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METHOD OF MAKI NG ELECTRET ARTI CLES BASED ONZETA
POTENTI AL [ 0001] The present invention pertains to a

woewdmeasknd of chargi ng polyneric el ectret artPCI/E82009/042168

The nethod i nvol ves using an aqueous liquid that has a

condycti vi t nd,pH wher h are sel ected a
Fundiebioty Eells: %@Pgsxtﬁﬁﬁ?%?navusﬁenar@ina ffermory Cell
BACKGROUND [ 0002] EI'@@g'8MmAing Medads hat s,

dielectric articles that exhibit at |east

quasi permanent el ectric charge - are known to exhi bit

T NIOAL &tIEb® properties. These articles have been
fashioned in a variety of constructions, but for air
filtnpémeny BeIRQSAREMdyec@ll tdodistau st Na ivd tralehdriyecell
formof a nonwoven polyneric fibrous web. An exanple

PHP IR IR @dNedSis the Filtrete(tn) brand furnace

filter sold by the 3M Conpany. Nonwoven pol yneric

electret filters also have been used in persona
BAGKIGROMMDpr ot ecti on devices - see, for exanple,

U. S.  Paten 3'4’536’440't°'56kf’ 4,807,619 10 Dyrud et

al , BOjuYoriile Mg any; ks vapelf useq igonorghle dexices ssch as
diital CAGhRadlind rEBBB?!é%‘HiStplékersl.O%@ﬂwy-Ehﬁe‘?éﬁpwbés of
charge enhances the ability of the nonwoven web to

noapv atailpaneintd psatdatv adiedlsuspehdesingna aiffevent turedamental

t h th b. Th b typicall
ST RSY " PR emC Yoy TS BRBE alek TR MEiare two
eRaneSIRAUSE h¥A-vo ReHlY TREMor. V8bned YoH-vbaaei fiesSoRAKfay be

been devel oped over the years for producing el ectreét
balky engsmgy0o0aume By wadrsirabie iamgouat of power. Itis

lectrically- r.ai . . fOi I 5.descrj.bed
ST R RATR R RS o B . SoVERE UL non-
vBHd tyleem epab frreadoy fedivcdluntigigelafasich Gutiess. Acdordingly,
APPL. PHYS. LETT., 547-48 (Dec. 1, 1972), and in
neway glaie ohep nkratRecuPies agmal areacand £ansumesa small
AP  A415- Oct ober 1976). Chudl eigh's
aﬁ%@ﬁ§§°f§§§ﬁ§é§;§%§¥§§H% a pol yfl uor oet hyl ene pol yner
foil by applying a voltage to the foil. The voltage is

o RGeS BRSS! e For "
maki Bgq 8108 oiEBEA MRk AE B sLaediBRRTIPNE Bartion of a

di sclosed I1n U’S. Patent 4,215,682 to Kubic a Vi sS.
consthicdiareirhadcortien€e beits ar e nbloddlitneetl wi t h

elec%nic?LI%Tchar ed Farticles qf thpg.iss e froma ;
die 61918 IIRREAMBRIS HPeSereaiiuriybiayy 04 a portion of a
comekiudiiaimaccBr@ares withelre etniSbdaghef gas, which

Is blown at high velocity next to the die orifice, _
dr an§ igud &h@Néﬂhr@@é}:arplyylgmedwcgr@m&ﬂlilmtrahagctzbweg gdifferent

b} SoR ol BiodRihiag St fEC B bRl
the Figraus ekenentitiovetecifital piibghammehtainoas alyhét memory

filtering efficiency can beinBroved by a factor of two
el Mere IARGEArRaNGS! With 3l PPREideate

el ec C|y i: i ) §§h| o ] L
eIec?ﬁ%igﬁéégggﬁégﬁﬂ%yg(%ggﬁ %roéu@%ﬁv%gpgﬁf%ﬁgpﬁ8H§ﬂ:a
sehacgndgictdl SonBatueio Mirb&8cbBFahce Kitlasen emtadbdiméot. Fig.
exanpl e, shows a fihroys web that is continuoysly fed

S RlS6 shewsod £ CHiedRAUF fiearlsdldiggrpa Bg§i°t”i‘% dhe

B 56S8htd Bf PRE CBESIs@tfdmee of a

Csu&%?ant?ally-closed %ﬁﬁglectric foil. The corona is

pr odrégd6fis ahingrainghatiolarage-sechieralk wstw iof acponidéenef a
to .oppasitel y-charged thin tungsten W res. ot her .
SYABDGCLEE CPERTHETGe ForePRideoFRa in gy ealfedfent Fio.
charge to a nonwoven web is described in U S. Patent.
4,592,815 to Nakao. In this1charging process, the web

is brought into tight contact with a snoot h-surfaced
ground el ectrode. [0007] Fibrous electret webs al so

may be produced from polymer films or foils, as

S ™~ 2 . a ~ NN NN ~ A ~ S - N 1
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chargi ng. The resulting charge provides
filtration-enhancing properties. See also U S. Patents

wW®2®2442888 and 6, 406,657 to Eitznan et al., aneCT/US2009/042168

6, 783,574, 6,375,886, and 6,1 19,691 to Angadjivand et
al .., and 743,464 to Ins|ley et. al. r ot her, .met hods
6calsosShaua 4 Strematif Bckidaoiadram Pl e i mons
cBﬁ%@énéhﬂ#bﬂ$héQﬁoﬁéwﬁuﬁﬁﬂﬂ used in making fibrous
electret articles - see U S. Patent 6,454,986 to
Eitzman et al. [0011] Adding certain additives to the

ebAlRE R DR B EN S SENRLISERATED ERldeRbENTS

addi ng sanmelempbaeessad) erdddipoosherdmalty %édstar\eefcﬁrlﬂ@@d to
as a fluorochenical oxazolidinone, a fluorochemn cal

inglydeagioses.od e ddesBranReceoniigured te anablgdtyirent to
f
T T S

aﬁmﬁesgﬂﬁymeﬁeatmg eiroats taﬂn@elthvlﬁerPﬁdjad\ém déviéks. The
76 an 472,481 to Jones. et al. The | ) )
dfq> § RARAAUALT sFacked ttth‘rGt?j§§Hb¢ &Tmtshéﬂ!'th éh?rﬂéﬁ'ec”'c
flwgf@él@“Qéhanéﬂrébh}’ren@ﬂgﬁﬂ!@r%%t {8 cHERL téthréH"‘P
processing conditions that are use to formthe ers
propehiee elfecpasticuweli-memnalysoells S. Pat. No. 5, 908 598

to usseay et  al I n addtl n to a ne )

o o Herd i b i 1 dizkOsBoked aRIRSHIS M prias for
tvé %ﬁba@s&a@ﬁévmh cutﬁrztuh@lc%mrérﬂfb@émﬁeaﬂtsa&eéun p junction
contains a | uori ne-cont ai ni ng SpeCI es and an inert
dgra@e&ndThem@@na/@mtwr&j aahwnémw@amn@h@emg&tr@ay be

iR el 1) M o ARl LR e [Py BEheFafion ana

rgtemmmEnation meanaeﬁv@w@pmgdwﬁb@hq%noﬁse mjaﬁrtm veIOC|ty
fluorination process causes fluorine atons to

cprdgeMfelbme: NG freakdowm ﬁH@n@éhy(ﬁértheéh'QBlf@|dTFP1ré>pert'eS

orim nticle nmay be electrically
Shkgrégéed%:z%rﬁﬁql ?%l%rsé;etﬁr} t he hydrochar gi ng
t echﬁ‘rwjesosr;jnapbummn(tjéraboweell*éheagl l?lerairéhgedlma\térmircal

cess . is descripbed in a nunper of U S. Patents:
B G5 B kG 6h 1Be megGiyocals M ey subsieBTabyesuce the

0) @rJré)u 0

ré%légtétr%t@ Gartl cm?g rﬁ ﬁ’@gaaﬁohﬁn]ﬂv@{%%ﬁgm@a%%% For
insteincearnbtwe T Umjmony Oeds ot etacweduwchgmatwr&m directly

ectret arti s that have a
ofies P afterafhh thE 2 Bour dost DT GiCiat el estate
cbelanvad Qﬁﬁeabﬁ |§Q§f¢éd:t*i>\¢él yl ButhrShalad @ bat tHd 4 died b 8l
Kirk et al. Oher publlcatlons t hat disc| ose
memery malisoare @@ﬁﬁmtaélé/ PR caesumigg at of megmiconductor

Gaberidlfs Theasbiibn DR ooy Sate qo RIS

inére23QY pPilcdorto millya ttdth@ rﬁﬂﬁBé@b?%@icélllg stzdked memory
I nt ernati onal Publi cat| on WO 01/07144 12] Filter

catles hhus. Aignfigash spridaaded g gradian Héﬁ‘ly @@rﬁ?@le}/ed by
h f
VRESEA S0P LSS AP e TS f Bl con

atrdpers are nmade from a copol yner that conprises: a
copolLyner of e |l ene, 5 to 25 wei ght rcent of

(ot fEor Gkt Blamozk ealls TavaP ey asGe Teggolatile

M Blof aQ‘nH m g\&lﬁrré@p%'cg sf I@qgﬂle@fceﬂg @Lk@‘!s ) or multilevel

(meth)acry ose al ky oups have fro
ceﬂsb(ML@stBSucFm olaolkal: memh)ey acay ag m:prsrparreted into

alized MAth a netal iaqn rticul arl i,on, of
NAND BisrPiry Sridvul ropdinefon Wpih iliwdypa
t hese. The copolyner has a nelt index of 5 to 1000
granms (g) per 10 mnutes. T remai nder may be a
pol yol ef m such as pol ypropyl ene or pol yethyl ene. The
fi bers may be produced through a nelt-blow ng process
and may be cooled quickly wwth water to prevent excess
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Electrification of lon Electrets, 47 ANGNW CHEM | NT.
2-22 (2008); see also McCarty et al., lonic Electrets:

WEbk@on4288t at i ¢ Chargi ng of Surfaces by Transf ePCT/08§2009/042168
I\/bb| | e lons Upon Contact, 129 J . AM CHEM . SCC.

07 di et | Wiy Are Wt er -
RS (MSRACCEIAE Blrdid AnEdhPpl @Sy provayo be
p@%%lé@clowf&%&l W&h%%’rﬁ@fmahcy amPRGh-dPFHR Y The
[0016] I'n this docunent: [0017] "aqueous" means that
staeked gedssmiaygoe docded dhnsualh mulsdewdlonte dame vedtsr

s R e b mERERL MBS T MhafTEH Melihrn SED5YS
cbﬁdfﬂr@:t@@ aste:=eh-] %nlﬁf@@ln ts@‘d@ttét@t ul|I$z m@nlervaitérhpsefmm@mus
with "includes”, "having", or "containing' Al t hough

depOsiHi o8 yocessas, @eswith fawiihgny high t%ﬁ?éawrﬁngDant

<RI AL SR AR ERE L ERTIEARY U oPRBTESRd Sy

alievigtendreravally -i edused Wtdmag ' oyt atexb sacuitadi b yicefs.
which is a sem o?enaended termin that it. excludes

AdsPy Mabs Of the Thateials ehewi R tHaMige IOcH HH{7atpn as memory
[ p K h t
B A P e e oSt o s Tes and
othendhatcogeryrdersemlcwssubesttadumedeabeto Waclo highrsemperature
Fl emrl city; [0020] "electri c char ge" means that there
Yr ge separation; [0021] "enthal py" neans a

t her mydyhpre énpd@cﬂ’i%éb{tsoér@d%ls@ﬁb%t?ﬁmﬁ eOfcRenREeDd Plys.

