125, and a memory element
130. Although a 3X3 array is illustrated in FIG. 1, the
scope of the present invention 1is not limited in this
respect. Memory 100 may have a larger array of memory
cells.

In one embodiment, memory elements 130 may comprise a
phase change material. In this embodiment, memory 100 may
be referred to as a phase change memory. A phase change
material may be a material having electrical properties
(e.g. resistance, capacitance, etc.) that may be changed
through the application of energy such as, for example,
heat, light, voltage potential, or electrical current.
Examples of a phase change material may include a

chalcogenide material.
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Exanpl es of a phase change material may include a
chal cogeni de material. A chal cogeni de all oy nay be used

WO pooa/ossnDry el enent or in an el ectroni c sw t cPCT/BS2005/022772
chal cogenide material may be a material that includes
at |least one elenent fromcolum V I of the periodic
tabl e or erial that includes one or nor e

b
of %h%héﬁggéﬁﬁgﬂgegg ¥t BavePg uSgHy 18t ot RETrdnsncdent or

lnognt@héaﬁkgﬂhcsguﬁu&h or ASehentufenMaBDiY +40Q aMBay be a
i ncl ude colum lines 141-143 and row |lines 151-153 to

maseréel ahpar@n@@udeSn@ﬁoﬂya@é|pn@feﬂﬁ@eaﬁréyowuﬂpﬁgma VI
ofmghéepggioﬁég gggigt H@n a 8§1éiltgé%31QQQuB%@ one

may al S6 158 re erre to as address [ines
orsmoeé bheskrel chescogynbelusedtso addressnyentr yheekllements
111-119 during_progranmn readi ng. Columm |ines
of1heliusivgy &FséUbe Péfé?%%HlPE as bit lines and row

l'”ﬁémé?% 168 HQ% §hé@u€§ refignned; hesas swend sl bAes row
Menory el ements be connected to row |lines 151-

11m53 aht-irBy be sempbédatpacbhgnﬁatlm§@0I410E43 pifathe
t_devic

axEFU Qb i o, "Fbf o 081 SR ARVREBEREy o SoUbE A4BRS 141-

143hgnef e6n, 19hep aspanbBcubgr aMBGOLY @@Ebr¢ed go as address
menmory cell 115) is sel ected, voltage potential s
lipgy BeénappLiedet d1hRE MBHoP§ BEPP' §0a388ErPaFeABGIFINTelLS

11% F?9(8u91n ?Ia QHmEHQ’%E”?eéalﬁg’ 1§%luh9 appkY 241-143

tage pot acr os e nenory cell. Series
mayoameotbd seEectedeVbces ©26 amde$25ndayOWelused f£o1-153
acc el e t 130 duri rogramm ng or
maYeﬁg?ﬂg Sfr ﬁﬁF?geg Bt 238, T%pgélect device is an
ovopkfothr esbpbdrswitohmbhhabecannhechBdetef raw lines 151-
chal cogeni de alloi t hat does not exhibit an _anorphous
S

1580andym@alen@th e thanrgéuandliikrehldhdeltgodsder gpilgct
devkgggrigofl?bg 'nWEE§gegwo devices 120, 125 are depicted,

more select devices may also be used. Therefore, when a
particular memory cell (e.g., memory cell 115) is selected,
voltage potentials may be applied to the memory cell's
associated column line (e.g., 142) and row line (e.g., 152)
to apply a voltage potential across the memory cell.

Series connected select devices 120 and 125 may be used
to access memory element 130 during programming or reading
of memory element 130. A select device is an ovonic
threshold switch that can be made of a chalcogenide alloy
that does not exhibit an amorphous to crystalline phase
change and which undergoes rapid, electric field initiated
change in electrical conductivity that persists only so long
as a holding voltage 1s present. Select devices 120, 125
may operate as a switch that is either "off" or "on"
depending on the amount of voltage potential applied across

the memory cell, and more particularly whether the current

3
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change in electrical conductivity that persists only

so long as a holding voltage is present. Sel ect
waelewsoer7120, 125 may operate as a switch thatP@BUS2005/022772

either "off" or "on" depending on the anmount of

vol tage potential applied across the nenory cell, and

nore particul arly whether the currenthhro

th
thEgyERt LOBVPELCEXCEEULCF SXCRFESHOFE € FFEﬁgTGrcgrrent °oF

on@géégeth@hC@héHeBrE§bQQ§r§héh§eG§MbC§ntBtthhgnoﬁtate
st The off state may be a substantially

Thgleﬁfrst%tEymﬂEnbenduaubeéastaﬁélangl@ﬁéréﬁaéﬂﬁte nmay
e t Lall t t h | .
B A

coM@htagecastass, th@taeﬂesb deviseahseceghah thei bff state.
hol di ng voltage VH pl us | xRon, where Ron_is the
IngyhanPe PB3LStahbe TPORRYR 2CEBPSekBRpFEL egé|@8?lce s

eq95¥'8851%§0h018§ ¥oh@¥ﬁatv¥he t%dlﬁ§%ﬂagﬁ§e§@dRohf1§ the

vol tage potential "I ess than reshol d vol tage of a
dysehéct rdevbstendt@0fre@5Vis ap®¢Ie@xammb@s select devices

eV| s 120, 125, the t one se | ect. devi 120
1207 ' 155°ha) paa: FotheRoty, VERTRIPR: Altvely i JRITo0E
poE§§t§5lV@e§EaﬁﬁaﬁothBaEhkébthdoﬁom@agbeéEfaCablect dev1ce

current passes through the nenory cell and nost of

1200|ﬂaéelar@ppﬁn@ﬁ1g@r@éﬁeaeﬂ@ﬁﬁtéegépéétéaoeoﬂaém F@en at
lea # ﬁlthglégkeggvgg g?geé%t?ﬁgaﬁégev aﬂ% &g ?ht@geln a

greater hresho 0 tages 0
reﬁ@teeélgenngBSréamstiﬂé Esaappkbedhacr dsstdel ect no
evi ces_120, 125, then both s devi ces 120, 12
1hgy s CanCBHTeNE, B2SS85eFAFBIEN GhPeRBFPY) § gwsnd most

ofrEﬁésybygaééaﬁgoéofkeﬁts@h@@%éﬁcébwcﬁbr@@Ee@%&@ﬁ%olumn is
t hrough the nenory In other words, select

acdesscéhelseleQZSdﬁ&bee |ﬁl§esuatﬂﬁﬁﬂwalﬂﬁ a voltage
pofLSELLCR LY A0 ERDEUERLY B el SRR BN 2 g
devektage20i, s1apphkedpptresasasebest sdeectese¥2@es1220, 125,
thgglgg%h select devices 120, 125 may "turn on," i.e.,
operate in a relatively low resistive state so that
electrical current passes through the memory cell. In other
words, select devices 120, 125 may be in a substantially
electrically nonconductive state if less than a
predetermined voltage potential, e.g., the threshold
voltage, is applied across select devices 120, 125. Select
devices 120, 125 may be in a substantially conductive state
if greater than the predetermined voltage potential is
applied across select devices 120, 125. Select devices 120,
125 may also be referred to as an access device, an
isolation device, or a switch.

In one embodiment, each select device 120, 125 may

comprise a switching material such as, for example, a

chalcogenide alloy, and may be referred to as an ovonic

4
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devi ces 120, 125 may be in a substantially conductive
state if greater than the predeterm ned voltage
wpoioenodeat i s applied across sel ect devices 12PCT/LRH05/022772
Sel ect devices 120, 125 may also be referred to as an
access device, an isolation device, or a switch. In
each .sel-ect. _devi ce 120

5
th%%%gg sgn% fcﬁFnﬁlnéFé?|5ﬂ Sugﬁc SWiL % 'nﬁﬁﬁ sw1tch1ng

fOr "exa

ma€Ralieoger delaltovevare smayohe 1oef ara@edmt @ amt@rial in a
ovoni ct hreshold switch, or S|nply an ovonic swtch.
SuipRE gl edAyngrREPEPIE] shpteePOst tdevirde £ EIPEET™ I8 Grny

el%‘étéoﬁ@%egh%lt &n% ARl %@%@E‘e@t‘l WY B RRRYS; 1%1?3'} &witched

posi t1one betme l'ectro at may be
betepeat edhy garad mewes&a@bw §mﬁﬁdhs¢ametWQem'a mnﬁaner than
' " . State

resi stance (e.qg.. .qr r than ahoyt ten, .
abfy a%ﬁﬁs?egﬁ§ggsﬁeﬁggl@eFﬁqﬁgﬁgﬁﬁﬁé CdEan¢E 56 a@ﬁzne?n
stb€el-(e.ahoutpene bheusane Qs ohmssan &% rWielksh Wwhih hby)

appllcatlon of a predeterm ned electrical current or

appelicage opoéngi Blredeherhilgeshisd@icreicalese rgsite@r voltage
poqg%%ggllzoEnlgg&gf¥§§§dﬁpgg? t%r%hn%%l%%%.%%vﬁ tlﬁﬁy 125

curren haracterlstlc sim
mag pbasetebangemieenr Yeslierenhatthakyi $aivie bh@umnanﬂﬂmmitage

ate. However, unlike a phase chan el enent,
IfNé SRREERTRG LRELEr Bl idRLs&elt |cg§af G TEIPhhy

el@ﬁ%n%hﬁﬂgg phase. tﬁ@a%mo§phbﬁ% gwWakehi ngonRterd, aluafike a
sel ect devices 120, 125 may not be a progrannabl

phaatechahgeangmogy allee@ulltt, thel @@rtlt@él\m@e@am@rlaﬂzsvf

t_be a r evi_ce ca lLe ring
solREb ARTRERC ROD exapl 87 PO SUPLERI RYderor (R forts the
swi@bﬁ@hgdm‘aitéeialZQ,f 125 comy deefieied peonanest py not be a
anor phous and the |V characteristic_my remain the
ProgReNRPeGgREGE LR  0pBFat PRg 2l FREVLA  SplesEnCaviires 120,

128XRIB! BoRl bb- ¥ RRALAG ekhatlceapbigel 8gt sderliegs 120
information. For example, the switching material of select
devices 120, 125 may remain permanently amorphous and the I-
V characteristic may remain the same throughout the
operating life. A representative example of I-V
characteristics of select devices 120, 125 is shown in FIGS.
2 and 3.

Turning to FIG. 2, in the low voltage or low electric
field mode, i.e., where the voltage applied across select
device 120 is less than a threshold voltage (labeled Vgy),
select device 120 may be "off" or nonconducting, and exhibit
a relatively high resistance, e.g., greater than about 10
megaOhms. Select device 120 may remain in the off state
until a sufficient voltage, e.g., Vpy, 1s applied, or a
sufficient current is applied, e.g., Iry, that may switch

select device 120 to a conductive, relatively low resistance

on state. After a voltage potential of greater than about

5
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2 and 3. Turning to FIG 2, in the |ow voltage or

| ow electric field node, i.e., where the voltage
wappbioeg7acr oss sel ect device 120 is | ess thanP@I/US2005/022772

threshol d voltage (Il abeled VTH), select device 120 may

be "of f" or nonconducting, and exhibit a relatively

h res nce rea er.th bout 10 aChns.
ESELEL At PR Sl S SR b T Ml i ol
po?c@fnfﬂlcalleratcm@st a@Led QoviltelHA raplde Ofsrapback") to
sufficient current is applled e.g., |TH_ that may

a mltdclﬁlgsémé&eg@e\ﬂoa?@niﬂze%o @b@dﬁdbé%ﬂ veSneePafskvéW refer
tol QW %'ﬁtagﬁcgaﬁ%e%%% ALl A ol mgevp%tfe@ d'?elégt

greater th out VTH i s appl i ed across sel ect device
deVa@e .t he voltage potentlal across select devi ce 120

Iabépeggﬁ( Sna%&%ﬁac %ﬁay'ﬁ§g§%9%£> H6®?§§§ptentl .

dedhifkenenc aahetwaen nVicard t¥H ol doaelieet WenLr dM v, as

the on state, the voltage potential across select
cugeente Peze inay thewuidh clRdsett dleiecndldi ig vislarspeast-

Sey c%sd%%rc% 12%a®%gggehgr%2%g %%Eqﬁtt.%vh%%r%%ﬁ §ﬁ$ough

increased.” Sel vice réemai n on unt
seaebmed9vﬁbeoa@n @ebeetb@&whce bzaddm@psuhekmw alabeled Iy.

hol di current bel ed I H low this val ue, se|ect
Bengii CBLER0 iy /i P SO ETd Petain MRy & Al ey return

tohegee&eel%qg}ceagﬁoeee&@%hl ke ebhcehabe Ui lodhe ik
and | TH are éxceéded agai n. I'n one enbodi ment, the

unde&|éeelzfﬂ<%ﬂd(ETHZa;enayCﬁededaa@agher resi stance and
a hi her thr ol d_vol V. TH he evice 125
(Flé. gnf m$ﬁ 1§8V% E%%O v1ce ﬁ%g% % have a

Virce als

higtkirvatceBteneegyndlbent hhesh eheeem&lao h@llmgg\éol (tvqg)eSthan
of the device 125 nag be substantially equal and
thgndegitedirent F1fhe 3 nap@ﬁ@kd@@PF&gézpsm@é3§lﬁﬁa%aW25a

higher activation energy. The threshold and holding
voltages of the device 125 may be substantially equal and,
in one embodiment, the snapback voltege is less than .25
volts. The device 125 may have higher leakage than the
device 120 and may have a Vgy substantially equal to or less
than its Vy. If the Vg is less than Vy, snapback voltage is
minimized. Preferably, Vy of device 125 is greater than
snapback voltage of device 120. When both devices 120 and
125 are switched on, the Vy of the two devices in series 1is
equal to the sum of the hold voltage across each device when
both devices are on. The combined devices 120, 125 may have
a Vy comparable to the snapback of the device 120. Then, by
adjusting the threshold current of device 120 to be
considerably less than the threshold current of device 125,
the voltage across device 125 may be minimized at the time
that device 120 triggers, which will minimize snapback

voltage. If Vy of device 125 is greater than the snapback

6



10

15

20

25

30

volts. The device 125 may have hi gher | eakage than the

device 120 and may have a V TH substantially equal to
woribees7t han its VH . If the V TH is | ess thapCiH82005/022772

snapback voltage is mnimzed. Preferably, VH of

device 125 is greater than snapback vol tage of device

0. Wen both devic 120 an 5 are._sw t hed
Voﬁﬁ§g9H°%f gﬁﬁﬂcﬁe 9e§ndn g@P|e§qP§le&ﬁal %ﬁ%§d
voitayef oteh aeh;qlc@ v0lst ag® cACKBSS dRackcdeviroe aen Aotii1l

devices are on. The conbi ned devices 120, 125 may have

oparvHec sapalthbire viisht Bé tEAapbackberkt e ld@giec @hepp the
co%gﬁgatggnaqju%& @%h%@efE%ﬁe%%%lQOC%Er%%%Pda %ﬁﬁgnﬁ:o Oof

Consi derab I"'éss "than the thres
cudeéncegiéatethehmnltagehaghesst@eeshelﬁZ&umapnheof the

mnimzed at the tine at dEVICe 12 O tri ers,

Pagiy | WRiLAEnT2E ?ﬁasﬁs& 6ehade. CPErgAtofed, cé21525 ans some

em%a%%htfsh anrhhengnapbackyehtagenel rLhe sdaviee J2Qante
about equal to threshold vol tage of device 125, then

120hma&ebec§§nlz@maﬁdtbaﬁ wflﬂe@QQEaﬂQSt@@eﬁh@rbmmﬁwthat

|tt| napback voltage when th nbi_nat.i_agn
degﬁFFc FgéﬁFEFF £6 oﬁou88ﬁta8pl ggtl ?Egg cg%?éhﬁs
acgpheat epothan the higher threshold current of the pair,
whi ch may be the threshold current device 125, in saone
eanHFﬁéﬁﬁstolﬁlgne4enﬁﬁdﬁﬁ€ﬁﬁlmﬁﬁé PésPsEROE Yorcell

V'Cﬁﬁggog%a%eggige@Ob'ngaEQQE QE q%V|C%e%%§c%H %Q%ck in

evice 120 switches on,” so nost of
oneobmbgdlmBop bg &beopseci2Ot Toweinmgono FHGMe¢er,awther

enbodi nent _of a nenory. cell (e.q. 15) of nmory.100 .
coR S RHFAEG8E I X GarP bRt USEHok T GHa e b BR LA PR in
whiB8 BheseRrbel-n¥enthendekigweker s ehhayeeonbingurald1ns ng

may al so be used including configurations in which the

copfdeprratiphe devhcéyoi erchangeddigndcitacsligicky wired in
sel%%Qfsi.guﬁé%%s cWhh,5wo o0 three,diserpbe Shacks o red
insulating material 260 overlying substrate 240, and
conductive material 270 overlying insulating material 260.
Conductive material 270 may be an address line (e.g., row
line 152). Above conductive material 270, electrode 340 may
be formed between portions of insulating material 280. Over
electrode 340, sequential layers of a memory material 350,
electrode material 360, a switching material 920, such as a
non-programmable chalcogenide with a lower threshold current
and higher threshold voltage relative to its Vy, an electrode
material 930, a switching material 940, such as a non-
programmable chalcogenide with a higher threshold current
and lower threshold voltage about equal to Vg, an electrode
material 950, and a conductive material 980 may be deposited
to form a vertical memory cell structure. Conductive