"H' where H = + where Uis the internal energy, p
1+ $4t he pressure and Vis the volune; enthalpy, H is

or es EHE A G0 lehet ¢ (ALY ST RO b Bl o R s
illsstegrerd. Thd frageent Boayaided @ basesyB e atdiedes@dver

pressure [0022] "ent hal py of deprotonation” neans the
basenh? py (D Hdp) required to remove a proton froma

nol e r;
poseiSF ABHEAY] comal<d BerTEARSyBRES FRRERRI RREIIR,
ewebdh_ %l_manEs ma/yebotrh@tseoobasrﬂ e‘s:imrtmlb;ndfthaggngrst of
exhibits a qu per ent electric c
oY a e G s Heob s ey b ISR 1§ 854 4 and
s%n%%ndm@@ﬁ]sub@ﬂ%‘i@ndﬂﬁé'té?msn%rﬁh&ﬁ?cﬁﬁﬁﬁ}é‘gu%strate
vol une resistivity of about 10 14 ohmcm or greater at
"seonco rdpetart Co ksira2tioa) ;arfdiLFinic moaduotoensuielaate 'amean
uct ure on.of a structure where the. .
a@arn%?nﬂrvsﬁpg “(%m&r'sr'”%eﬁfﬂ'%’h&q% oe%t&rlf?g ”b‘iJUQ'”g but
NGB aiai 168 he! tulkis aisrRGNictVROZ/ teT 1§ Weth hyted am no

aromati c" means an aromatic group that has one to
semleenﬂwéwerwmﬁer (@itlger péoremd innRp3r MAlliesecomprising other

RO A B P B 0 P B8
agsenioIRIs icontydsegedthél Mdtehiavs NgThieotedth coubsnateanefers

aryl having 1 to 5 rings that may be connected or
e @WdsuBPAEERY SdIusturaalidlyding.covbnehlipyiedtenther a

[ > bon atons, and the
séﬁgégnwﬁ:ﬁr@easﬁ%trgf’é@ eii((]’lksgl:l Fbr%onge@% to 20 carbons, an
aryl Atthough base 52r|srBJmWhab kmmhdmogennerst eblrrcary comprise

fused, a heteroal k having 1 to 2Q carbons
”é‘l%%'i%%{ae)berél Ky $0 beqdq WREBIE - cg%dﬂs%ﬁrtﬁﬁ; b?%és% may

Pr’ésﬂ@?&'%a&f %ﬁﬁ%ﬁd%tér’"@u@gtr‘é‘té%o?(taﬁhh | bR T more
basr cit a solution at roomtenperature an
|epywssameo@rﬂed@rtnﬂmtem@tedgnmm) fabricatibagaln shehc
scal E %@ with neutralit k%{s gregresenteg é(t |
DAL 'ur%eB ok W?rﬁc?‘@é’sFﬂHeé §P &5t 85 AN & Ohyreta
decreasingly smaller values, and wth increasing

al kalinity represented by i ﬁ)’cr easi ngly | arger val ues,
defined formally as the negative logarithmto the base
10 of the conventional hydrogen ion activity; [0030]

" pol yrrer nmeans an organr c rraterl al that contains

. -, o
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hum dity) for a tine period | ong enough to be

significantly neasurable; [0036] "water" neans H2O
woare1f887] "zeta potential” neans the el ectriPREl/US2009/042168

potential difference (a.k.a. el ect roki netic potential)

erg e ric curre caus! t.he fl ow of ui d

iTieagPngest Eidise tatkarday e oM eI oo Fees  Nomatamdyers.
eft@oerﬁ]soTth@ SF®IRAd rit¥ e @P pBAhbal rﬂé?kPn df IRY E%é‘%‘ay

of making an electret article. The nme onpri ses:
Coa)prp$©\arde|@ctalc|adiwylm§u|lz¢tlwtmateylalos@éhaharqmduahwe layer

of S Pl BB P ARl B el R 1A Ebme

covpddicheMid, Woesd ald mas; céh95prl|§e taheemitb st actason-ineudator
gotentlal of less than -7 mllivolts (nV), then the

(e6Hi é’@ﬂsﬁ@mﬁm%r has a conductivity of about 5 to

9. 00 BErASICSITRERBE el R Falol Ao Gy 38 P

gr eat’er han : e artic as a zeta
nmllaMWﬁaﬂnaoérlgt 3&1 e sbame e?nlSoMeht&ncScbrig%%cnm anhtavials 22
wat er has a copductivit out t , _ _
apdcP 3 NBNERR MBS TR O %% C@%ﬁtﬁ’reoéf%fﬁ Mm@ rialgHosfinother
Wrdse$% debee @Téét%&eg?yvchtfn@?%ang été’r‘?él% 24Py 82 may

vacuum or heat) or passi rying) or
coompii pataronsuttheteco.mpogiziain Theoimmibvievatiore ofrepimplositions,

P AU BB e s oo BB b o
ol @Pm@r\@gf Larictlsehidials fidriinkesneslaRirRdidmr pFaGhum,

purposes. The inventors discovered that inprovements
typgsian. raluiminunascaeas ir @dldbynickel . Kilewu parmabtagenum, etc.),

o B b kGt s (87 B RLES, ISP EomeE

shriges sugaettuvigsteanslliphteasr aahtdioh eilicifiet keczebad
potential. The inventors further discovered that 't he

CQﬂé‘P@rﬁ'V@ﬂhCmR%ﬁ @ﬁﬂ)'CQﬁQU@rﬁ@hﬁl@)@r@S dEpr rsdABEFoN
I V,
c&??f ?tIrY%ti%ogio rsrglrcirdgA na erl a ﬁ&g@ﬂgblés,ecgéqﬁu@nve
thtaletzaahldcﬁse m bype aote ¢ avid artaickmasmeof éroraraizoils2
beneficial in that it can allow less filter nedia to

NBEREH 'E0l0agRPEY €0 R@NOMRICHRgr ee of filtration. An
e”ha'i‘ﬁ%%n‘?élaefr%oh%%'nté”F@at@ﬁ'aﬁ? Z‘EPHJeQJmcﬂ[]abg@ne of
distribution in the resulting electret article may be
atempouns, duagkbent molghtdaenoel, patinrmandekelBRuERIum, copper,

SCR PTI ON .OF THE. 004 Fl G f t
NG 14 Gl 10 o Lot shisite AndrAetial §8 may
n‘iélé(:ief@)ﬁlﬁé?eﬁi Qﬁbr@lt afdrhtrﬁ!mm?@hésfén trhgw@ér@@m platinum,

i nvention. [0041] 2 is a cross-section of

nigted, baatalam, |¢cpm@¢rr attt@@wrrm RUGgsien shigeideg o4 tﬁuntbabu@
sﬁlc(?é ret filter layer 20. [0042] FIG 3 is a

pet %éctive view of a respiratory mask 24 that has a
filtefsglativii fgrerdl Baamappel rdbndel & astdielde diglettric
medi a of the present invention. [0043] FIG 4 is an 6 .
matekalr andom aof cgmmrﬁef A otiei tab ke EPRIPQSItIPAI @ 2Mbigation

F‘%ﬂ? gﬁ@%”A%oﬂ%‘i 129 M‘fFﬁ the i REGSEte h{aftéfi‘ail%‘h may
IS a Si par cross-sectli on an
bapipadatos phyeical cammztlvwgh datbnmaveriaherand reatevedl. 34.

[004ﬂ FIG 6 bs a perspective view of. ‘aﬁ uid je

) et
spr ay’ S3F £T9OAHRE Ry iNsdIaH¥E MALGHR rgg{J@@@ a stack
o?retlééirﬁdsally”lr@ﬂﬁﬁ%'lﬁ eY‘ét\WntthhﬁwéJTrﬁﬁWHual Jayers having band
i nventi on."DETAI LED DESCRI PTI ON OF PREFERRE
gamdwmsnpomm mlemtqysmerheaga;doeedrfoedhemmdlqwat s

invention, speeific term nol
«BpugaTiprLy e HlogRt °Fhe v bEn MAD e iRy Rlckdbsses
intended to be limted to the specific terns so
selected, and it is to be ufiderstood that each term so
sel ected includes all technical equival ents that
operate simlarly. [0047] In practicing the present
i nvention, electret artlcles may be nade by first

T . .
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wat er. For exanple, both the pH and conductivity of a
sodi um hydr oxi de (NaOH) aqueous sol ution may be

wWQ@Qer@dn#sBy i ncreased by addi ng nore sodi um hydPORUS09/042168

|nto the water. The pH value of an acetic acid

| ut dual | y_d d
T m ol Byl Aeartatiis (p ARDLE R84 Rpme RS artiiatn
c@fm@ﬁ@él eoagisd d¥en it 18, VRt 6F coRBRstét Ohetdiemagreous

iquid can be kept constant while the conductivity can
0561m@mn@trksdsahecaeldufn@mathﬁalswntccqmatlhgyofoaltmmujmmtrlde

A e Amity Bkl h Bt ) Bkt hub Pl B,

sty altride) ﬁll@@ﬁtdﬂdéuiiamamﬁﬁ@wdé" BrRthiganaurde vyittium
may be neasured contlnuously for extended tine

Opi¥¢.088d ZEGQNIL é>r><ll<9/eatTfﬂ%éWb@lgétn%f"trﬁ@ﬁsaau%éaée”ed to in
byt thed bh‘é 410058 %Jo’ﬁ%%écgé%esr RO i B %ﬂ%cmc
eI ectret es enabl 0 erform ng A

saant:lhodm@mesbercepangby t\Mel ohld@t)f giligort és mﬁerbed to as
articularly beneficial for aLtl cles that are

SHIGQrepPx apPIGh &ncoRRPagses @tstamh'e|nae%trvwét3'ﬁpen dioxide.
"Hdeuiadeoz@%%y% %hg guhe Ftbeé@ﬁ‘élubﬁwﬂte'nqrfr&ﬁﬂy?{a%ﬁal 32
a variety o apes an con igurations. The artic
toeyateriala? ? dvh@ma)hsst volbageds aplied @@40%s Fnaterial 32 and

articl tab e f n thi i nvention be )
ialnsta Za it aa B 32 BEihg dp e DioAEE P RuSE AT material
oY ODRSEE D6 Wady ladd 6l ey R B6RAGARed mzsolhﬁnﬂmc@mgérﬁnﬁmn flowing
spunbond processes, | owmn processes such as
frmmatﬁrcuai ﬂZ\IQnmAteV@hBé wBgped fsan® th¥phegieaist applied

Q585 3na (84t B N RasEIZA Wi i r B 54 Belfig Hica, bigner

anﬂél tHDSmarnidlt 32d Absuridaag by, anefsStped vfﬁlntge may have
Organi c Fi bers b% Van A. Wente et al. The fibrous
A

aa?@ﬁadltﬁsoms'ﬂ)%t t QbR P@Hﬁ'tYn%HU’QJé'lrﬁbV@Bﬁﬁﬁnaltﬂ eRme
. . ;
o aFEatE N AHAS AN EoAR) T LeRRBh 206D DLEYets and
1p5rvtéxltmiaad:ty1%9ed:abdj e/o‘lgxgeme%y rbédbbtwaenvx&lb)sut Datolés and -
sed as te As used_in this cunen
15 %'rt%fu‘{n%‘? alys 4ipger{Q)Makaie f @éa%Wrézi‘ef%@ﬁu selectively
g'n@'ﬁ%‘n‘?{ g QEvRROWh &R Hbﬂ[g'f%t@éﬁdﬁét EeEentEHdSERdY®n an
ber difaneter can be cal cul ated using equation nunber
applied Deas esltagN. , The Separation of Airborne Dust
and Partlcl es 1. NMECH. ., .LONDON PROC. .| B
(1655 SogGe GPPEITIRG Splis Batt LAUATEHE S ar 6 tBersame
rﬁy@mabéyashﬁv@ RicRid e6fthye. fAE@bré’ﬂn@WEt 8lodd 2|6€r$15ay allow
than 20 mi croneters, nore typical out 1 to about
cuorantchooftewetrom ma;@rrsalr&%éwmatﬁrﬂalbaa|wbeed0fwaﬁ@ biaged

W56 Y3468k 457 muFBTEME 1™ ReRETOR, majprial 22 to

MANRU32 MnywvYenerebdidded vatle thedarmyg \tdnea@é ocess of
the present invention may exhibit quality factors that

exceddnneading ppoperiges pfgnatleryal 34 gand/gy carrger pnjgction

Y, t r
PEaBerids SRR e TARIIER Palt 581 PP LR 88 1o
chgiteer gesartest ptdartics Ptonaioe e 261 clabt yexgune;alteermatmmals 22,
%O\%%{)}(Ser t he sane article not de a orlii ng to the
Gt BB ENJI0656¢d i phat ¢ egérons to
t&ﬁﬁ@! f18eh %éférmezﬁ‘tﬁwudgeﬁ%étér‘i’al' @mrte%a%@hal thwhen the
I's, to reduce its nsity. Reducing web densit
fm:ahvobage dmcrpbedeabcevem)ap@ctne@bactm wmnterrailaa‘]gnudt
Si er s.throygh the filte Lowe
Reel 22 BB tntfi Bt QbR Yy Bl bram Weleriatp2 to
respiratory protection devices because t hey make the
respirator nore confortable*~to wear. \Wen the pressure
drop is lower, less energy is needed to draw air
through the filter. A respirator wearer who dons a
negative pressure mask - that is a respirator that
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"organi c" nmeans that the backbone of the pol ynmer

conprises carbon atons. Preferred pol yners include
WQEo009osssi ns, such as pol ypropyl ene, PCT/US2009/042168

pol y-4-nethyl -1-pentene, blends or copolymers

cont ai one . or nore ese pol ypers,, and. :
RIS %ﬁhw&f@rﬁﬁwhe “IBERUPCIARRES és agplied
a'cPGJ;é“i'ﬁaRé}'ie\/lefs@)drﬁﬁﬁaat@trfaﬁfrmw' yol efins,

perfl uoropol ymers, polyvinylchlorides, polystyrenes

pol y&tafeoriagds, F;golayea m;a@rnenﬁérf@ﬁum@emstmmn 4 is

REERET P dPeBIa B o oG kPt EMEHATEIT W e is vsea

apRIVERT 8eBBNbhey lFSgd1aﬁh§@é WPy ropridtber Ffagmiend 4 depicts
mat eri al or forﬁgrodum ng other electret articles.

anoyke| enreodiongrepf diadei ef@%@%bﬂﬁ@bﬂt@ blaset # étand
tion with the present invention also
d%éé?ef’eé%? lg%g%ngr% ot herw se forned to have nultiple
poI yhetheahmarrembodi@ent, Siodaidealtec4ric2BaBarlak 84

Kr ue er and %i? g and U, ? Patg_rleﬁ 4, 795, 668, .and
Cﬂ?”lﬁ $@9® £lAdY Qb LRre AT di Gl F'f’mm%ﬁyﬁﬁaﬂr%
ahe"hanesten l'q?:g/’mglﬁgﬁtg&ﬁ:gr?’%é‘r‘t]%t”ﬁaqmr@dclaél%ﬁv@rto one another so

I ongl t udi na of the ber
tktatehaed dapexangl/e@, canbuctopdmend eddes,. arTcﬂl@rfvaieme band

s GaNEET Tie rhRaRyns BanRIe 0nf8lind s eauigrs in one
dhidetion ifalugaeke '&@\rﬁpwmmae@@f A apagppssiigodirection.

[ 0054] Fi bers made from polyneric materials al so may
cont &lialesittiercamiposbli@naddt, t38&.e8nd Rk &y & Ol 6 £ \aty

SHERE AT BRARIANS. ARt el B SFa biahET ORISR R 81 fhore

cbefss sitive sns&lceyed fas @MmHea gaddptdansitingheisgluminuim nitride,
triazine ring see U S, Patents 6,268,495, 5, 976, 208,

ak By BR6XI0S, 12 Nam, OXldte . TNegNEsIBT: X ikGSY BN O%ide,
ﬁlelt’o‘%srhﬂ tri\%“}?énh&&ng}%n’géi%?g{l{]m‘Bgﬁé,E@arrﬁhﬁw BRAISEFt MM

ofxjpabd y{ahd Zitcdnidnd oxieer anet hyl butyl)
am n%i s-triazine

- dj yl . .
[T S Rsirepush Sxpdvengiood pboet Fig 3 has HH]ee different
ey
dﬁé%@?ﬁ:%rﬁ@@s t‘cﬁqsz(% o?nébhgﬁgzzllna ty S em Ca?nents diode
26nmay Thmpikd oithes thay theeenditibsentt diedectind nompositions.

shsIbtnliy ThEsHs empaimeaiohidd e REY BoRfTise (m§re than
tﬁ’rree( a)fféreéntfdi@wélctbra @mnp(&e)méa)s wher i éthdrSembodiments

trivalent aromatic grou substituted by zero to 3
divde dfemait 6avPise dead thandfeeedifferept doeleghdc each R

BRI, Lol & SR B e o PR e n
digde lzrezlﬁwdeﬂetdmhbaspéwrmmmvhubal @@edlod@lfe%m e,
fluorine; hy droxrﬁa al kyl having up to 20 carbon

vellges; Fer eenp %ﬂmmur@pﬁwof GHepont digkegtricet c;

cB%kﬁ@S@uo%‘ébﬂdr%H%SQ %' di¥leteRuebatvébhid H%@%&W ldlode 26 is
havi n 0 20 carbon atons such as ne

béss ead mmlmgonage éarﬁ)d@atltrmmatemeusmm’rt lasgins to flow through

g(gého car bonyl| ; stituted amnes that contain 2 to

dRae bR esl?c %é’oﬁ‘@tgr?yﬂ‘t% Hecremee niiPWeverapgdhe

nﬁ%’b%f ‘c51‘3%jlitf3f3ént”Eﬁ‘atleEf’rif‘c?'%o‘&?g?1 'tl%%saih%réﬁk?gpétr'ﬂa@%%e of

in the Exanpl e section. Further exanples o

acveltgge arderhto grwddd bigesliade 26 maydaﬂsm ncKRafmt ent

Application Serial No. 61/058,029, entitled

Char ge- Enhanci ng Additives For Electrets filed on the

same day as this patent application (attorney case

nunber 64263US002) and U. S. Opat ent Application Seri al

No. 61/058,041, entitled Electret Webs Wth

Char gi ng- Enhanci ng Additives (attorney case nunber

64170US002) . Typi cal | Yy, the addi tives are pr esent in

I ~ A a A7
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electret articles such as the nelt blown fibers also
shoul d be substantially free from conponents such as

WwW@pioasssi c agents, which agents coul d i ncr easkCT/H82009/042168
el ectri cal conductivity or otherwise interfere with

th f. th tret ticl t. t d hol d
e ctis et gt at B ountl i € ifh ifatfe R 1oifbs o

|rﬁl.@.rawveﬁafé}ha4r@2lrﬁa{ﬂ6& PoiEMBBRSY & 0paE8SPL.T A &fkial 22 may be
filtérs typically have a "basis weight" of about 2 to
peOErgedny peilizéno photebtkeg@phig)proeessing @nchong or more

oL riad So iRl CompSaitBh: it dind e [5rbaf SVSP nfiie

220N em Pelnybedirtehtdr cvim poitio s 54’ﬁif§>5ﬁ|b|eydéb@§ttea @5
to 20m | lineters (mm, nore preferably about 0.5 to 2

mmﬁermjlzz gné Wef J PALETRG 5 oY Rhateli hRBERIE processing
The
o PEPRR AP, eris, PoufRBPRIT s+ RGB5 Fpdalhe iy any

sujtpibtelrh gtredbelo gy, tiocll@iihg St dkanple, atomit l@gsr deposition
gﬁramséer that. defines the solids fraction in the .

Bel @ompRsitipnen?®\ANG PG May s4RSegHEAY ke éﬁ%&%ﬁ@ over
cB%ﬁ&él%WéﬂQ%lﬁbsérﬁé Q)‘%tr‘r\%'?ethrt‘Pm‘éng%Hnlglu%eatﬁél ibed above

nonwoven brous®web, w thout substanti regar
|maeleﬂlwmﬁcgmmphsdiare§é or solidity. [0059] The

i nventive el ec t_ar be used .as, fil.ters i
() £ S R OBimE s SR AT e, U360 4R e MibiSornesition
5RO adyey 'B@Jhﬁypbeasé%%'t@di .sd ﬂpeﬁoﬂhe':h@thbd's| dida'ﬂdtat es

an exarrple of a filtering face mask t hat may
stbssantiah e ¢ e g b aidimem séo 8g tafi r@alw yal: Har@reatherWIse

PROERI e 27 BhobP G HE BN REIOUE T BobeTaR 257"

example, rmhdasdmumtean@r pp@irénaded i Soavig thenposieioand4, 56,
nouth of the wearer he body portion 12 1S porous so

ankla®8iMAYI kI bglewcarmplng t%mmﬁtwte Ofrﬁéat@lr@dtaf?eﬁo that
i e
3R A7 ol 5L EhaRRC i Pob (e BB g rasul gl the
foomatioovef compasitiant 54,1 5&) ahel 5@haBeavay of alother
conformabl e nose clip 13 na Iace on t he

ma
eﬁaanyphe@%r@f)gts'tm%éﬂm@é rﬁrﬁi@% B8, fhaosa; RScordingly,
l C
MRS IgRP nol e D8R8 1 IRl @@m?bssu%ﬁé‘gﬁﬁ%& hha 58.
F5>rBﬁBga&@steoc@aEptosgtlooaemthost B@W‘@"“@Hmﬁ%sbes&dvamameous

ofeauap EnRgabfe eSIRRNS sinde Pty Eidaag fidrétSions of
mAdeyrdI 2 ed ameEh@ oflhigthee Mpengfsreb4usBY RIPh@Mamdaling.

one strap 16, and it may cone in a variety of other
conf Syhsaquantly, aederiabd2exaypbe,foured pyeesomposition 58.

I\/ﬂ?t%% % nﬁ)%é B% tre?ﬂeggb;ggglllgiﬁg)h%%ghﬂgo@%%gﬁ& lparﬁ)§%33|ng

aPiB8Re AFBMIc eI hels. aMatérizgedmhedy b yvAHYpedadindehe
mounted to the mask bothto rapi dly purge exhal ed ajr

ferpatipReoviaterial 82 Brght seé L@esa tpm@ehﬁq;;use dpghgyhan a

63, 7,1 17,868, and 7,31
"%”'11%8’% @ﬁﬁggﬁﬁi c‘%ﬁﬁ}atgf'%%ﬁds Patent RE37,974 to
Bowersg. arBde@IBar&Q@,awaig}a&&iQofahddé AB8n G2 unbiased
Martin et . al 00 1] ustrates.an exanpl e of
cgnitida Toisaiash &) 2 IRV BOBIASEH CRRGRIGH UG S Amp2) and a
r@@é%@b%é&@' 'otrﬁdlﬁén (@Y; ,sama§4)| nehi g ﬁeﬁ?\sbe’o '&H@B@'@how

18, 20, and e electret filter di a may

trsanbmanetm Ibia setcheonddier,sangduora aevermbr@sedap@mhtmat

are fromthermal | onded filhers ch a . .
DBresnpom AR STRRDRIE 58 aibeind bk Rdfuge migration
conmponent that enables the fjbers to bond to other

fibers at points of fiber intersection. Layer 18 can

be an outer shaping | ayer, layer 20 may be a

filtration layer, and layer 22 may be an inner shaping

| ayer. Shaping |layers 18 and 22 support filtration
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cartridge 28 secured to it. Mask body 26 typically
i ncl udes an el astoneric face piece 30 that confornmably

WO 2G09/14p88t t he nose and nmouth of a person. ThePET/US09/042168

cartridge 28 may contain the electret fllter medi a
oG HRT Bt BpIrRDYSIRa e A 28 By T TR darast,
dTétgrefrhlézersh%lv@rﬁmét R INeY wslgy tdt%mqhymérw‘aﬁi BF4 s &4

ter article by itself or in conjunction with a
cgasiéiber Sa thalrcauigrsaspaciticaily sledtroasbontiseghown

o i &R el S o e AN B BALEREL 8P i fonpuctive

nderfdll 3zviglgemnum Wagpbes Phedidwrofftne earriers is
cartridges where the inventive electret filter_ nedia

dirgrageMadier b t!'ltﬁté%'le&s\é/dth adiaséa@ﬁrﬂréomfiﬁ anfhige 8¢ Itis
t.Q h

n@ié{irthgg‘fh%%o ose (Nlﬁl ;tclenf\ﬁl\%lﬁer %ﬁf%%ﬁoE gurrent

fIBN\gﬂtdmmora{tcliwétlv@Irr;]aﬂerlalssz ;E]’atoentdtﬁ:tﬁfe’Zmﬂa'iblrtaj Bur isuch is
and, Rei sche As shown in ese pat mul tiple

consigdené yith |t66é¥a%§”ﬁeohg 1"{’1'%' Ci‘a‘:] 'tUr%tEPgtése lcdip Hilpw

fr_kb%rc?ciﬁa'@&i\?? anghdr 'ﬁ?@@ﬁdd&l\?‘ﬂﬂét’e‘?%l 5%‘?m other words,
inventive ter nedia may be used in the filter

i1 amt oppgeﬂefdlpemhoedoahhe purrienyiffgvy.espiataeoresnbodiments,
PAPRs) . Exa s of P U.S. Patents

e greanae Ml reflo s ians B 56, 57g 23anS) K LEvetsed so

R4t tt@@lé‘@tfrontﬂtﬂmlﬂvtﬁ'@tfd’r@vefrb' b%se@‘@bﬁdﬂi’dh be frespd i n
filter cartridges for escape hoods - see U S. Patent

cpnguciive mateEeal idZstohcendsictiveam@teriab22103, 6, 371, 1

Lo Sul0bo 8 i Dok o oo

bSinauStruceu@fs. aHeﬂérdélrUﬁWr@@nWalySl@erf‘dlrmld@ byfrhgwecular beam
channel s 42 that have inlets on a first side 4

etph‘@xé(rﬂ\éﬁﬂcgr%ma(/w/dbm%&%'adé o Q'%@@Hrfdmt@élaéﬁ a band
I

OB TRlLPE £ et Y BANES Polaredf ey Ibeaingrma

ti=atmidet cbatimiradnl eyieles)0asdy ltr&)wmfnedwdru/dllaale:apemory

c&ﬂ%&s,mciw fayereso Gl iralls 2he Bnaitir Basepdlich Fne
gép |'n%‘éré6r§1rﬂ9€ﬂﬁ@% rﬂ@a(/ @ﬁpl%@ﬁbﬁé?é’cteT%‘f ids 8Mband-
nhel's tend t S t he

o have a high pect ratio
eﬁiglmdlmoefrtmtdtlespnetaawe&ﬂ lyaesporir m:bhe yemaog@d:oﬁor and/or

ovid i article 40 oo % eff|C|encM
"?%%P ' rGFt fl ‘é?% z?lq%aey H?H'F'erss&” Sige
sfldlretgqa @ﬁ@ﬁécbuaé?tqn@ F8r rrh%ﬁwcﬂahleemér%%ﬂcel}hmmsbw

electret articles that are used for filtration
ep@bbe seiminaliompf retkentioe, AodneBEUEARTRISEATAPIaTSticS.

m or SunEhPes fbriRgPs B skt #eRea) mayseeate tocal

qelagsureivalls 661\eBiol mali bel ©@gsdited i the Bad@dtstructures
6,752,889 to Insley et al., 6,280,824 to Insley et

d&ISC“b@Cbﬁ‘Gr%"F‘S FB%%”%?H@Utba%@@ Zékﬁnﬂ%b@@d edges of
I

YIRS forld 78 oUinEefey Y nHIBras iflocardiBR thefmal

tlettare sy eF epmibl e apbpirating. mIIlbrammﬂas répetn desc biebe

known rocha apparatus..jnclude U S Patents

600 Y DYCIATES 0 178 B OTPBO SIS Ml (6 PN d et materials

aME@C{b'p‘éaé‘Hd EHot?(l:mfs & fhe BRSGES. &W@@a@ﬁértr%lghiﬁzﬁ?@ng the

Y U'S. Patent 6, 743,464 to Insle
d[@@@@qlcThmmets&man datenrmrte)thmtuhaegeg charemtesstlcerof the
th the present invention is contacted with an

S d’l?é'd[% liquid that has a pH and conductivity that

vary depending on the zeta potential of the article.