material 980 may be an address line (e.g., column line 142).
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series. Menory cell 115 may conprise substrate 240,
insulating material 260 overlying substrate 240, and
weondetsive material 270 overlying insul ating PEX/E8108$/022772
260. Conductive material 270 nay be an address |ine
(e.qg., romrline 152) . Above conductive material 270,

el egtrode e fornmed between portions of
et SUTRG Hrer A g B el S 540 ot conductox
susequenrid ale lqayers «afl ixoremis vraiey)i ala135hugl edid agdeope of
materi al 360, a sw tching naterlal 920, such as a
thﬁoﬁrﬁﬁ@@ﬁaﬁﬁﬁ%¥@“€ﬁhP€b§eﬁr demiitest 40 dhers tHsRafd d Other
sud ARt andhigher iy ephiolgvaliage s alating Lo, | ts
H, an el ectro e material’ 930, a swtching material
su@&@ra$@®ht@@taqmmmapnogmammabiem¢kahedgemnyanmdrmaterial,
gher thre .d current and | ower threshold voltage
Oraﬁo@‘aéﬁugr%@ an el ectrode material 950, and a

conguatieg ot q&ls@rlaQ&%mt@leap@%ot eyt &d Fdbned over
vertical menory cell structure. Conductive materia

angg @ o Ciyd Ngin Sadddrtased q i2dé (e I@Sul@é‘rm mateeripd2)e 0 may
S b f X
oSS EHERE 210 MR T OH) B 3 DRI Bl on
elecamecaﬂltyhenrsmeaerimgr maeretriiarl issichotad,i Mfidre@dsamdlkd,s
ect. Ot her suitable substrates nay be, but are not

S PPe 05 CunstiROeS Tt REE CGRPS f fobtamRe Sy gvention

1s0hGaNI ¢ TREEN 18l £1Qk &e8lass .Mteihalat iAd ‘?rbéecreﬂfal 260 may
insul ating material 260 may be formed over and

hagentathiingnsslss treaigé n24 @ .r ofm sbloatti r$@ Onrét érd @lboRB0 Lfigy000 A,
ielectric material that ot thernal
al%%aFg% %hecPFnglpf FhSungFﬁ erralorl %ﬁmlted
inexatpl eespikiccon Iﬂlsﬁlbdﬁngahbh@lﬁgﬁlt k& 0s egRRe b@‘ ;illaelarl zed
present invention is not Limted in this respect

'uSFﬁguPa?bﬁ@lﬁéﬁePFaPhﬁﬁécﬁ&ymﬁ&@énécﬁﬁl@@ﬁé§§- &XFng

rebhAMLAROUt 300 A to about 10,000 A, although the
scope of the present invention is not limted
A thin film of a conductive material 270 may be formed

overlying insulating material 270 using, for example, a PVD
process. Conductive material 270 may be patterned using
photolithographic and etch techniques to form a small width
in the y-direction (orthogonal to the view shown in FIG. 4).
The film thickness of conductive material 270 may range from
about 20 A to about 2000 A. In one embodiment, the thickness
of conductive material 270 may range from about 200 A to
about 1000 A. In another embodiment, the thickness of
conductive material 270 may be about 500 A.

Conductive material 270 may be an address line of
memory 100 (e.g., row line 151, 152, or 153). Conductive
material 270 may be, for example, a tungsten (W) film, a
doped polycrystalline silicon film, a Ti film, a TiN film, a
TiW film, an aluminum (Al) film, a copper (Cu) film, or some

combination of these films. In one embodiment, conductive
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in this respect. Insulating material 260 may be

pl anari zed using a chem cal or chem cal - nechani ca
w@eiob®mM6(CMP) technique. A thin filmof a condect/Usm®05/022772

material 270 may be forned overlying insulating

material 270 using, for exanple, a PVD process.

nduct i material 270 na e .patterned usi ng. ,
maTRRtg: A PR o Lo T Fot el b it b 2
reWididanide herat-idig eadragn Jford heganddt dly tdiel M e shoWt s

in FIG 4 ) . The filmthickness of conductive

toppsetifaice27 @ P YdAndé o serrshaft e Rus fodtn VRIODER 1s

I odi t t hi ckness of conducti ve
+ hAQre £nhodien )
nowatefﬁg% 270 ﬁhy rgﬁb ?ﬁbn1about 200 A to about 1000

A . Ann lamotlkérd negmredierdnrt], 2t8fe malyi denessonefd coreduilctdinge
teri,al 270 may b bout, 500 . Conducti ve i al
CO 3 iy b Ty €90 TEria St RGP TEIG (& GEL b FLasna
Enhiafeetd Eheki2a10al23d) Dee@N@USH)Y @ Hirteyd aly oy O Hieyh

be, for exanple, a tungsten (W film a doped
Depaliyar fdeshie)) ne rsideisson o Isiping ofi anid fake BN fddlm a
W m [, um ).+ ol c r {,Qu)_ f.i
o e e o Bt Pade 2T 1R AP S & St
macenduddt itherpher ae 27@haynalea ya apel/yer ySteaddrdineally
. Silicon filmwith a resistance |owering strap of a .
InpEf pAANGr JasGinditde ST B 1t 69Ts GrPEPES ralStHo g (hexide,

21360REhOknkhe Besent tihaventiseht 3 Rk diigm tied Jdt thins teq
respéct. An insSulating material 280 may be forned
inovéedibyirrgreotductiinee Laatieg alat270alsi2gg, reor hewansl e,

ECVD (Pl h d ical ,V i tis
tndckTete APBL(h G CBoASrEy PhSsnyprcste ASY & hishouan
thandcbpke ocgolhgelbrekeeess nvensdbat i1R3g nrt arindl e28Q nMahis

be a dielectric material that may be a thermally .
regREFSr ell8cPrcaMPPciRsttat ithg FaLerN&ISSs¢éh lasulediing

ma%é§g9h628§ih%%ogagngkqgm about 500 A to about 2500 A. 1In
another embodiment, the thickness of insulating material 280
may be about 1200 A.

Although the scope of the present invention is limited
in this respect, insulating material 280 may be planarized
using a chemical or CMP technique. The resulting thickness
of insulating material 280 may range from about 20 A to
about 4000 A. 1In one embodiment, after planarizing
insulating material 280, the thickness of insulating
material 280 may range from about 200 A to about 2000 A. In
another embodiment, the thickness of insulating material 280
may be about 900 A.

Memory material 350 may be a phase change, programmable
material capable of being programmed into one of at least
two memory states by applying a current to memory material
350 to alter the phase of memory material 350 between a

substantially crystalline state and a substantially
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al t hough the scope of the present invention is not

limted in this respect. Insulating nmaterial 280 may
whawe/oa6r'hi ckness rangi ng from about 100 A to BODUS2005/022772

4000 A, although the scope of the present invention

is not limted in this respect. In one enbodi nent, the

am Bt S00 AL T 6 SHOLE D900 AL FA"GRoF Rl ©BRAAIRERT L2 350

int fge t Blskpessi 81 1y nsubabhogs "Bt gk al s2§0eHBY rbenabouhe
1200 A . Although the scope of the Eresent i nvention
re$5stanee edf | REMATE méégée@l $puiat Fhe AePekEprari2doy

a ed using a chenical or CMP techni que.
Q%yaggéﬁ t?ﬁ%ﬁ%hickness of insulating material 280 nay

r angeodir antmaboud £ 20eAotp aboat1i4D085A tol aloae the state
enbodi nent, after planarizing insulatin terial 280,
or {NRethi 2knklS BREPALE arfwgb%a%%?mia%fg %Yraﬁaémg
voif&@éaﬁgﬁénggglé‘ﬁg bRyt 2909 fetelha@dBOther and 980,

nmbodi ment, the thickness of insulating materi al 280"
thangbbeg@@©nat9@@ A voleape yraheerial 3500fayshéeat devices

120 AR BE QUL PIVBIL €1 TR O Rkn CEREOLE1 2L Db Rdent a1

east two nenor

is appeatag ah@mrt@@tth@eﬁﬁ@pdyvaat@gealoBSQenecalﬂevlbhe
&hase of menory material 350 between a substanti al
12 ry%%%l??%em%@%fé %%%m%n§u%§9an?h%Pl?%n%%%ﬁ%ﬁ%cé%aFérrent

ma%mg &y Ny ? Sh ShEnG ey Oha FBADL Y ??@eiha£e§?9n55 tBetne

stantially annrphous state is greater than the
appbs&@tmmhba@é prebtenyiabs eranadl 859 rasthe subskeantngl by

Xstalllne ?éﬁ Programm ng of menory material 350
meQr ) P&t efh% e or phase of the material may be

acconps i sbedi by L |&lﬁQrV@Eéa@@m@@%eﬁté@ésokophase of
conductive materials 340 and 980 ereby generating a
men@lY apet bt zht Bal - achbEer 5oy ctlhe dehypgesor State of memory

material 350 may alter the electrical characteristic of
memory material 350, e.g., the resistance of the material
may be altered by altering the phase of the memory material
350. Memory material 350 may also be referred to as a
programmable resistive material.