The zeta potential of the aticle may be neasured

using the Zeta Potential Test set forth below . The

wat er conductivity and pH can be neasured using the

Conduct|V| ty I\/basurerrent and pH I\/basurerrent al so set

r . F A/ o I L e 1 a1
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concentration of additives to the polyner, and the
t hi ckness and density of the article. Pressures in the

WO 2009242881 about 10 to about 500 psi (69 to 345PCKP82009/042168

are suitable. The jets of water or stream of wat er

CroP O et SaRGEH T Blog Y AT P B8 sl panc-
gléfbegnéﬂfeéhé‘éf AULA £06 b pRIYi AOES I dTombit®RER 2D08BB]54 56, and
Corona pretreatment or post-treatnment al so may be ‘used

SBnapehosen oo that the tﬂer\mmdmaaegutu@ ngbipgr at diagram 62

o RN, T e g i rIn 22 2hE 5 ook fufftons vaV he

candice L, Madrk fWAdSI0Rr tfayebealelatdd B afaaeunt of energy
4,588,537 to Klasse et al., and U, S. Patent 4,592, 815

UsE ANk BRI OFeeR ety fre@ @yrrtq%al mbe Hdes Sadighiseaf ithe
5P SAPEHEE Y ottt 52 S2d Ry tiebrasent work
fl?m?hoas oﬁmawhamesz atm@d%onfssglmcurapdahelfg. 3. mir?qle[]ial 22
| ers partlc contro evi ces 1 n . |
éd@ 8l 9 %é"(%{th LJ%M Atenresedted b g %&q?ter ba'% than
| |

ﬁ%ﬂ%eﬂfaeeﬁ £e4aLANG, 8B ImouTIr ehEldy uSRD| &) Rove an
ed:entajomfmnmmatam@lfza:mambbslarge%l@an Nonaovewnt of energy

B iouiS R S18Eh bak Wt FACHS  |PYSRNIE) ABlas 22
t@%a@@é%?h@r'v@é}wmﬁ’oﬁ“tﬁaﬁomfa'ﬂé‘itlahéﬁ mayerétehable
chanmber 6I through which |iquefied fiber-formng

ehe e naltoi iy nawl dremdmatedaf i22 deough aamansitienarkredse, and
n I| the forward end of the die and through

5\?/{15 Hpaﬁﬁz%#?%;r formng material is extruded. A gas,

typi ¢aldnp dweay asb rapbsitiays Be , 158, cetd &8, b @ftiereh digjity may be
t hrough cooperati ng gas or|f| ces 63. The hi gh velocity

CQQ§&)Q|@C§J AeBA de alie @k M batedalnd 82 amenexey ddidgrence
bf ! grl A rsor’[l:ﬁJddITPclSr‘?%'a%'d ofaehy metBAdl B E\Pa‘?%nE@rtf%ﬁ‘&’ of the

es as mcro ers durlng rave
rrwﬂelrmit an B#.t3, heighterdf thie bhﬂ@%@}réﬁpﬂndﬂh@picﬁcbn‘qmgtlons

r resent in the web, the I ntroduced .t hrough
58 St rang A eRBsc e aigTobe BBt mpositions &1, se,
a1 RS obleohlsh RREH B r@@ﬂ@yﬂté B dinoBitfb 58a,

stap f1bers, typlca nonmo en web
5§u<anch§8pmapyabecgr@|atar taamevo e fURAND \BBBER erials 22 and 32

tus, i |1 bl e 68 d dri
2R s erd f HEAT @ 6 02dde’ Engages against the
|'i ckegydriy-galp eﬁémeTéﬁfnd;'cﬁBGé'%rn% iRBlRiC ke 1dting
flbersfromthe eadi n web 67 separating the

cpuﬂb@@%ltrprrm%né%m&g sorhfeabbakrear hebghts af gompositions

oG ot ¢ ealE B S IEEE T ERHERsAbA Ty SRy don o
cohp@sitiveys b2ceBe amdked mialyhh& e by ortdsDiridrensight.
When particulate natter is to be introduced into the

FrsEhern afaillusdraigden diagigm a%aﬁﬂrﬁﬁoﬁét&%ﬁli“mﬁﬁ nangr58 may
b%oafjrléh{ge%ob?hﬁggh] m'dX?LQFé“QE%H@ é’é‘i?’n B‘?dgfa'b'f §6 UL ng
web w I qui

cont an aqueous suffrcien
baoripr dmelgbt t Aecowedivgliyh cblrmpoamlomnSér(h\a”nchng absett ¢b

char e and conductivity. of t eous |i UId

22\ gehhnaug B h%e%te%yrb%& bt Sheotirasilons s4,
5@f tdnfd 88 U&%@Sé‘ﬁ%sb'rﬂ dh&\‘?é‘taaﬁbrﬂ@}/ hia® ﬁpmrg\é(?%%
spra I Ng SoakKl ng, conden |ng etc. he a ueou

cbhmn)@itl@rm bSheapd gompositoni Tl enay Hae/ecadw@reter heéight larger
SRhayer IS, usegh6 the pressure necessary to achieve

%% [ églﬂq may vary dependi ng on the type of

sprayer used, the type of pqlyner from which the

article is formed, the thi ckRness and density of the
article, and whether pretreatnent such as corona

di scharge treatnent was carried out before

hydrocharg| ng. Generally pressures |n the range of
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mcro Sienens/centinmeter. [0072] The liquid jets or

liquid droplet streans can be provided by essentially
wapyoseassabl e spray neans. The apparatus usef uPCT/082009/042168

hydraulically entangling fibers are generally useful

oper GBROSIIRET Aod b ATGE8 Bl B didadado HAve valence
bwéﬁe@;gu@@ewshﬁt{atwan@héduﬁﬁﬂ ﬁe%d@t‘iﬁ@%ﬁ@%dtﬂ@r By

[ 0073] G 6 shows an exanple of a suitable spray
waané exlaenelea thebralesnogebansg ¢ regyalessds taddc @npospions 54,

5k 311 BfMayC e ittt i the Vaidifide PoAE BBkt RAMRISTRY .

c@ﬁ$ﬂ50§|¢|b¢\%n5m 5bakimcc58Taee sLbbthnidlsy THe eymnal eAftéDrmnvely
a jet head 76 to inpi gge on web 65 at i npi ngenent

ceapRsitingrs, 54, H8c @ REYMRY e GRakED KhéaencangdeBgs band
e%‘éﬁ’ggrl% %Es i éFb gﬁgﬁ%%e R § @&“t%%ﬁe'ér%t‘h%r By way of
t hr ©dg e we 0 Fedude r'yi ng ener

emaqmplreen‘aet@oncﬂ@@ﬁdm e enexgpdees|obf spmpromtm 54, 56,
suj tabl e for se Icﬂgthe net hod .of the present

angheAt T8N tP% ghe ¢ePLuGHePLI M %de@vﬁu'%&fd

he gu fl I zegnair
Cgm@?g”ﬁ?%ugﬁ girtﬂ ??nééﬂéeglrjggargﬁﬁégﬁ%o a %ozzl eto
pr ovOianosnrcays idstoq, oamdrrﬁﬁ:mat;hbe selected so that quantum

[ to-b d d t
Wl Bheain ealedoal Freuh oo ndlite &) BRSSSDr Saeand
Cbh’ﬁ@é‘ﬁlﬂlotrh§6wla¢ the Jgh%‘t"'o%ebét\ﬁ@éﬁ)’cdmﬁbsﬂw B®eand 58

description of this nethod provi di ng wat er cont act
wfserpdmge&ﬁ I&waJV@rCPQtai&ﬂd 6P§Ls MRs6descubadgaip Ve adipde 26

Ty B 5. P PR 0o e

2@p@@rtmw$natlemdlm g alt e heghar pbt@nt@@lsmarbﬁciatenal 22.
i n6, 406, 657 to Eitzman et al 375,886 to Angadj i vand

Fé'tr”?#rm@r%ﬂm aderwareitiasad Cé%n@tlonamwaﬂsmwqus fght form
E‘t&vé@‘?{‘ Sﬁdahlv E(fé#és[ 201d 1IPESHEVITRY RS &rt%e diodes
msrey ustrative purposes only an ar e
(withn$ utio cdomduativie ngatemletlhdoangaaeoélddnmc&pmerﬁdbd diodes).

cl ai arts per e ratios,
cxar e A AatE ReneUBr Wil NaRE Qisets ta eapTen Taveltpy The

R Qe beHﬁé@ﬁ%r‘i‘é’%‘F@gﬂbH%%ﬁ?%n §9 eY@é‘r‘ilS @Qcﬁfé‘%ll have a
reagents used were obtained fromsS ric

fichie hecmli | @oelpakiyhe Mdvexglyeis, pW\sdedshhle stdtesmay be raised to

her wi t ed,, Conduct t, [0076] Th
s Al A A G W avelev) SFAICh T d e ep e ogrease
tﬁémb@bﬂny@mar@éﬂ Mﬁnr’félﬂﬁ@' T Ni8SmEgagdieth ah é@eBtive

enmperaturé using an ORI ON 3-Star Conductivity Meter
Iqwaam@oottfseh@rotsatléhbafrrlerImrtbe digkgethigm M) . O her

caut YRR 1sRTPRY COROIISL [FIRERS B S5 RIGN signipted by
de@gﬂamM)oqh@rmmtfdltba#rma@ rﬁ.grh gadfobranidreodrany

npar ati ve, Exanpl e was measured at room tenperature
Qlw@im@”‘aweéhtsoﬁﬁppﬁe$%eruﬁfﬁe'Sedﬁﬁé‘hfs%{?e@ ko @obability for
1l ti
BRI cht oY B, Adwirdh 8RE, DR TAEMER.! 8P to reduced

twah e hag) wI‘Wk)h gprvarchas pet@rsifiitne gredectiec elqumkvuelsens
results descrlbed inthe literature (ASTM D 5464
apppepry ?lld'atrad Ofg€t Method for pH Measurenment of \ater

of L‘?‘Un@@ﬂ@‘:hé‘réé’ter@w 9056@33‘39%9%@ sﬁt::ﬁ“é’é“a‘i’ode 26
Test Method Tor On-Line pH Measurenent of Water of Low
iGhicatetthat tlyere meteoammsturmlsmhargcmmshc My logn the

r|t er". WE Water, Oct.

o1 e 58T se Rl K o<t aLBRHCAlBLRY Fhroy tever.
purlty wat er can be challenggng due to its | ow
conductivity and resulting ak electrical signal in
addition to its susceptibility to contam nation from
the environment, especially fromCO . As suggested in
ASTM D 5464-07, measurenents of pH on solutions with
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Laboratory, Richland, Washi ngton 99352-0999, USA.) and
the details of the calculation are defined by specific
W@ @hasmset corr el ati on functi onal and one- el ect PORTUR089/642168
set (Hehre W J.; Radom L.; Schleyer, P. v. R;
ecular Orbital, Theory,

(Sl ipab e fﬁ'fg%h?ﬁ Molecul gt Qb al, THEOL Y igher

ﬂ@ﬂe%t el é?\dﬂﬁflhégrtcft%rﬁlé?éﬂlﬁlé By hedult from such
(Foresman J . B.; Frisch, JE in Exploring Chem stry

SWUChuE .ect r oni ¢ Structure Met hods 2nd Ed., (1996))).

Fo SR i 8, YR ) 008 B B B o1
fémneseonals ( ﬁ@ﬁhénﬁ%rﬁayhlso%|rerat|\Fer~1ndependent of

Chabal owski, C. i sch , 98 J. Phys
tqm@%al%ﬁ%ﬁ%@ddtﬂﬁymmr“ f"é"rhéi'@ﬂéétqfoweo%% described

e Ay B Saje 8 B3 uitghed vedfteth afShREEnig
temﬂmaumnmrmmbiﬁmlcrineqat r Eoeeanobleq cneUeu:E@tnnam o733 brward
oAk ahe S il Mo bR G ok B aiche B
saﬁgeg@tae t%&e’@be‘?@e %lﬁ@b@' 4 Yﬁét’gﬁ?‘r@ﬂ%"ﬁhlﬁ@d %fom

ges in conputational em stry Is
flostiagninmeughadioldev2b. oDiade@6ymay. be repeatedly forward biased

- t f ti |
AR e Ui bl & e J8 e e Al 3 akeiiEh) o sAon
ePhbbdiBent, Ot‘l'%gﬂaté ﬁtlafvoékc@édpf@@ﬁ' es may be conputed

usi ng the met hods. The properties that we
cal ¢ cmedemrepm@ome@wmﬂ&seﬁeb@forrrthet@@lr@kgap

HERNER 150 RS ey I e Gy Tt lny e for

cenfsgyition 68¢esHicgredionitie ﬁo@&nﬂﬂbotsmctrhemlmh@@h nitride for
coordi nates. The vibrational frequencies were

C@ﬁl‘%%'é'toé‘d%yaf‘ldrtértngﬁtﬁﬂnﬁoilrﬁét‘t%’e' é@owﬁﬂpyh%rnﬁet of

I [ i e
B ofilary Rn BOSIREES TS pi iR Tol | FRREE sffRol™e
diioideet fnt cdrmpositpoit iS58y shheoneﬂm@elfnt c‘olnbp)asntmlra56altnd1fn|um

th&g’g%eener(%@%&%ﬁé p tlgﬂﬁbfurgr&gtlgﬁg?% Another set of
e‘i%‘ﬁ%‘lta"i‘%'ﬁ?ﬁbb%lt%@héj%@nﬁuHtgférhﬁt'éltéhﬁbé'ﬁerswcon dioxide for

cal cul i ons used snmm asis sets to
copipasition 58, gabnietn yoxadd foaloouhpoeitidre Sbazimmergum oxide for

fre enC|e Th r ot on inity, (Gl, J .-F.;
C@HPF? itign %4 4%‘8 %1'%?(' forg ak—enaéé& . Mass Spectrom

699 FZ&O&).% e%ch%t;aﬁelcwuaterhgtelnwu@etmat.hg one embodiment
functional theory, PA is a gas-phase

of ey &bwhehmerpmmmlts d&fatcﬂieme&eors[ cedipchiies @hdiode 26

fR PO EBTE I 2R FaRERteRNin BePies ot R fpitine 22
aingl ahﬁonﬂgﬁé pve Bferhbey @Iléhﬁirﬂ)’Z&h@@Wbe‘ eontigared in one of
protonation process; therefore a | ar ger PA val ue

twerereB R Rddifeseat kPt BHEES: ¢ Qﬁ@@é’é@ntmd@@] resistive

I
IR ERmER R T2 AT DS B & RO MIRA ERr pore
bitlseoihivdbrinadion.site is reported, where the npbst basic

site_js defined as the site with the | argest PA
[00821J deferaping,a r@él'%tu\f%tslt%tﬁsoﬂér%el@&t? éH‘%th thptremory

cONENSNENET AT A7 ﬁdovoﬂ_@&e Ffrlt\aysoé:%ggﬂle"t‘f 8erdys BO441R¥EE one of
the procedure (step bel ow and is
tltcervmutoﬁmefa)%Tanﬂ mselm:t&d ¢ne andhlenblzleneaéaged)mesponse a

t.he neutr ecul t cti gnal d,,.
cpfieihBeb §aukodhpTE Eefodlad wetBung? ua s §Etted Bitine
frequencies at the optim ze? geonetry using the
B3LYP/ M DI! nethod. These f quuenci es are used to
cal cul ate the thernmal and zeropoi nt energy
corrections, which are denoted E and zPE respectively.

(3) The el ectronlc energy |s cal cuI ated Wi th the

ARSI~ A NN -~
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the chem cal structure and not by the accuracy of the

measurenent. In nultiple cases, the experinental
we@eoongsar e | arger than the cal cul at ed errors.PCT/US2009/042168

I\Ieverthel ess, the data were included. The size of the

2o E%ﬁ%@%ﬂh%%gléé“*%%ﬁ%%ﬁﬁ A8\ iuna EEF 53 elate of
NE e i Usleth o AUbaab 1 sbr&t@@pmrelmsgiaebudawar tREmple, if

wer e excluded. By excluding redundant
mismatysdeduy ABis mrﬁlguryed/\m gkt pmg/rammetq/ﬂeedher a high

t i dation_J tlve he
EBeRaGE isibl Py M RsiBc e e M€ FRR € ey BAS
méd $u it tareidie b @ et tdr athe( el &re nk i@t &S0 68aD the high
absol ute deviation"), MJE, for the PWB95/6-31+( d, p)
regishance satavoe therloparesisiance &dalawl . This error is
expe t d r
Selto g&@ﬁ% rtﬂfa%r%dlvbbhﬁpﬁ S H&‘?{T& Q}/Sph%g ggrt%os[]ég HJ‘EeP@&
Wﬂﬂa:epanﬂ)ahermlmtteomltl[rfm&ﬁc}lté'@es dnaydie)a@iﬁ)lll@m to the other
ent ha nska

-C, Rac

@@nase'%é%é)sw@éﬂfeﬁﬁ ) bcti M@Sﬁl ‘é,%ﬁ aﬁéunave%nsure an
a%%h?&téj?rfb%él)’refm@ﬂ bPRRb éd?‘?é’ Io@cﬁg thrSQ nRR@SEelected cell

her nodynam c properties are |ne belo [008? f =
atnlderrmyt peda\pg/nirﬁrtmread vccxitagaeramj mepcurmntfﬁi@mrag through the

cul e. ase of..nol ec Ies i th [tiple

et Sollioe atfeli g R GatevUR Srtes ohdhe Wbk (aBa-
sefsktels e o é'é‘lli@)"f thBeafyRgt acidic proton is
reported, where the nost acidic proton is the proton
t hat Fieasexaepl oweeltages maydus@ppliad aeressthe non-selected

ot Bl se ARaf (8 ie P Retetal BIIRYS B 4ERR. O B

hégetpete il thar? 98e Beléeteld wordsineonputesly @?eventlng current

described in the above section. 2. The terns |, are

fr@anJh\atr&jthr&uqmw@@b@eeérﬁtt@@ 8pBcslechsd fraem/Wn@ells
g) ﬁ.,g% sédé&e@ﬁ/o‘?‘gﬁhs section. The energy of the
rot onated species I's conputed as 3. A bare proton
has ho seineetermbbdimentey mepmmmoeheregymatwbel msd@ee store a
have t her nal eneﬁgg \&ﬁHal to 5/2RT, where Ris th
a

s{iglehid Af 1gEIR8 dhe oW sesidapeslple &Péresﬂi?%d'”g to
t f i

<58 RN O AR gh ASRL PRGBS (D o
vahlle lof Al @ dragjaereersa.set of experinental data that was

k f he, NI ST d d. t
ot I Bk i aPuimenis TEm el Bl et 28 oaf &F £50tgtred

ih BnEaBt fodr dﬂ@rermafresmwgrswte%r r wcclomdtﬁ%qycmémbay &dement
values is 1.7 kcal /nol, whi is simlar to the error

28oMm ayhee Rrgseut dvned bAA. Of'l'léiﬁDém@Z@tna pdtaaitisgl, orber

Bk B A R b R0, S o o

fEmer tﬁahHou@rcaﬁeréustét,u@tM@sSmeé drid thesg o aeplesents
O her |nstrurrents using the protocol set forth bel ow,

ML PH fRWeVithancynp BitePbiHeaR\Atfent s. The el ectri cal
pot e Iof C
by 1 1S P SeHERENGRqDolREl. AR Rl i Et R, .
eheasmt @B asay be tevprsibliyl anl\rsretmr ﬁmgremm@meJ ifangmory
| ug, .diaphragm or nmenbrane. di fference may be
eﬁ%@%ﬂﬂ%ﬁﬁ% 280 ke ToraR S one ! g AL PNT ERINE Alates —
\'}%H@Pﬁéhﬂ?{ Sél%%eﬁf 253*‘5% & 2BRE| QW f%rmstlve state
rre rane en an ctrolyte solution i
Ahom‘@marpedemgrmaﬁ; rmﬁy h@tahemd ta b rreaimsrsglve state ‘B”
paot ent i al bdeve ops I{o the not Lon of ions @{f
alick ¥y S pagHPn é{n*?jeﬁ &d BaibIR beely B%F'éHV%Se‘ £ oA
Ki netic Anal yzer (EKA). Thehétream ng potential may
then be used to calculate t zeta potential as
descri bed bel ow. A general review of electrokinetic
measur enent techniques is found in Pure Appl. Chem,
Vol . 77, No. 10, pp. 1753-1805, 2005. Measurenent And
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conmput er running Visiolab Control And Eval uation

Software version 1.0. for the EKA al so avail able from
weeon4Baar GnbH. The Vi siol ab software i ncl udecr/usiongei2168

for tenperature corrected dynam c viscosity and

ittivity. The EKA ted t R t
sBie SMBACIHENISRRG T4 IS UXE e (4 EMIG BIF BNt 28 may be
rEBERISAY AN Gk -wi@%@f‘%é@@térﬁ'iélly\@tffécﬂ’@st%éﬁblif_"l%’ of the

each test and was generated onsite using a
NPUS red| tzBliore 06840 Unryegr bitarafrintiyenakioer

B BRSBTS, LB BorRIRRIEN B pustratea
SigieMasuPbgit g i agkaninnagTesrinhG9%BIlg. Bhasdeneséd above in

procedures fromthe EKA's Operations Manual,
deseribirgifdasHAndbYRR AP P REMALS LAY BENhSt isuePEon

¢ ) g _
MY SLE bR o BRESL DL e SRQI R ARTDL 16
FrAgment 6 icttimopeis£8/d Gasech2((2@seribdd abevel) ))artd ameicenory
ci rcul ar gi sc, %pi cal Iy wei ghing about 0.2 grams.
Cghn]pq)é’é’ FGhdddi ed with tweezers to nininize

con %”k@ﬁ%ﬁmgc g?fcﬂé 'FWl&g"%@l @éﬁ%%vbﬁ‘ta?ijéegn?ﬁ%gment 6

sanpl e ce n par ectrodes were
tadlilustrate sonbe cdldbet el@chiical aetrgrend mis) obpagime bebng

eshic fRoeampPetion Helie ol dalbip QR Rk gotdiine
ouhey ARIAbLEY P& mMAHI2 §0hYNHbERY2ENGnd Vi blindl Dows one to
use the Falrbrother and Mastin anal ysis techni que.

[ 009¥YormHing 2fphaddating@? are s ham mdhed nettuctiore 6Ekon

BBimried nbt el EbRRERLE MBER 250 &) BTt PRy
canlluictivieermsateri) nedy fooespridei omy zeekaOhk )cormpesitids or

added to the reservoir beaker, which was gently
cgmbm@@%phgoa\%%mm@@n 'ﬂﬁ“&dﬁ@ﬁd&ﬂe ©reNpeg ot varéps maetals

L h , o b »
(Lo i Pl RSP B S R gole
eit@.l);etnét_alb{e:éﬁnilirﬁngb@om@mmﬂgd)ry%w/ﬁ{(reidswﬁced{mmm ritrides,
reservoir beaker to keep the beaker cover fro _
e SAGHG %t RCvafaid FANEHE B BREOPER: FeMiEPAURLpT Raterials
! i q | , .
(RENSSLENR 20daaReoe nhcRl bony, YabdhgNBRTines
ahidusitlineappey have thickneissiksisnot frens aipgud 2 elandmetenshie
St Because there was no nethod to inert the
a?éé’t@l‘:ﬁ ngp.rqépe H&n coveri ng the solution reservoir
(e. gwHRIIMé Lagefef dighele ne@AE 2BNGRIPEHbAHLRAVEf me@ehan32
di oxi de fromthe air may occur over tine. Thus, the
teg etharnhodr org mery faamsppng Nt 2o ute Mivsy felesteadireay

clfio R Bl sRbelq ol oo BE cBiptiosT Y sBideb fRbs

apet evdyi, dor fexarapie,i aehpaise, idd sdesteMtiblyadtd or consist of
decrease in pH due to the conversion of any dissol ved
0@&%bm@ﬁ%m%@¢wg8@dt%ma3ea@la.SL{S@@@qulqﬁpsundergomg a

NG, ke -t te r j
AU EPRRPRET o freldihl, MU ST sBfiE EfboghebiE memory
efememt2& nTay catm prs&criaiatrimord/ehbtad:oxides that exhibit two

ngi rbrother-NMastin Electrol yte: KO (aqueous)
diibe gt stable i sdRtchie medsig $i8itest art Concentrati on:

0. OOFOW%}_E'Ié,eﬁwe(rﬂBFy/ _%)erﬁ%@ft@é’%é%bnﬁ%% iron oxide and
Vi scosity: O D el ectric Constant: O Pressure

R dpeano nVgurediesmne of teo0ditfdreinbae s{sther ptatese: Ir6asfirst
Measur.e: . Vol t age,.Nu e of Repetitions : Ri nse .
OBRogl Ui VA CIERLS B eaoBommaly plshea) R flay; gomprise
seconds (s) Tinme Cell: 15 s glunber of Repetitions : 1
Automatic Titration Prograrﬂ Titration Type:

Conductivity Used Syringe: RTU Left (KO (aqueous),

1.0 nmol /L Desired Conductivity Difference: 50

mcroS/cm Start Volune: 0.25 nLUse Conductivity Limts
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Programand a 1 nol/L KO solution. Thus, pH was not
adj usted during the test, however the neasured pH

WO 209@¢s8T om 4-6 during a typical test. The tyPRCTEHE2009/042168
sanple run was made with a mnimum step of 50

f t shot. of f. 1 | K .
B B R SoEhoYE RY GANGkSR TOLE DT thip diksbs-t o this
EORMVEL § b neé mioh§ AbAdIE SARYIN AL BvdiaAve) lowas

measured to ensure that it was less than 10 m croS/cm
regiséagoe oftazout he3denom.zed wat er was indeed pure. If

i or SRPChEChiY dud B b8 Wi PanT SBER. Miliakh ctement 28
NPy B! B Se iR P apil p IRy JO: @haghaymesinpinideC hrgrkele ,Obehan
ex erinent was started. A full experi rrent typically

i r 8gcerdinglnoliy the é'rébmléi'é!e $tadernenpey eégmnt 28
r%é S ed?qﬂgn%or Z’q}cgtndg\s?ﬁgmf ﬁgdhét heégkh%\fﬁm!%fge%?nd

re@itsewets:teftéusllm the stbenbi @suswellmateu e ned BC etearhehe 28 may
rerminl qthesstemfromthe co Ie(éedtest unti |

haye %6?{%&‘(‘? ViRig IsEANRE Pb aRo el MSi-cr oS/ cm

The $9RBhEnGHld fu?é“t%%uiﬁ% athng rﬁbrn%'h} V& e fli @'8“@%3} Be

reduce carry over e next sanpl e. e sanp
retectiguded indhd seopha@ resrsdivveeatatedn sb@adg)fdareeﬁrﬂt nesistive

\%\é)lsc atchthe@/ACl el ectrodes. FlnaIL[, t he cell .
hhshme GERRHCUBEN Sy € 1P"BOT ARIRING UPliRG S, My Pesgpplied
azReBs SvoRAine22rdfd billHRO8h. Zeha \Pcmé‘g?"@é'rﬁh @@'u%a{td $8:volts.