In the "reset" state, memory material 350 may be in an
amorphous or semi-amorphous state and in the "set” state,
memory material 350 may be in an a crystalline or semi-
crystalline state. The resistance of memory material 350 in
the amorphous or semi-amorphous state may be greater than
the resistance of memory material 350 in the crystalline or
semi-crystalline state. It is to be appreciated that the
association of reset and set with amorphous and crystalline
states, respectively, is a convention and that at least an
opposite convention may be adopted.

Using electrical current, memory material 350 may be

heated to a relatively higher temperature to amorphosize
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120, 125 and nenory el enent 130. Wen the vol tage
potential is greater than the threshold voltages of

W@ edoemo46devi ces 120, 125 and nenory el enment 13PCT/UR®NS/022772
an electrical current may flow through nenory materi al
350 in response to the applied voltage potentials, and

may result in heating of menory material 350 This
mentpEat Mg ey lal 1 atrwg SRS eé"coefyoﬁ“agfr?a%]ea]of:‘;%in{ﬁyg"
&f ! ogkgp Adard NG e phaseHic stat e;DfudBNOrYeat |
taerllfgeim Ommay alter the el ect rgl()lccal char_acliégrei stieca e
theofvaiemer ywfirateerdml 188G Trialy.35Q He reesishanice bf trer

cr y%aziﬂ% 2(1% H%éar t]eVgI neg Br{ri/a%}mtacierre;;r s{% ltjg'l%oep mﬂ@éyx?% Orﬁ %ge rial

350 efrRf redto asndoPr egiaimall e8I®Esistd ve prterdmlnehory
the "reset" state, menory materi al 350 may be jn an
0

nmatgrphard dro §erﬁo-°ﬂ!ﬁ)r'b—lﬁ g Stlt e é{ﬂjf%QP He skgpances of
ment A Gua EERSY %ﬁg\{é lbé%f[??\?&?_ﬂ@ A CiysdAhdi en by

or “sem cryst al ate. T esi stance of nenory
vadaiey idle 3bbunt tdfe anorghousSlor sl danpt phoushseagle the

may be greater than the i stance of nenory naterial
volaste iGf t”}?é“%:r%/ﬂaéﬁ?]r?gl 0{56@’em' -crystalline state. It

i s 4o he appried ated dhati ddhe@s o @it an ofedesede aped
set wth anorphous and crystalline states,

and espocttiakeing nater igoh | OFF Rl R h &0 O ek Clede 360
opposi t.e entio d. i no: '

as csﬁforwélntl,n (r:r@r?/o'r yAf 'mal{E eﬂ%}peg%%%se’besﬁg%ﬁ gﬁ%{éﬁﬁél 920

may elatiomeiad hisgherartempetatatring doanosphost zeneder §60.  In

mat erial 350 and "reset' \ terial_ 350 (e.g.
ey gt Ry SR 12 BEU G T 4 0 vt Gy rode 930

o R R LT e 8 0,0 2

cr ysttddugle ternorgopmtef | Hle 350 senl "Serenpppmrys not
liﬁ?%égifg €¥¥£(§%§bécé¥‘%%é¥8£“% L ¥erode 360 may be a thin
film material having a film thickness ranging from about 20
Angstroms (A) to about 2000 A. In one embodiment, the
thickness of electrode 360 may range from about 100 A to
about 1000 A. In another embodiment, the thickness of
electrode 360 may be about 300 A. Suitable materials for
bottom electrode 360 may include a thin film of titanium
(Ti), titanium nitride (TiN), titanium tungsten (TiW),
carbon (C), silicon carbide (SiC), titanium aluminum nitride
(T1iAI1N), titanium silicon nitride (TiSiN), polycrystalline
silicon, tantalum nitride (TaN), some combination of these
films, or other suitable conductors or resistive conductors
compatible with switching material 940.

Although the scope of the present invention is not

limited in this respect, switching material 920 may be a
thin film material having a thickness ranging from about 20

A to about 2000 A. In one embodiment, the thickness of
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material 350 to a logic "1" value) . Various
resi stances of nenory material 350 may be achieved to
W@ e@rmeo46mf or mat i on by varyi ng the anmount of cuPCEN$2005/022772
fl ow and duration through the volunme of nenory
mat eri al 350. Sel ect device 125 may include a bottom

el ectrode 360 and a switchin terl 0] e in
S O It . S0 e cHoARe | B o oot 780 chnip "dpout
100@rAS, B L,Chi g NBliesd Bhe 920 HRY @ﬁléﬁﬁégg 8¥eswab8hing
contacting bottom el ectrode 360 I n addition, select

mat@maﬂe 925 mmy Hacielet B59@phel ect rode 930 over | yi ng

mat erj al . 920 tho
pr e‘i@%r}? SrtT o 1% 2 O%OA\I M ted %QET%§28§e91%11?8 bottom
eldwttode et ertuoney 360cmay beim ddpasition n‘adée]nmﬁdque such
having a filmthickness ranging from apout

as ARt romTRiy. td aBRRRL %boV%Porl%em%l%%%dﬂFéém PERgeSS
orti1 ﬁ@g«? fo8lect saaes 360, maypyange & omabe tnd00- An1

00 ‘A . In another enbodi nent, the thickness
92@fm£jze@e5ra)dtehn‘360frfay b aborlSoPenide Suatabial or an
mat eri

bot t | ectrode. 360 I
v el of Botd o SLestone, OO ImA0 JEe.2 UL nay
be tfé@é‘é%@wr@@& e ¢di Wh1y Ca borhé &) bet BéhCaNhEandde
SiC titaniumalum numnitride (TiAIN) , titanium

resmt@rame nieff'destaisi N}, a ppeyrEysedy | pess| Fpedatance
ro ALALUELRY L L 0es Ll o 2O, FONDI DAL 004 001 L B8R Ccal
Sui [ e con

ctors or resistive
cutofeitcd Orso Toapat pdbtentwd 4 h. swswchehgngaheteaiad4020 may be
Al t hough the scope of the present invention is not

a W?W?WW]@W 73 E8pe®t: switching material 920 may be

a tzK‘iEh&hc% i R eLd@he haw i Age a?£@ééﬂﬁﬁe§§véﬁﬁgbﬂgiéf a8t
about 20 A to about” 2000 A . 1n one enbodi ment, the
1imm@cﬂ<n'esst1misvw¢@m<n*g, nit epi@l ev20phay Fapgeorpefition of

swfﬁéﬁ{%ggﬁ% QE1a fbggété%?gcghprlgeanoéfeéogggggkggmgn of

about 14%, a Te concentration of about 39%, an As
concentration of about 37%, a Ge concentration of about 9%,
and an In concentration of about 1%. In another example,
the composition of switching material 940 may comprise a Si
concentration of about 14%, a Te concentration of about 39%,
an As concentration of about 37%, a Ge concentration of
about 9%, and a P concentration of about 1%. In these
examples, the percentages are atomic percentages which total
100% of the atoms of the constituent elements.

In another embodiment, a composition for switching
material 920 may include an alloy of arsenic (As), tellurium
(Te), sulfur (S), germanium (Ge), selenium (Se), and
antimony (Sb) with respective atomic percentages of 10%,
21%, 2%, 15%, 50%, and 2%.

Although the scope of the present invention is not

limited in this respect, in other embodiments, switching
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material 920 may be about 500 A . Switching materi al

920 may be forned overlying bottom el ectrode 360 using
w@2aokioee?T | m deposition techni que such as, forPERESPLF()22772

a chem cal vapor deposition (CVD) process or a

physi cal vapor deposition (PVD) . Switching nmaterial

20 .may a thi.n f.il . a .chal cogeni de eri or
mag\cr?r&\%glnigc%%n&aé’rilﬁc%uﬁj@a(gslUbsﬁedntpl‘sdlI 7 raror uorus?és)t’ataend
setllati uray( 328 1 epeatedlaxand d,eversiddnp s ticded besweething

a higher resistance "off" state and a relatively |ower
matedistladdd Y RS WY Aappl ICAGDBT Gt ipn of about 5%, a

TPIRARILIHPNE el ACtId LAl Lurrent o Mpldage Polsntd Alapout
Switching material 920 may be a nonproganmabl e
28fat er iGal .coflagmdugit itdre ostepewf tlte pr ésemindanviertiion of

is.not limted in this respect, in one ex l e, the
B Gsi i GR DR S (RS TierThlo o2 iy eonpr i s a

S copcentdatier of3akeut KM% thile GoRcedation fving a

about 39% an A s concentration of about 37% a Ge
thigheems aeneinef fawsurbomnt #id farkq rkestcetGathd on It one

0% |.n _anat. a t i ti
emg \jlg\)n%tlic q né) d r?gltee r%?lzfﬂ%%f nalgyg geg r?pdr%lersoe a %I Edoa ??{:1 erg{nrgaei T
abofutalowt A14% a@ole dadderdt.r atlino mneft hado uim3ePmeart ,As-he
Concentratg’ %g of about 37% a.CGe oncerul)t,tratoi on of,
a

Eh e G S5 B Eencent Mati GiF GP%bomCCigh- | tieRte

ma@%a1Rhes afotrh%o?)ere@:é'&tt%%ﬁa 3% #H=QMiG PeIEEN ages, WiGh of
total 100% of the atons of the constituent el ements.

titangmor HEL)eniddiamem nd teemeosiTtilon ftortagiivne Hiungsten
IR ARR Y SR ALY L AU dtuminun
niseliel UMie3e) ,, tdrdnditd RANY doBh)h wWrtikla eSRexNve
po%&%gbgtgﬁag%gt%%?ic%%,lgz%téﬁ%%l%%%fggé Eﬁgﬁ)f”gﬁﬁg%
combination of these films, or other suitable conductors or
resistive conductors compatible with switching material 920.

‘ In one embodiment, top electrode and bottom electrode
may comprise carbon and may have a thickness of about 500 A.
Top electrode 930 may also be referred to as an upper
electrode and bottom electrode 360 may also be referred to
as a lower electrode. 1In this embodiment, select device 125
may be referred to as a vertical structure since electrical
current may flow vertically through switching material 920
between top electrode 930 and bottom electrode 360. Select
device 125 may be referred to as a thin film select device
if thin films are used for switching material 920 and
electrodes 930 and 360.

The threshold current (Iry) of select device 125 may be

less than the threshold current for an ovonic memory device

set in a high resistance, amorphous state. The resistance

of the select devices 120, 125 at the time that the select
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Al t hough the scope of the present invention is not

limted in this respect, in other enbodi nents,
waeMosoengmat eri al 920 may i nclude Si, Te, As,P@EUS2005/022772

sulfur (S) , and selenium (Se) . A s an exanple, the

conposi tion of switching naterial 940 nay conprise a

Si concentration of about 5% a Te concentrat

f
GeRbEEE S AnCACTEEnRENTRSR ] GHeBTSAbORE DERE §oGelmeS

gr&QE&EntEﬁéhOBthr@?@gﬁaﬂé%@o@ Sneonemvtatieneat aboyt so
and a Se concentration of about 1% Top el ectrode

th@BOWhey desaleptndeviaembirpal 1Raviagsdithneknesgs most of
f bout 20, A
th%n%%%?%%%[?g1%%g$ﬁ|c he 581 gu&egggg @838591$9§e

ness o el ectro nmay range
vafigmiahout 408 HAoloagbodt #ADBhAthel hednothdevice

enbodi t, the thick f el ectrode 93
S SB8uE S S00The | CBAFEABLE Hal erpal SUTr o i (e o930 25
maﬁa%rl§f£%9§d3b§hbﬂaﬁ@hﬂbo%rgbégg'Hﬁkﬂlbies thtankdm for

, titaniumtungsten (TiW , carbon (CD
exsiplepntbar bhdek(SE€) or aR1QM|GﬂmBDawthgﬁ1ﬂﬁtﬁWdéChlng

ma T yas 2R8I Per ST I Febhy ot AREAI Bin Ftr CARCETERTY, s

el@@ﬂ@bﬂét|OFOQfekQﬁ§Eef|hﬂEre@élﬁghﬁheSUhﬁakhéss of
conductors or resistive conductors conpati bl e
swsmph@ngn@aharéaﬂaBZgzmaylhnéﬁ@aéﬁbéa?gghfeSb@éd Voltage of

sefégﬁt&89§c8”g2?°t%QEhe#ﬁgt£8981ga¥h89"PEbSEnQEBQ@Q 384 tage

have a t hi ckness of abou Top el ectrode
is QBﬁcﬁaasaﬁsmf be, ref e&hteedié\mm manmappertiet ecdmode Ene

bottom el ectrode 360_may. al so, be, ref ed to as
hof Gyby BPLEATBIL P 1T G TENT Tob et e Beeqed o
seﬁaﬂybﬁhéeﬁﬁﬁéegft@oﬁ@a@thbtbﬁ@tcﬁiﬁ?cﬁéﬁ@céimQﬁ, e.qg.,
el ectrical "current may flow vertica

thsmpomhoagthaﬂeﬂfaElQQOrbéﬁﬁeéﬁOt@Ddeﬁé@:gggg%93@rﬁﬁée the
ho$§§%$f%§5§%5égga %%9ec? §§%ggey Seé?gen?¥ ?ﬁin films

areswsedning swckehbhgonat endak1820radds 930 and 950 may
form select device 120. Switching material 940 may be
formed using similar but different materials and similar but
different manufacturing techniques used to form switching
material 920 described herein. Switching materials 920 and
940 may be composed of different materials. For example, in
one embodiment, switching material 920 may be composed of a
chalcogenide material and switching material 940 may be
composed of a different chalcogenide material.

The threshold voltage of a select device 120 or 125 may
be determined by the thickness or alloy composition of the
switching material of the ovonic switch and the holding
voltage of an ovonic switch may be determined by the
composition of the electrodes contacting the switching
material of the ovonic switch. Accordingly, in one

embodiment, the snapback voltage of the device 125 may be
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el ectrodes 930 and 360. The threshold current (I TH)

of select device 125 may be | ess than the threshol d
w@osee7f or an ovoni c nenory device set in a PEONS2005/022772

resi stance, anorphous state. The resistance of the

sel ect devices 120, 125 at the tinme that the

re %E% eVIC%%CE%%}%¥h %hgﬁ n%%s”u%ht%reag%%hll #:ﬂg%erlal

S greate e reS|st ance o

anal a@ent; 130Qarsa dihalr Wier arsellectrderd.ce 120 or 125
is swtched on, nost of the voltage is across the

sel &8t OB8y FERCCE TR ithe FHRItARSY MR bHefd djol A4y &au be

tnthel theps %hl%ctth%\!an%% SV chescnlhe thesheld o400 to
voltage (V TH) sel ect device 125 may be altered by

reclhargilrg kpogeces g%l\t@mnabne@]szuchh&s pafter iedardle mahée made
th| kness or_. al osition of s tching.mater.i al
0030 LEHAL RE=LaEry B aPdn 0F Tt A8 ABneacring Srect Foudier
seh@Eoaxampbe, vaReeasiing thie rhhigekress sefy W tiIcidwy such as
material 920 may increase the threshold voltage of

ans@pecfedercelizy, Wiithh 20Fe tPed(ft Gehat Mife S¥ndEddck alloy
1n}é%8@99(1§1 a%%?n%s\g%r'cfen\és' af “1% 508\ €6 lerl ”Szllfzég 15%

The hol select “devi‘ce
GenaﬁO%eSalaeded/osbsemlm%.bhbahﬁgapobfcabbmn t.85eV. As

tchin vice_ 125, .e.q., the conposj.tion of
a3l bt SUCSCTR0 G- 30 Ty e COPHeNE thY Rrarye
smﬁ@h%@ggrgﬁ sehect-cdevihcent2aordWohehinng irateniodl 4% educe
and el ectrodes 930 and 950 may form sel ect device 120.

legitpoehi ng material 940 may be forned using sinlar but

di f £, acg ,IBLe 2%'%agn%eshg]éapggggrgl%g%%%rent alloy as

manu aring techniques use m swi t ch
thﬁrats@ﬁtahlaaomdeé@ﬁabe@4ber ei.n.., Swet glisng Agatari,alss. 92&, Ge
940 may be conposed of dlfferent materials. For

7% éxawte TP ton@ OanBOArRe AL LRIt AR RETBRRARg50 nipe
a18800BROSEd %tergaql sageni.de et eni aheand SWatehing oy .

m ?glghls embodlment the threshold voltage of select
device 120 may be about 3 volts and the holding voltage of
select device 120 may be about one volt. The threshold
voltage of select device 125 may be about 1.1 or less volts
and the holding voltage of select device 125 may be about
one volt. The threshold voltage of the device 130 may be
less than the snapback voltage of the series combination of
devices 120 and 125, so that Vig of the memory device 130 is
not exceeded when the select device snaps back. To further
reduce the snapback voltage, more than one device like the
device of 125 may be placed in series with the device of
120. As still another option, the device 120 may be made of
a material with a higher activation energy. In some

embodiments, the device 120 may be formed of a chalcogenide

having a higher glass transition temperature.
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conposed of a different chal cogenide material. The

threshol d voltage of a select device 120 or 125 may be
waledoenodsmed by the thickness or alloy conposi t PORUSH005/022772

the switching material of the ovonic switch and the

hol di ng vol tage of an ovonic swtch may be det erm ned

by t Qnpo f_the t rades ctln the
SW tcﬁ%tﬁlgqpﬁa?e 31% q?agﬁwe c?{vgér%ll cchlvm o ceor |ngI f the

ddwi cene. 2enhedi thegshecreaaapbm:kie\eo&atgweamftnéﬂaj@keycté:elzs
125 may bereduced by reducing the thickness of the