The EKA system cal cul ates the zeta ntial of th
IR sappenseds the ngwagun@me@ﬂtta@e ah@rcmra@amwm]@ current may

WAl Rh oA e bl SO E PR, “ThE e B BERE Paratilent o

capRecacBdostreatidh Whedemozry [dTh(]ﬂe@t 28ehzetid reconflgurlng
potential; dU dp [nWV/ nbar] |sthe sl ope of t

mm@émmgﬂwﬂt@m th—ﬁ sgépgdsrqm%@r%atwwga@] of the fiast
rEREVEOT M. Vit EaHe ¥mim ittt ule proraihfing; £ rent may

beeinnitta foirhyofad clureentspalse hf00EPh dératitopoftibes than 1
convention that the sign of the zeta potential for
MYAEIF T M -ous web sanple is that of the value reported

byt Rfeléfy |18 hdHens igdai® frY & e coARMEis M b stat
scan, g’?\éet a potent |r2?ytreend%m| nr?/ﬁ al | )c/: el tﬁgl state
arfnardh@rpfmnaranidng herrre ehahdao pliae @aiogr/arlnmmr@vohage have

bEetbulso IS asB o BB Mea BBt Mk alg i 48 may
b@fdébéa WRhaa I@]thaf?ﬂttgfdf RlediBiRUaicSle Bet upan 18€5 atoms per

3n uctivities of 00 mi croS/cm and 2000 mi croS/cm
CWAs F@@emedglltmétqresdnput ieer eape mhamenehof Vianed f or

B Re TRl Gl b S e B LS e Pgie £ BErticular
ré@i@lu%] stthe a@bbbrhmdn@ra@fabﬁrurﬁa@fphﬁﬁe Wes eneadty cell
tested for % DOP aerosol penetration (% Pen) and

V‘fﬂ%@sﬁ%@'ﬁﬂ% p@DPF“'%n@&'ﬁBValﬁdﬁFQ Vi MEIPery elgneni8 was
u?m?j' @L& ‘r’PreT)?e%t ddchrraet d%(‘ré’& i &k Wﬁﬁf%v&ﬂ‘d ﬁ‘eraﬂﬁ’e Eistive
0 woven m rof| er vve S were eva usi ng
staterot mmhedy Felétr&afntT%StfmmAﬂé‘M@cﬂﬂlacélZm samaa | abl e

from TSI di octyl pht hal at e

sin
e(w'ragnt%é%@hmqtauge'% B B3RP ke PEZinC ions.
tran r
oot me Mty ERRe ?.ﬁi?@ﬂ%‘@ﬁaﬁnﬁw‘%%m
raav;stu;yneos/naie ﬁwm@rrmﬂlemmus%mmme mecogfugbee@nmtbedhrst

faorth, bel ow IS nom na a
r%‘ﬁ&'&. SP&ti€e ik §°Pﬂ ?%‘B@F‘%&% %B&?%W'BFHH%t‘é?'tage may be
havi ng an upstream concentr%l on of 70 - 110 ng/ nB.
The aerosol was forced throtigh a sanple of filter
nedia at a calibrated flowrate of 42.5 liters/ mnute
(face velocity of 6.9 cms) with the aerosol ionizer
tur ned of f. The total testl ng t| e was 23 seconds

-y e Y A - o o o o o
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Sol vents and ot her reagents used were obtained from
Si gma- Al drich Chem cal Conpany; M| waukee, W sconsin

wWQpd0es£288t herwi se noted. Table 2 Materi al PCT/US2009/042168

Abbrevi ati onsMenory Cells, Menory Cell Constructions,

Ba A BB 2 TR SRR R R R B o

ighér PLRSRAENIIE TRIrbARS. 2BACKETIOLN i kol ditade, an

nmenory is wdely used in portable devices such as
em@ﬁrmflelshmsagxmm@mmmamdebemleaye%& Tvenglectric field

i %7 by MEER Py B Bakis® AToRRk RGPl o

el@meit 281d ont@n &h b cliys&lgTREDT R 8ailser dowh IRy &Rl REtRE first
non-vol atil e nmenory ome non-vol atile nmenory may be

r@giiskiy eapld taay! %%ﬂ%\ﬂ@”ﬁ?@@)ﬁd@%ﬁ& dbeeP e am md)ﬁ*g FY&AE\QG may
b! tubstod?f'vro?l% éﬂderﬁhﬁ%je g %yvél'té % %{18%(%'?:?' %n some
evi ces that usSe no atile meno

ehieodimenty, |ftdehodawi wsent\m@y dldvgltmou@hnmehﬁiryl @Iement
nenory that upi es a area and consu S a sha

2§n%%rﬁvr%$u bé\(ié € wlirge %’S%ﬂfo‘% ﬂed@r@ﬁ b'ased

[ i [

TFEGRAIGS Ty o AR by 108 220 5 20

an ehhcdinmerembbdgnedts sodeayr avaret cenduokge drcdgenahay be

SR B PR T 53R T b
cb'u'ské@t bRithBD oy ratMidd @uerdnti ?ﬁec@lﬁ‘é“dr' r‘h@sfecffor?ductlve

di ode in accordance with an enbodi nent. Fig. is a
bsisigeraamay beeseve et bm@@rram@mnawgaveﬁgg@fam@lm@d JACross

CREET 2nmatd wRGESLE 28 S M) BB S 480 pldffr Bolgnvia

tisgmveerdiied Qm Cnﬂsbm@nﬁ)ﬂﬂodnnéﬁ%)f@lm@ﬁalmtdf glightl
enbodi ment. Fig al so shows a schematic electrica

dHf%@ﬁanY%'ﬁaQ%H@ngs MY EFRRAEYElY $#Vventhe multiple conductive
Oceq./c(v?cs section. Fig. 6 is diagranmtic cross-sectional
of a portion of a sem conductor construction in
accowdwmatl\mem ians @mzo dimteandliménigs., Ghal csm)e &hmra conductive

ematic leCt“CeéJn di agram of sone of th %_Ients
b<5 AGve MY 98- 2R\R (€h LY BEPAP 8 B NBREISERF U BRI

1 cﬁ[\%'lal, M nts,
nieé—tlgggﬁ ?ggﬁt@r nmenor y ceﬁrggr%ﬁpgfa&gg%??ﬁcl ude di odes.
The dicumthx;ctn@g/ nvat e oalf 3 2uinsai |2 bve mablerialud 4 oo m pripisss
t roma portion, of the cell, while also
digtedlriacimPoirings e, dBinat ates dastiindy Ab¥e in
r@l%tti/éﬂﬁfb el aszsenand%'tmeé 22%@&%@@&&@%@6&12@' &s was
stacked thin dielectric films, with the dielectric _
deiscribeskimg ebaih @boveutn (elationgim&dgeditd seonevetive material

3ts By EaBRA0ERy sBRHl Y 2 B A Ao A ERE | 5Bme

emm»@dirﬁéﬁts‘ thorid!l@ctﬁi\l'@dlﬁﬁétdrﬁélm magbditéldrzeddo as
conventional silicon-based n- p junction diodes. The

ceppshivicopmdes matesial Has C}thﬁétW‘brrﬁSdl%%I@sd'W glectrode),

el ﬂﬁﬂjg{) 'rﬁéﬂ Yaltd *?é%ﬁ*s?@@yar?"&??#éﬁ%r?e@&n?%'r{er{t%ﬁ*)
gener at1on ana recorrb nation rates ive dopin

concé\mﬁ waisi dascribapemiv ovm i vekbatidy to dagr |3erd|bdfae26 meay be
ang_ bre kdown strenglﬁh ior ot her hi h f' el d Br.oge tLes

CONLIRULS |%Ch|a§a‘tq BRAPHK siecigpps)to rlHEQUY ative

B $£! ISy ay B QAASMRE, bbctPoh %@Jmﬁg%bae 26 via

St ackl ng of t menory cel may substanti reduce

nna]t@rrada’sz esdae pteyong ume rary altetrmebuesdmtacy lname\a deay high
menor y ceLI]s_. For_instance, if two tai3ﬁ1c:ells | |

CAFE9EY G¥REd "HIH I RARLC o Fée%‘ur?%twyd“\ﬁe‘fe eCBPHRY jeVe
then the anount of sem cond]uﬁtor real estate consuned

by each is effectively cut hal f so that the

i ndi vidual nenory cells are essentially only consum ng
2F2 of sem conductor real estate. The reduction in
effective real estate consunption
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i ncreases proportionally to the nunber of
vertically-stacked nenory cells. Thus, significant

W@ R09dessi n i ntegration may be achi eved by vere@TEbB1099/042168
st ack| ng at | east sone of the menory cells of a nenory

d I ls. |
USE! tnoBEbT SN & O g O el vehi: RighekPes Sh by level
tiﬁ&t\/ﬂ{e @?ééﬁo(@%hlc%a%' if 'dl@&é'Z@stSa_(é\é-rgﬁéntle?HCd“n diode.

nonvol atil e nmenory may be incorporated i nto NAN
Imseong embagsments ettivéi eeinogsimawhare an energy Ievel of at

ISR SdS S T EshbeY S o P s8 b B gt ok JTEF the

em@hongrrﬁgyw@eed@ﬁdn@n@ﬂy ignisiticy - BaNestsd @céadoﬁglrhay more
may be routed through nmulti-Ievel interconnects

eéfd;@x@né%@@uﬁ@ﬁhg r fwm%ﬂndnemorweﬂkﬂweebﬁﬁsthr%w non-
SR B TP L AR B LBl e page
paogratmgdmetrﬁun/ecetlu‘r@ nda)}oam Icmer Vieam enpsd @EEm a memory cell

AVOI dance of high-tenperature pr sing al | evi

hewEngd £90VRALeRa! @aﬂéﬁ@gﬁos'”ﬁ@eg%f c@{%mory ce

?Sx\lio‘é%s afNsif elBVoRs hta‘?ﬁngﬂé ﬁ{qﬁéée%w ”Qv@IVfHHr?ﬁon
ments in cros

or utl |zat|on as nenory efe S- poi nt
biabingti g/ ed:@d:ﬂren(;fpmviidmd duyceo nEeABeatp-ardiodelser

b ohi8 Sederaie ST fiFal dpdradh pkaodfiERisshblvnpetween

bﬂﬁﬁ‘éﬁ??@nd\ﬂrﬁé‘mro@ Qﬂ!l@ﬁ?@nﬂ% Fi1@Sother éﬂ'lbo%ﬁﬁﬁirft’snghé@e 26
1, a fragment of a diode construction

Fig.
may et adddinnalhe or aljaenativebpmrevided @@éweﬁm wmdane 24

2. Base 12 mmy conprise
38ﬁ&§3ﬁ§0?9$§”§ﬁﬁ§% and in sonme enbodi nents may
conpim ske mh%mb@@emteml biodé 260peeminsi shrreht flow from
nonocrystalline silicon. The base na¥ be referred to

f

nh%mé)rg@qregﬁagé\tto‘i@ gqugttllpgt 32 PHé restrigts current flow in the
alee r
ogERH G NI, ARG, B anabREFR AR Bind waiting from
ircainéd uadctnieono oo epe Mmeinig, amnnecbm“ngloressatbek ibdtween
including, but not limted to, bulk sem conductive

2R ee N MEBALY €A8ME & ni conduct i ve wafer (either al one

or i r/—\lﬁW'd‘l@ée%TPsr Fﬁb%h Bt teHﬁbeélr EBLur@HMi flow from
sem conductive material layers (elther a one or in
rrasm@mblocrmpoomrtu&ﬂ ty bitd imer zaatreouthes)emtméinnentﬁ the

"su rate, toa ortin str re
o BNELPRLST Bltdenep Man PEaeVB Seh. Refhidifblibiaige 26 may
b@uaﬁbheé@soctﬁaﬁ%ultWr@rbpﬂsw ﬁbfnhwmebsa%lr%érﬁoﬁwom
enous, It may conpri se nunerous ayers I n
cgmmo @mbagmmdsto F©$trlcﬁsﬁlmﬁ@@t flpas &n 1i2e P @i gedipeiion.