“&Mt@&wlnﬁé“odféft &rliegiednd bsisvy B afar indd larthsy piegce 120
ugl 00es 117 Ong 18RRdidERt o 4 Q%é%ﬂ%ﬂ&ﬂﬂﬂ%e), the

may be thinner than the thickness of swtching
vodt@s alcrodG ttha euded daltagerd Alhteeranamiare] V3@ hmy be

i JEN R Gt e Agor SACORaTE or. DRritHp 195 (HE

lekdiRge ahtoBeYd @cki@aV.cosiithaas oan mlﬁ&eﬁ@ﬂ oy
with 20%to 40% Ge. One suitable alloy includes (in
degedmict ofler c &t KFEs PHPTRIANSNt21dpE VIOhtGge EBUAES dBOvhCe

1386 %ﬁ/d 1,270 ets Whtahih 3 gandaap, of, 3ha) © %gg)es%ay@%avdee val ce

anot Her "exanp e swtchi ng ele
128manitar arceasrm;as_lgrgeactam tlF@rh@maZ@ﬂIea| e ectd it drace

d T d 12 be de u
ACUDPPorb CHTIGE A2 RECbrEc FIAG R SriaIC P St times
1eke %%(g‘h "é%e?’?r%s 19tahE% a@e.‘co%o@ ,th\é'!I tdtév]_LQet QZ@%rﬁﬂLdledche

silicon in one enbodi nent. The alloy for the materi al
degmenéﬁobéragl@‘egﬁem calcageliald @;ts |trlilxte|ﬂ®lefhbfc§ﬂhtrmﬂ The
re | t f I VI c
ln%%%fﬁsgi% \Ic?ol th g eggl %Oﬁ §% %&ol agg%mgb ek%‘Ag‘eevsl &e t of
thd2Qerayclke 1abautre@r1etm4 Hlv'ﬂ’cﬂ@rt Bresiel (ih\é0|deag_eze!3f120 .

sel ect device 125 may be about 1.1 or |ess volts and
Thefe 1Rol difig LWGIFEAGE of e8It Fovitbe 125 aday B adfoReross

selected row and column voltage, that is across device 120
is proportionate to the voltage dropped across the device
125 and the element 130, which can be reduced by increasing
the leakage and decreasing the resistance of the device 125
relative to device 120 at the time device 120 switches on.
Maintaining the series devices 120 and 125 in the Vy on state
is assured by maintaining the current greater than Iy of both
after they switch on, and the holding current and threshold
currents (Iry) of the select device 120 or 125 (Irg)may be
adjusted to be less than the Im current of memory element
130.

For example, if the device 120 triggers at 3.3 volts
across the select devices 120 and 125 and memory element 130
to a holding voltage of one volt, this. leaves 2.3 volts
across the remaining device 125 and a memory element 130.

The 2.3 volts is adequate to trigger device 125, and the

relative resistances of device 125 and 130 may be such that
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one volt. The threshold voltage of the device 130 may
be | ess than the snapback voltage of the series
w@ eovbloowatri on of devices 120 and 125, so that WIHUS$005/022772
the menory device 130 is not exceeded when the sel ect
devi ce snaps back. To further reduce the snapback
vol t .. more . than .one device.like t.he vi ce of 125
MRy Be THSE T o dr S5 AT e R e G 19b R 1t
switddhe sgnatdasti nep tihen mdntte- et nk2 Q. 3tayurhar iestee dfwisch the
material_ w th a_higher activation energy. In sone

peEnttde Mid (@SR CETPEF ﬁﬁy(@gqmﬁwﬁg;Qﬁg%idevice 120 +

vychal-¢egenbde BavingracNbohen 49hgssot kanei biroRhe device 125
tenperature. Further, the | eakagé and the threshold

iscwddent tof thiee hddviicw 120 tewe lod |tdss deharce He2d eakiage the
f the Lce_ 1 and the nenory el enent 130 so .that,
bafRAE Clie oy i6d 36 (1G86T & CaS TS WG5S Texcabas The
relshg thiheshelhavd tagehge UFe thel (Re® iaehash tdre demi s 120
125 and the elenent 130 may b e mnimzed to a .
ande[180; V&l ¥ -i3ndi §hinfisc At ofofleHgee ARE MhBUPedkage favéce
he .ser.i c [ i I 1 desel ect I -
T e st 03T Faps enrsie ad SE iy Ty e
vollésget han beY%fofr thiee velduage &or dssrcheidevitte IR ding
ntil it is triggered. For exanple, the resistance
vOSEPHES OfhE de itod E25 S & ToPEmE e M40 % A be- o Ld
vollkBBe besanihar the Hesiiskaneeoacio3st ke dRViLrRike0
until the device 120 triggers by exceeding its
adghitaoholkdg vioktade> The thrcrseadesi wombiasitslod -vol t age
for c [ .Ser| set .of .t-the _devi ces .is
resﬁgggf gg\% %%lggf'ogéot élddé\%%cgrfg&e%hgthel %a]tal?ece of
thenobeasge Helallopedt ont kdet dtiall iviel, t ap@vaCress row line, is
sel ected row and colum volta that i s acraqgss device

the03rEOpFop6rt MERAEY ?éepﬁétvggpageAér566e&°&5@6§% t he
in%@%h%%sl%ﬁeﬁnQh%h%th%ﬂeﬁEnéggs whischcan be Jgduced

y increasing the | eakage and decreasing’the

sopesiest aheevofitehe dewvi be 128d as a one when the element
130 is reset because the column line voltage keeps
increasing and exceeds the sensor or reference voltage. If,
after a reasonable period of time, the column line does not
exceed the reference voltage, then the bit is set and in the
lower resistance state.

For a combined select device and memory element that
has no snapback, the total voltage across the combined
devices 120 and 125 increases as the increasing current is
forced into the pair. TIf the threshold voltage of the
device 120 is equal to the holding voltage of the device 120
plus the holding voltage of the device 125, and the
threshold voltage of the device 125 equals the holding
voltage of the device 125, then the snapback voltage of the
device 120 is absorbed in the increase of voltage across the

device 125 without the device 130 thresholding, then the
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relative to device 120 at the tine device 120 sw tches

on. Maintaining the series devices 120 and 125 in the
wO/kboenosrAt € 1S assured by maintaining the curP@nuUsS2005/022772

greater than IH of both after they switch on, and the

hol di ng current and threshold currents (ITH) f the

| d 120
o BeE bRaN T RGT T CUFFARC BFPPREROLY CFOTER T Fer

mehory el

voexagpl en tbmbheadewvnce I%Oab@bg@et&eabn&p&ddwtmbltage of
across the sel ect devices 120 and 125 and menor
the| EpBAt USULES. athsl dhagsheLfagelspIsnetvéibe, d@ﬁﬁﬂsce 120,

mihBaVese2 §1&9h55§§§E%%% %%eta%nab@a%g deyi ¢ 125 and & 5

menory e ement volts is adequate to
theni gger tieesbeld25olandet hé AEbat whé chedisspaedesadfly less

device 125 a 130 y e .such t nost of the
th€8|58381P§ X8$5§§etﬁ 55& ggviss ggEOnly it switches,
| eaxkngnt Beanpneryiel e ﬂ%nthiagh@m&WWBQh@@@MdEhthﬁedev1ce

bal ance of the voltage across it %above.volta e device .
1292@qua¥ysHteviedding) ved teRgt ofhéhkolPgVAG ey dlltagahérch 1n
t he 5,i t h ol _di it foet
tndduRaels, 16 tho A bar ance of i Ko vartage arace the e
defrener y26| esent 61301 tEheitasual hoigisgapbackgeolotfage Sofvolts,
t he conbinati on of devices 120 and_130 i

3.3.V m
thoR Bhed8vHLeT20 HPds 0B HF TR o195 SHRLRENOLY of

th¥055@96e3§595§565 ant +43@,, 4say The3¥esThicgnvel tagenean
further reduced by increasing the hol ding voltage

deaﬁcanyzéf?the tevesesldr chy reagucitngheheevhcesR@ld flowing
f.th 0
thgaagﬁggﬁog8§P§ggaTag% Q%VI %St%% o%l%%%ﬂ%r %&'%%%t§%v1ce

t 6 the serted “Eonbinati on

12bhetdevkcesrddfoandvd2satei.ggep, itthedhakange pafidrheo the
voltaggodevelo ed on the bitline, above the row line,

devgcehéROatrsss PhEIREMDL]CeVOAEADC186T0AS the Yaiage 120
15l BCkeages swhent hgicalbumclbine ik§cduieReby o& QU rento1¢s

and the total voltage is 2.9 volts.

After the device 120 thresholds, the voltage across the
device 120 is equal to the holding voltage of the device 120
or 1.5 volts, while the voltage across the device 125 is 1.4
volts, which is still below both the threshold voltage and
the holding voltage of the memory element. The total
voltage then is 2.9 volts without snapbacks since an
additional 0.1 volt needs to be applied across the device
125 before it snaps back.

As still another example, the device 125 may have a
threshold voltage equal to its holding voltage which is 1.5
volts and the threshold voltage of the, device 120 can be 2.6
volts with a holding voltage of 1.5 volts. Then,
immediately prior to the device 120 thresholding, the device
120 has 2.6 volts across it, the device 125 has .7 volts

across it, for a total of 3.3 volts, and memory element 130
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source, the voltage can be read as a one when the

el ement 130 is reset because the columm |ine voltage
whe@p®odentr easi ng and exceeds the sensor or rePEr/EE5/022772

voltage. If, after a reasonable period of tine, the

colum Iline does not exceed the reference voltage

Iu%b%plﬁpeégg Qﬂg éfb&lh ﬂ rl&%?' <9Q§ l@ﬁﬁtflnes

or a do ned ect device an nory enen

AmmxnmﬁmQMMmkmwm@ﬂmiwemmdagﬂawmsﬁdhm£QMEm%beavH
deV|ces 120 and 125 in reases as the i ncreasi ng

ofdury el iy fBHCESE itmtd Rave Dafrr Ll £ -Pe taﬁlrde% gqiemory
el‘é@r{etrﬁQQT)Qf e demee 20 d g eaual 1o the halding 2 vo1t

vol t age of the device 120 plus the hol di ng voltage of
Srtalmoadzémsctelcmih@m@ntdw tehreeshdl dl 3boin@gesads tels increase

. dev 125 e uals t he volta e of _the device
S e AT i abaei ol A0 1 e e b 23 ¢ column
voahkseyded in the increase of voltage across the device

125 without the device 130 threshol ding, then
theéi—@ve%t i JOLTEEE AP ERES etéleaﬁrﬁéfa?rr&t ¢ aanthol 30 to

S@%a Q%tage SChe fl%?it er| ce, ?ﬁe t]{w es Ehdls is
de\t@lrtrragedofoyt rtélede:\ﬂl@e;wz-;o rermmisartdw hdledi ndhevaldraigee 120

of e ce 120, nust t han the threshol d
S &%&e of LO18 S TyehiSFeT st 163%9 Y45t diqfy can
bevelitage afs %ﬁ%l@%V%C%l%%%r'%é%f%%éﬁ@@“gda iferdde the most
threshol d voltage of the device 125 equals t he hol d i ng

voldlegggelrer t f¢ déw ddmE23mmgdich aly i rexamiltes i s
th]reéil\éq_éﬁ%& arlq tntg% thr g.mt%r % v%]fclttf% daev ocses ]12c0

ng v a e o
whbheasthhedewa@% a@@ossﬂbhaaQEWI&&abﬂidﬂ dﬂ“its threshold

ﬁhreshold of the device 120 is equal .to 0.4. The
VOLEGOSt FRESST lithe dédi caoryd &f &nEmRestolVPId@defoorthe

cohBe ndeV e 112Q hbowing tREoUGN e MRk RE ARRHE LQADThe
the resistance of the device

element 130 and results in current flow that may exceed the

holding current of the devices 120 and 125 so that stable

voltages are established and maintained as the current

increases in the element 130.

Thus, in some embodiments, lower leakage is preferred
in the device 120. The increased snapback contributed by
the device 120 is counteracted by the device 125. In some
embodiments, the combination of devices 120 and 125 result
in lower leakage and less snapback when the series
compbination is used as the select device for memory element
130.

Turning to FIG. 5, a portion of a system 860 in
accordance with an embodiment of the present invention is
described. System 860 may be used in wireless devices such
as, for example, a personal digital assistant (PDA), a

laptop or portable computer with wireless capability, a web
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120 at its threshold voltage. So i mediately prior to

the device 120 threshol ding, the voltage across the
walewsoet6c120 is 2.6 volts, the voltage across tPeT/tis0ee22772

125 is .3 volts and the total voltage is 2.9 volts.

After the device 120 threshol ds, the voltage across

tahi€rd oY) 5828550 8B, 10C pgﬁegln PV 246 Oh 8 ging

eV|6e 21%0%or age across the
dedewecealaSgusal hugokt 9laywdirchai sigtichll belewahotdr tdider
t hreshol d voltage and the hol di ng volta e of t he

depgrepy tBRENBAY. PThedeptar &8|Fgaesmﬁ§n §/9rg regeiye

1nbeH8H£oﬁn@9?é§E§siynces?@t@QdB%boﬁé Beluvelt ineeds, of
be applied across the device 125 before it snaps

thbaéklleslsglsysaamshea eianpees fLheadeviree D25woayc (WLAN)

have a_threshold vol tage.equal to h vol ta e
SYRRFON Psvi 8 0ot SohRA Ehoot RPeBRBIHZboN Fagh of WoheTs 2
cedeMiee #20weanr,bglZnobgnokhs @bbbeaohOkﬂengréebhage of

1.5 volts. Then |nned|atelé prior to the device 120
inyRpeaABl HFNGOtt hémdsercen1 2biRagesPeChol ts across it,

thesg§¥%ﬁ68%85m§gslnzlﬁggta @8%2%%1&%6.%@5 a_total of

and nory el enment for a total
inpfit3ob¥phet WEED) r dewand GGDumB Ulneskegpedn display), a
thresgg d|n of t he device gg i?%.h a
MERP- B t§ WHEGIEES128 ﬁ5§aﬁevﬁ fCT“€ Sand CRE
otHEHDGYaeheHEBt8@§O has bAeh¢ased hetBadtuakt $heS@cope of
there a .2 volt snapback since the nennr% el ement 15
P

thaomreeestt hngenhipeasé hAtvéiragedasposaopaimenksuhaaing
ease fromr vol tage . Thus, the
anyNGEeEE BEOMLQW L, GOLUMD.Y

age aCross y elénment 130 to smntch al so
det evontneslthegapomal obmppapbackoandxkhpdei, Sone or more
determned by the relative resi stances when the device
migPEPERFEERRES, HOWBVERL &VeRathBaEREPRETEhi cker devi ce

mid20c68Prollers, or the like. Memory 875 may be used to
store messages transmitted to or by system 860. Memory 875
may also optionally be used to store instructions that are
executed by controller 865 during the operation of system
860, and may be used to store user data. Memory 875 may be
provided by one or more different types of memory. For
example, memory 875 may comprise any type of random access
memory , a volatile memory, a non-volatile memory such as a
flash memory and/or a memory such as memory 100 discussed
herein.

I/0 device 870 may be used by a user to generate a
message. System 860 may use wireless interface 880 to
transmit and receive messages to and from a wireless
communication network with a radio frequency (RF) signal.
Examples of wireless interface 880 may include an antenna or
a wireless transceiver, although the scope of the present

invention is not limited in this respect.
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be viewed as having a hi gher resistance and, hence,
the nost voltage drop, at the tine imediately prior
wa eoosesethr eshol ding, it has a full threshol d rCI/USZPEs5/022772
across it, whereas the device 125 only has a fraction
of its threshold voltage across it. The anount of

snapback voltage for the conbined.devices 120 and 125
o PRERCaESEr SpGa TREFULESt e I Bmd o130 A o oleEd
iligsewreent ahbowekbhat peay hexeead heyhabdimg ceuritent, of

the devices 120 and 125 so that stable voltages are
substabPtined - arbaraPAr arAEdcas iVRECBGPr BAL Li ROMeRSEY Y O
0 h inrsone e ' S, +loner
th%ggkgggﬂﬁgap%gfEP§e§§Fh tﬁg gg&iggg%%gsg%ﬁetfnggéased
unsaaphack thatr ichet egrbydeHecdeiinceat20ingendignt doactesr
y the device 125. In sane _enbodi nents, .the .
a1 B Rl P ohE oF S he0PCoE B T2 85 Gait Wk hiBudpe true
spheakage and Lessngnapback when the series conbination
Is used as the select device for nmenory el enment 130.
Turning to FIG 5, a portion of a system 860 in
accordance with an enbodi nent of the present invention
is described. System 860 may be used in wrel ess
devi ces such as, for exanple, a personal digital
assistant (PDA) , a |laptop or portable conputer wth
wirel ess capability, a webtablet, a wreless
tel ephone, a pager, an instant nessagi ng device, a
digital nusic player, a digital canera, or other
devi ces that nmay be adapted to transmt and/or receive
information wirelessly. System 860 nay be used in any
of the follow ng systens: a wireless |ocal area
network (WLAN) system a wirel ess personal area
network (WPAN) system a cellular network, although
the scope of the present invention is not limted in
this respect.
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System 860 may i nclude a controller 865, an
i nput/output (1/0O device 870 (e.g. a keypad,