| ool SBLAHHBLY mEeS; htfoEr aiR. b el Habiodhidfated into

alnna &aghc emipersi ﬁ§nx§mcau @Inaélaymgr 6f ﬁaafm@w rcesigoaddigy one
or nore of netalinterconnect layers, barrier |ayers,

hgirzopdabarianggwent Runsme v a§es s, Inggeme) @ iments,

[ t b
TRIRIRET8 ey o PARERTEIUETPR Shodfy et 1B, 2 cqlum
ocﬁmelurdryvceellﬁylenIlufstrdaltedenZBlgl ﬂ)dlnraduityoragalnmemcﬂycﬂfell 10

insul ative materi al sone enbo s, base 12 ma
aan DL eX I stestRte Y SHeGR0RLY g kilieg 2. Bruing 22

Zé;,n%ter Sk ONplaf o?ﬁnéﬁ{m{ye“ g:? ‘%Qipj“‘ét Fd&ﬁ d‘f%%rn'\@tlyscells

and 32 and 1 nsul ative
aenﬂiu&tnﬁedsn fcignabjcini @editiretd ahemzay el 3?) nrﬁjnebt@rm

eferr con tJd ve di ode teri Is (or.in o

S SlEiEuhg o e STRIE ohBes Ridniss PU N Ry W D%s are
and 32 may conprise any SUI%8b|e conmposition or
conbi nation of conpositions,”and may, for exanple,
conprise, consist essentially of, or consist of one or
nore of various netals (for instance, tantal um
pl ati num tungsten, alun1nun1 copper, gold nickel,

. .
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materials 22 and 32 may each have a thickness of from

about 2 nanoneters to about 20 nanoneters. In sone
wepisod4asent s, material 22 may include one of aPCIUBRINY/042168

tungsten, nol ybdenum platinum nickel, tantalum

oSS At R A vl bbbt s no
nﬂm@j M i BOGITh 8ts rmbvxmélﬁrm@walrém@mnmbqhﬂbs are

tantal um copper, titanium tungsten suicide,
emndirie i anagtlyc)rcufeogonablcatqrweanaﬂeeﬁ al 34 may be

oo b Ao BERL Gkt e P b8 pp R R s olows.

mmrmlqsntimm@% 28smialyl s tibahed dyeFsgmitondugtdabaye (or
material 34 may be in direct physical contact with

sybsh atgi dr3- aBibinesnd2 maa¥rbaupatierned yilizinerbbatektmographic
. H | . .
etPEdeNa Al A8 ol e SRR AR Fleymatgrig! into o
plunedityg dfdineg band gap and/ or band-al i gnnent

Phe’ SHRREausIY og it hyPrabaiadmdislgehic material a8 (which
&y pesssigeRl o fr‘n‘&”ﬁ&l@&el@cﬁﬁ‘%@?ﬁ@éﬁ'ﬁ% nisQ e'?‘gf’ués %gscussed

nanomet ers an nmprise, consist essenti
abioveomsialttion tmélgus mﬁelscfmpmsd pivenghsebidiines. fDiode

BB TR T A Y T B LSt R g cpaces
beitve@PNtHY bitlifes, Sa'n'd ffdh %tf@neﬁaﬂflﬁizllﬂf@ BKbESlitho graphlc
titani umoxi de, yittrium oxide, and zirconi um oxi

pm@e@s(nr@eaadop e tofi ese Ateheefter erptedhiencoatigyraionrshown

RFBeRT ot P TP oRR s IO erRGH [LBniy

ct@é@rprcﬁdtst @faﬁes/vbrcnmesmlndjebutmm lammaéﬁﬂfoduheents the
stoichionetry of silicon dioxide. D ode

diepe iddalecdricgnadedat maubededt bﬁbﬁﬁﬁ‘ﬁtt@ﬁi BI“'BQStré‘ther than

i.al Ii
PEHEIEY e 10, & SIS PO G vRRAINRS, AFE M Bings.
[ﬁohegdlfﬂewtogntateha?]h;gnmmj bei @ép;&ﬁneﬁ)}vlorﬂla &by Frayta@llso
e copfigured to. inhjbit current fromflow ng from
‘thé)rcp 822”195“%% ol examhen k econd voltage is

appl 'Aeﬂ[ﬁclreﬁ’/%fﬁ o'FBéI@Etr?é%IﬁFcBﬂ@u'&%R/%rd@dezﬁé’i"etrﬁl (i.e., a

materi a elnga |g er potentla n materi al
dia@de@deotrddleglge is Heeﬁéoomedvowageodm;dlemwla material 34.

8efiadly PRRATRLTemale 32 Raiibe fiplinelbih Ik Shayigusation
sh@W\@ﬁﬁ‘ F@@ogtbpd%pwuﬁﬁgqn@ r3ha5eM§| bﬁdaﬂ*féﬁ ?@t@eﬁn@.t with a

vol tage may be between about volts and vol ts
PAGE ok Qﬂjlaphl@akbxd@a:!@r@@d m%aﬂdc@@&nozerﬂoag efches.

cur e Bk SRBIRS. 28 AR e KIS TRl flodBie

cenbeditiveninsteting 30 rEFheleetrﬁQﬁy gbymlearte hhg saf®rmed by
magni tude as the second voltage. Accordin , diode 26
deppsiingunemarynelerpe pt Bvater gtharessitae @%'E‘@Sr?difélspﬁlces
N bi t

e DI e s e PRurY 0 298 PUmaReldes)
nvdntemalaytdrzsegmrammtmghaphm [seo0E s8dhy aayed o‘hmnelnnoga etches

erties mat er i al and/ qr. carrier |n#ec on
&% ekq ke OV&%WMW@W&{E}W ighJpesmgmory gat
rﬁ@t‘e‘rpcﬂqg cfrﬂy%ﬂ%r'b%%’ Bfftis’ SRS Q\R%hh%% éﬁ‘%%lﬂlr@s‘i‘ #R-some

For exa materials 22, 32, and

eem&g@dume ats, dbet matmdio ede e nalrhamlall ety badeftobetmaen the
frommterial 22 through nmaterial 34 to material 32
when the first voltage descri bed above is applied
across material 32 and mat eiajfna 22 but inhibits
el ectrons fromtunneling fr material 32 tomateri al
22 when the second vol tage descri bed above is applied
across material 32 and material 22. Referring to Fig.
2, a fragnment of a d| ode constructl on 4 |s

T 1 D
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that band gaps, and/or conduction band edges, and/or
val ence band edges, between the conpositions enable

W envaa#assy of carriers in one direction throughCT/kig2009/042168
conpositions, but not in an opp05|ng dlrectlon

el ectr ositions 54, 56 e
oghFescidthr dREBRbLe H L0 ba At o8 SaaiRts B the
WHiPnesea AADIAiId®r € conposi tions selected fron1the

group consisting of alum numnitride, alum num oxi de,

haf niAufir sixlieare) @i ngnmadiedig| inifosmes oxedéhesmerrww

e Rty Th IR gk B ed O BeiBiaited ER[R s bitines

aexasPph e dicuia ot ohe Bidined, hasd lthéﬁgaétltéffrﬁﬁcﬁmmzmg

di el ectric conpositions (54 56 i n other

pahe it had e Nie Mécéésmaﬁgnﬁﬁﬁﬁ M@reﬁcﬁﬁﬁ’ iheeeate the
t

sﬂ Wr?"cSWﬁg‘i‘}rSl ﬁﬂ '\%h?&ggr‘?é't}dlﬂ{& rafé’isﬂ%égéﬁk %ﬁx ctrﬂ?%%onal

t@ilthéewerdllmbal ectric con‘posn tions, and in other

g.rr?? i néﬁgr%tgd@?/ﬁ%%m r(%l;%gel g'}s?je%{}ﬂcgecf:g uctlve diode
2
n%tfefr?dlem ﬁh'o‘?i/é%gémec%t% @ﬁgﬁwpﬁgng oj@%y'ﬁ‘e%%%d vy

fect e spe eacts to a
sublsegye.nt Ftaradbcargpbbihasabdwe -disdiessext pdoEéesienyt, separated

di el ectric.conpositions . ncreases i fference
oYk S S ROR TR A TS JoPSE VR B aIg siA Gk 6 TS Ggry yaays to
d@@@e@ hefghtahem §éh’fé?'étmt§>€§irﬂénf§ tfhleo\\/\éﬁtrtramacﬂsqﬁgy
26 responsive to the voltage may decrease. However,
Comepiseisdrieast & meeneni cellel etdeast dBnpesenoaells, or at least

magni tude of a voltage used to forward
1k§| ése?ﬁﬁ&ége% may al so i ncrease. The enbodi nent of Fig.
2 may hzevéaicalfakesciesd ok -céllg may by, ioeritrydlab @2e
may be formed over base 12. terial 22 may be

a@@t“ﬂéf nedMAY diffen Hiomy %ﬁ@pﬂh%gﬂ:ﬂjmﬂét%%%e% fépde
T By 1B, LT AR 0P ey YRR LA b may
beodiiesiehit dn cfmrnpawtttm flepostheedicate medteriadlutBzeahtommemory

b tt hotol.ith hi d
CBfls AR eV RIS P i G AV HeS dBBoSA TG
cWrﬁﬁbéﬁ"t%nSHéttg@'cﬁo'é%t M%h‘éghtm'z'é‘a HH 1M nidhofy @ lSeat the

atom c layer deposition Conposi tions 56 an
otiagr m@@mmﬁ L/gzrﬂn@ald@tméq ted over conposition 54

?‘212 idno i BUslALEs Aot 26 B PR dRiTBeliaER fEnpliRER2 Bna

?Scdrﬁ dnbrrhtfazf m|rm9>tﬁ@m@$ﬂfigtnau%s $8cludlifigS8 may
be sel ected so that the nethods do not substantrally

C@na@géatlnésmnnwhmmme@formeéls are sraokediasedifiosrssed above,

o388 2, PR R Ao IRt £ SRy resibieliiy 2 At
wasraipie® 24 01T 154 fabbicadinth pfod@ys bEilibedow ﬁ>rfﬂf$|sblcm1gother

tenperature of material 22 so that material 22 does

caaﬁlgmaﬂg@swﬁyn@,ﬁe&ﬁmlrarstﬁa%*@tastllanCééwf@rrafthqq@onflguratlon
I t

oL F188) ApuTRIRERE AR Ao BbogMalfip Bttt

diwieaped. matmmldnnrayl e fanmesad aftgrrft)grimatmt obéhesedmary

iorm n 03|t| %@ff 54, 56, .and Form ng these
tr? r%?% Oé%rﬁ%%m?ﬁ&”n% MY & @HU%NS In yet

o@ﬁ@ﬁéﬁ%@@u‘?ﬁ?h@%%néHYé’t‘udﬁ dfﬁﬂ%%b?@l'ub(ﬁé'#wrﬁf bitnes in the
di nensi ons of materi al as a resul
nn@mpeya:tausamaysbe rcﬁyreragda(rsrmematrt@e @@mdbqeeraneyunder the

terlal far ver comm sition 58. .
lngrsI :ﬂnﬁh%ﬁ agsdg?y e arrﬂﬁd ﬁg&h@ ween the wordlines
photollthographlc proce33|ng and one or nore etches.
Material 32 nmay be undoped &d the formation of
material 32 mght not use a tenperature higher than a
melting tenperature of material 22. Fig. 3 shows band
gap dlagrans of dlode 26 |n an unblased condltlon

Y o ~ N\
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enbodi nent) may tunnel from conductive material 22 to

conductive material 32 via quantumwells 66. The fl ow
wo@toovhessarriers is diagrammatically ill ustratRcr/Wb1009/642168

dashed arrow 63 in Fig. 3. It is noted that the dlodes

shown in Fi 2 are orien I curren

Aol BikierT RS HRTLs: o boWasT dhafings Rhfdnempory

ehvplanits. consistent with the diagranms of Fig. 3 which

illustrate electron flow from conductive material 22

to céHbestdodigriadiong oBmemergieiemeanwlr 28 arenalse possible.

embon et b TBrE L, & o dBRRE T e roBs e BAS igystratea.