waele@ploasy7 a nmenory 875, and a wirel ess interfBCBEUSRO5/022772
coupl ed to each other via a bus 885. It should be
noted that the scope of the present invention is not
limted to enbodi nents having any or all of these
conpioents clEbRefotPer 865 may conprise, for exanpl e,
one or nore mcroprocessors, digital signa
processors, mcrocontrollers, or the |like. Menory 875
mayl be sedappasiore, nesspyesitgansnitted to or by
systen1860.hN@nDrMa87g ﬂa¥o§|3818 é'gnally be used to
store i n3tYUTTTons*tHat "ar'e €xecuted by controller 865
during thesopesat conmoettsystens868e1antdionydbeiusedahd
store user data. Menory 875 may be provi ded hy one or |
nore di f& e?@htes ypeRNSELARNBPGONROPC ERAFPPR, CRBABRYRAVING

hi%%%& sf§@§ﬁééea§@yatygfgg£_FHPQQHB?&C§§§tQEQDEMaﬁ said

atrTe nenory, a non-voratile nenory such as a flash
finevosylandion demeowry such as nenory 100 di scussed
herein. 1/0O device 870 may be used by a user to
generate a nmessage. System 860 nmay use w rel ess

i nter f acen880pbOrLansHtt candnr eCeh¥ e MBSSAGEROL A1A8d
froma wireless comuni cation network with a_radio .
voltagrierey {RFyskpyAarol ExaepPessaidwl tEfbsseiackipacaevice

88 [.nc tenna or a wireless transceiver
ar%l%%%%%%ﬁ?ﬁéfg o%gu%?'the present invention is not
limted in this respect. Wile certain features of the
i nvention have been illustrated. and descrgged her ei n

many- nodF ¢ cAPPRRICUS UBSt FLEHT ohs"Nehahges e afiBerPack

vo POy ab entise Wil Lshowe DECUl of 0gd hose skilbled tRahhezs
art. It is, therefore, to be understood that the

volppended clainms are intended to cover

4. The apparatus of claim 1 wherein the second
selection device has a higher activation energy than said

first selection device.

5. The apparatus of claim 1 wherein said element and

said devices are arranged in a vertical stack.

6. The apparatus of claim 5 wherein said devices and

said element include a chalcogenide.
7. The apparatus of claim 6 wherein said second

selection device has a larger snapback voltage than said

first selection device.
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all such nodifications and changes as fall within the

true spirit of the invention.Wiat is clained is: 1
w@\nooapp@rat us, conprising: a phase change nenoPEI/US2005/022772

el ement; a series connected first selection device;

and a series connected second sel ection device having

hi gher re |stance hr shol.d I ta ge t han

salg firs s@?@éfﬁgﬁsd8§| ig $ﬁ8r§58a¥§F 8ﬁcogenlde
inCkai | Eivwherehn theohel gbm@cwbhaaey@e@st hseshol d

voltage of said first selection device are

nogpbsgapminably wgtariad.. The apparatus of claim1
wherei n the snapback voltage of the first selection
device is less than .25 volts . 4 . The apparatus of
cl abm 1 mheeehodt bempedendgsel ecti on device has a

hi gher activati on ener than said first sel ection
devi ce. goup#ﬁ@gaﬁpgﬁﬁggssﬁ SeFaPHh feWhEFePRCsEi §econd

seeéeeeeﬁ abdisai dhdexi-ees @fenanrgnged tRadguehbinedly
stack. 6 . The apparatus of claim5 wherein said

eldevntesuahdtbatdtéﬁeﬁEﬁEtlﬁ@ﬂaaélancﬁaﬁeégehﬁéea higher

I,
e 0558008 814 g EhL LB IREEn 82 dhecend selec o

Se§ebegbhoaedegece 8. The appar at us of claim6 wherein
the chal cogenide in said first and second sel ection
devices is a nonprogrammable material. 9 . A method

compp! s! £l ﬁgﬁﬂggngfaciéﬁﬁt9S§h8§589ﬂgd@¥h%§1ﬁﬁdaasecond
second selection device in series Wt se ch ange
sehenbiyel éaente having a holding voltage and a threshold

voltage that are substantially equal.

11. The method of claim 9 including coupling a first
selection device having a snapback voltage less than .25

volts.

12. The method of claim 9 including using a first
selection device having a higher activation energy than said
second selection device.

13. The method of claim 9 including stacking said
memory element, said first selection device and said second

selection device 1n a vertical stack.

14. The method of claim 13 including forming said

devices of chalcogenide.
15. The method of claim 14 including providing the

first selection device with a larger snapback than said

second selection device.
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such that the first selection device has a higher
resi stance and a larger threshold voltage than said

W@ ewenaesel ecti on device. 10. The nethod of clBETUS2005/022772
i ncluding coupling a second sel ection device having a
hol di ng vol tage and a threshold voltage that are

substantially equal. 11. The nethod of claim?9
i ncl@di n§heoliptlRg aff FraimséPedfFoéHA4BGI EE1REVPNG a

ch%pégpéﬁkd¥0£hageigeﬁéntg§egrg§mgeh58inléaiah%iQ%kh%%d

aim9 including using a first selection device
sehauidngeaechitgher davticeati on energy than said second
sel ection device. 13. The nmethod of claim9 including
stacking said nenory elenment, said first selection
devige amdesabdnsacemndcselfcbi oncdaviag uBiagvestiidcalkecond
stack. 14. The nethod of claim 13 including formn
sesarfigeviegscef teharesgenthe. sH8PLFRE ﬁ@pﬁéab@Fe@|%xmthe

figéFigghggkggnpag¥kghng the first selection device with
a

ar ger snapback than sai d second sel ection
devi ce. 16. The nethod of claim15 including using a

chal cogenj de that is_non-progranmmable.in said first _,

! BecoRBC S8 EReForiCaBIRLBe LT 1 IMC TG e HBd 76 ERaiihEst
sePebpebHdhngi Ui pg sakdcseenndisekaeti 8 deviCectAes

reduce the snapback contributed by the first selection

codeerted $8leThéonethudcer ahdi WENPriynelgdeA§ -usi ng t he
first selection device to reduce the | eakage of said
series connected sel ection devices and nenory el enment.
19. A system conpri sing:

19. A system, comprising:
a processor;
a wireless interface coupled to the processor; and
a memory coupled to the processor, the memory
including:
a phase change memory element;
a series connected first selection device;
and
a series connected second selection device
having higher resistance and a larger threshold voltage than

said first selection device.

20. The system of claim 19 wherein the holding voltage
and threshold voltage of said first selection device are

substantially equal.
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a processor; a wreless interface coupled to the
processor; and a nenory coupled to the processor, the

woreowoogd6rnel udi ng: a phase change nenory el enePCT/US2005/022772
series connected first selection device; and a series
connect ed second sel ection device having higher
resistance and a Iarge thre Eolg volta t han
firét-selB8t PEATEBVPELCL3H™ §§?éﬁ1 CcrPEP

voRg @lBftBﬁeh@hgsegS¥QEE@9§naaev§Bée§50hdsgokha@e QE
said first selection device are substantially

voégaal . 21. The system of claim 19 wherein the snapback
vol tage of the first selection device is |ess than .25
volts . 22. The systemof claim 19 wherein the second
sel egti omhdeyiysechasfachaghet 9ashevat honhenergynthan
said first selection devjce. 23. The system of [

laim_,
seigchherefAvsgrdheFefeRt 95RE §SF6VGE%PBe?nﬁngaFﬁﬁﬁgéald

FikBrasueLtical, §tacke 24 The systemof claim 23 wherein
sard-devices and sai d el ement include a chal cogeni de .

25. The system of claim24 wherein said second

sel ection. devi ce has er .snapback volta

saiggfirEPeséVg Woﬁfdgb g.EBengﬁsls g en1o %E%Qwénd
sa2d4 wbeiekp hLbe §B@bﬁ@@@nhﬁeaiﬁe$@hdaﬂlésbcand second

sel ection devices is a nonprogranmabl e materi al

24, The system of claim 23 wherein said devices and

sailid element include a chalcogenide.

25. The system of claim 24 wherein said second
selection device has a larger snapback voltage than said

first selection device.

26. The system of claim 24 wherein the chalcogenide in
said first and second selection devices i1s a nonprogrammable

material.
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