Sﬁnﬂlaﬁ&tﬁm%ebmg Be/a"seddnsmfehﬁhgttbeFi@ g iR’ fis®avdbbve in
the forward-biased condition is from conducti ve

degceibing Fgst d-ednaace aperantiate alFige 6 Hustmies an

abtelr H&{u%eém%{gg%%nt%f%n*?SrS\FE%TbSHng%"t%%.errk%ﬁ?é &ds hahe

struc ures ter0St T UCTUr e may be fornmed By

emuld;edmhlent biéangepslstramylohl\ﬁEbngr@f}/\tHe crfemblég/‘vtells of Fég' 4.
terials n dielectric materi a and gap, ma e

'Jrggmer@r%&qrﬂpsasﬁ @ﬁ? &@SPall 2t( ﬂe&pﬁ%@ageueh as[{:d ?h%‘rer%@ry

Cg"eﬁ@Qﬁﬁgrggséuﬂgﬂ num oxi des), as |s known for

nonvol atile nmenory cells (such as "crested barrier”

cel | & acdeWrRICOEIddtaichal ckbysgm Thes Isdvov gaejeoghhémgrdent 8

structu ?4 oi t har cteristics o{ bandedpg

G LSS Somrd o thelslectaRal o 73, Sf rBaMes

Es’réﬁiri‘d?i](mﬁg‘?ém QR0 5w BBV 2@ FRE RidryCher 3ot @d’)hﬁirlsc‘ess @ordline
i scontinuities in charge storage 0

2di, @ll@derz@ ardroiore @2atgaah abnurighcad eescribednﬁydetall
a@ﬁg | e optim zation of retention, and endurance
acteristics. Deposition of t hi n | ayers of

dl el Mérihlocr:%fwmﬂoaals@ﬁdomrp?@e% hferabredanentves | whidh in
e exploited in the di ode structures

t@%ﬁ'ﬂb@é&nﬁ@ﬁ @EQP'Cl‘ﬂfe'%Eh@uét'ﬂﬁwm@%ﬁ%'ala?r%ﬁ@@ pratgrial
d |

A0SR, L B0 5o TPa B PRI ohYo B REl ot ar

mmrtdiectredalctwegmtame ray sbeheagiioeier edppyr baiibaid egvehe In

f th |
AP BatbBine Nt HBASBBLAE MY BarsbrcRist,And s Ghsred by a
réﬁen%%ﬁcgddwaghmmﬁﬁﬁ YahaT B P07 gk AR 3o,

aracteristics of the structures. The escri
i rsom@ammodndentmmayecommlmoa@ bamiyEpotfyi-Tesrd-Se,

7Lh f
A e B REeBR lighiard, reler G I Beumdiet (s eiRciSar
c@'rrﬁ%@@hﬁa? RESEF $hah in ABPAS! Gﬂsﬁébﬁrd Q{&cﬂ?orﬁ@ﬂrlé&

k functions may be consi dered function may
be r & osae tgnhAdamenis, aratenied @)8 UwedcpmmmVeoaﬁlst

e85 BLEDS. &f 1 oSt o7 4 P ataicetllbes dnd Mg i ed

V\eidejem@tsson&wf)e@?easal FA2eramhple, msteiridl B8 hedged
in Fig. 3, material may have a higher work function

COMRYISE ATleaT BYOEE B GRIMGAYN L AAIPNIH(TLr teliuraym, of silver.
f
VPR GR oty RO BRI Vb o SlIRRRN iy ST e A TR R, o

sdf/eeraeragszousedtrtajlcrrensb\neOam6et|oe51(reo‘rV brtomsnpéecm‘i 32.

Desi erial 22 t have a hi gher mork functio

Cron TS BaVte RINi oxit an el L Shh s RUnAE oxide.
Irfl rs%@‘@rﬁbbﬁllm%%t& hﬁ%%ﬂa‘FQﬂ@ﬁﬁd hage §4h|c$<¢res%”gf ﬁ%s than

to material 32. I'n' choosing ¢ osi tions 54,
258Angatnqre$ H‘dagamal AQymby taemmdjeecﬁophpsucai |C|Oe§1rtact with

bSO e ko M RS i iR e 2

the material. In Fig. 3, hehghts of the bars
corresponding to conpositio 54, 56, and 58 may
represent barrier heights of conpositions 54, 56, and
58. I n sonme enbodi nents, barrier heights of
conp03|t|ons 54, 56, and 58 nay be greater than mork

- Y T s ~ - ~ o - T 1
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be arranged between materials 22 and 32 in order of
i ncreasing barrier height. Accordingly, conposition 54

W@ Mvoake88s cl osest to material 22) may have theCT/082989/042168

barrier height of conpositions 54, 56, and 58,

SEBRBEP i A1 el g 1 i o 35S WPy

ighdmlsar ger than conposition 56. Conpositions 54, 56,
and 58 may be chosen to have val ence band energy
| evelMemioay elesenti gBeadawika coadigecedtio one afnvtther.more

RsRat RsiftPeR s "I B0 iy BB AR Oy 1 8inen 26

nv&y) ®rceohHgdreten Hhéd evehs afffremasisidipnes sbetesb6in anfirst
58 are substantially the sane. Alternatively

0@@@6&@ itWRsr esstivg Stairs, 5@3@&9ryo§|%rﬁ6§él?8t m%h@ve a
(SRR} g FRATEARLONe bevBbaNEER'a @i B Shifland 100
espec oné anot way XA

neega wdtrmen bared senenglyohe\cﬁlmeofvv@wepceinvte etetes4 mémory
nd 58 may be aligned t he conducti on band ebne(ng/
ngede.g., between

elepand %5 Sicfih ?dﬁéa%‘ﬂeWS'@W 5R9ISER
a%!ﬁﬁga@%' RldpmEE $aMEK JHeARPSi tions 54, 56, and 58
may

e selected so that quantumwells 66 are created
at t N\éheunothhmﬂt&itn&semhwmbata tinem&ey alemeat@& imdyhe
56 a at .th uncti on bet ween np.osi. t i and 58 . ..
rapeiiarBe iBankSHonihrasintBeata A e e d ey P tp Tesistive
gheve|n dopsie e%ﬁbHBVmEﬂ@ 04 Wabd r R D¥Itageo B lied
Sappl | er:j across naterials Sgﬁagé 22 Ef)bthat rmtea??ae agpzple
acsoss wordligieer4pdt@iilie 2RanT hatwaliage ay be up to 15 volts.

1GPHBHERHE i RiaatiR et aiade 8 MtadrAm SR fent may
ttzoRs tansuptrhenrorgf eldmredt e@esThw dilirrane i gprduid s from
materi al s being the el ectrodes of the di odes? The

”’@q@%t&]rﬁ%@lbﬁ wqptﬁa«a@ maderial @%H@pgvafteva 40 dye to
n’?d&rﬂte%(f%np?rta“?ﬁ?? ﬁ'é?w%'e%cfﬁéjfcﬁ?:@ﬁ%da Ie%q &‘? ¥ the current. In
lelectric w er

ave a firs eve en ener gy
sbm@remnbdd'dnehts sthat mowymbet diiond fromanfatesial @8 nwed
guant Lim ener I evel ich dramatically increase
EENEE Yy 2699 iesiad teas GIRRITPMAgratin Q2% MBY

féfn e E%%'u\é?lveohﬂ\ﬁﬁ @go@tfw%é‘ﬁ Rat&ETAI 88 eﬂ?d t'rr‘n rleﬂ :Lé‘?hat

dielectric. Inar verse ias condition suc
mandeduon thepiatistange df ageaargslemert Pt eh’neneity

is high and,f t f t
€8h0liGlios, Mefto B L6 Pl 28 B The FHesttith Pt Tid phor
réeursqiutwetésfariegurmeeém@efﬂm.frﬁ@rﬁmson% peb@tarhthiagodi@ent may

-- due to reduced tunneling, which approaches zero --
bief int te forem afta |C¢Jrtemcnml@sashaglr@gr@tpwatmrmo} atSanrtg as.

sqVBHE! bsRRRERLf R SRR RRTeTA G o7
char M:ém@rytelemmﬂnzs hﬁaiferermaulrewethe:@ercemomlﬁstmea;tate

| onest al |l owed quantum energy | evel.The results may be
aﬁwtheelarqgfatrﬂelage%ﬁeet aﬂdb%m@ragr%m@hm voltage have
b%eerﬁpﬁ{ Wik edut @ non-linear characteristic may
resu romsuch structure. Tunneling nmay be a very
f ast ermmsmoapoemayermzarhambbem camrdrgisredmnﬂee isegond
al so he rel atlvel ndeggndent of te er at

ma,
r%%%é'ﬁ’&u PALG, MEMRryig! %Pyt%r?gg IgHEe ,lgéae first
I eb
GEETE SRLIIERMG BN Koy dnRiinghpdidge may oe
a@;pdmepl acrcmsnbdllze &&;artreV\fczmm'ed%umﬁmtahdhner&a’eiﬁ ata

e pRla MR N dfink 2 RS R AR EIS

fl ow ng through di ode 26. D'%(?de 26 may be repeatedly
forward biased and then reveérse biased in this nmanner
at a high rate. In sone enbodi nent, the rate nay
exceed 10 CGhz. Sone exanpl e conpositions suitable for
the band gap eng| neered d| odes are aI um numfor

o o~
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exenpl ary conpositions is platinumfor material 22,
silicon dioxide for conposition 58, hafnium oxide for

W@ owpo£assi on 56, zirconi um oxide for conpositiRCT/BA20a91042168
nickel for material 32. Fig. 4 is a schematic circuit

RSNl nit BXis1 Rmies, FIEm P Bis many 2B el efitctiigfield
e JTBRDEY s HRoe Rt .rzt%rrsqrw&wse%rrihéedd@@uawwmge formed by

bitline 22 and a wordli'ne 24. Menory el enent 28 may be
tkemigyaied io ns @eethdt mesnory eiﬁreemtfzasraareccae&gsted/en the

g5 EhEe R NaE nah e SR HAntS. ThE WieBiaPERRIY wortage

rwéy taf Qpﬂ’@H BRolfEQ fielsenie REnBotRRESLS VIRttRE 8t ﬁooéuﬁrent will
sel ected one of the rrerrorggcel | s of Fi 4, a read

floay thigu gy BospRIEaE 2855 a r%%kﬂgiﬁ%ﬂ@'kﬁgq Recause

oL ? B3, 58 SSERLaARGAL iHRTRI LREH 3o flowing
response, ‘a current may flow fromthe 261%¢

freon dditlivee 22 towdhdlisel 24t ed bitline22. This current

may be measure to determ resistive state of t
rrermﬁ)@/ SORGFEHN 09 §”Brentt$r=e"§ﬂt'€@i E@NAEGHVG RE QeSF'BﬁY

pPE88R! &nd ea@ﬁ'ﬁ?rt}‘reehﬁﬂﬁw%génbﬁc%%@fbﬂH{;@g rﬁ% severed
prograrmed in elther gh resistance state o
at essbghtig adiffeae bt voHageuleveh: Abbgrrisdivied s ur edmnce)

th d he hi gh
oS aTasts e Eonh UGS Iae e Tha) B 28VB 168 B '

pfrBQrarﬂWi ngOEL ﬁf@‘ht 'fﬁ)v@@'gﬂﬂo@rﬁ’%a%ila”ICS@?tﬁrdLﬁ‘@h ?rﬁé?e?ri@ldm into
rdline and the selected bitline, voltages nay be

ﬁa@irﬂrlaioBfio t he other (non-sel ected) wordlines and

R DERC B AR5 Y A ToRae R ALS 26 may oo

ceﬁlng@tred sekls @ndnable pleyeohstideturerd twedbugoanantativie
current fl ow ng t hrough the selected cell from
@

matestalidty e §hs€: iW@nghfage@'Qﬁ”@%% extiag diode 26 via
é‘l{%’?&ﬁ'ﬁ%‘?@ ér?aloﬂotrﬁﬁ HAAW a VOFy f In%r y
volt ages nay Be app act0ss TRE hon: Se ecyte 9

||l andonatnaie bladalrstmraseh/astwbdmrbéd reso e €n aelaaron to Fig. 5.
her potential_than the selected wordline,

e or hj
Bﬁi'é%‘é%ﬁ %?L_r%ﬁtmﬁg DG perfficie Bty Qadinenthe migiglioprRy ions
rﬁqﬁété’rﬁaF 58 ingy n§§ie9ri‘e{|9450 O,i/or‘Ffﬂa{lﬁsﬁﬁ%ﬁ!aEﬁ‘o‘n'%e For
ected wordline. In sone e I ments e menory
ea(alrmphea;a peogisssti miogstoitaga watyte pspgram me‘rnonmcredim 0

41 b b EIHRS Bl PSP PRSP R dhonat o

diedé e3Readindet @6 @fbhbm/cﬂryueewﬁ 0 gﬂow@esVﬂ)éI%S‘t’%réI@ctr'dhs
some enbodi ments, nmenory él enment be confi gured

hiaving@ bfgeyuenargy ée\eeittrmsngnrbelleﬁlatelectrons provided by

1% eI enment 28 may represent two bits
08%9 glgrpﬁaqgnng course ot her enbodi nents are

possililsehigin At e oriddIydiglgearnt 428ibas 2@i€ stowewetween
than four different resistive states and therefore

bitipeeddrnd me@osy glemsent 8n wethart embrodiRreltaadiefe 26
A S L S T S

aendantdnaory felemrmrtyz&l enment 28 is confr gur ed to have
one wo different resigstive states - "

and %\%?W%‘P%’H%@t oBFig BUPR¥ERE aPHC%%q‘ &6i {;)iloé”t'%rte
Ir'iifi’allgmﬁmfn\esebgﬁﬁ% 88 fBPrYre*éieo@eF %?{%bﬂdﬁ%tbr‘“base (or
resi stive state ' may subsequently tered
sapstrated 112e Bitlinesi 32|maysb@1p@tteﬂmedl utlbzrmg photollthographic
enbodi ments, the resistive state of nenory el enment 28
may be repeatedly changed w thout substantially
affecting the ability of th§1 menory cell to store one
or nore bits of information” Referring to Fig. 5, a
fragnent of a construction 6 is illustrated. Simlar
nunbering is used in referring to Fig. 5 as is used
above in descri b| ng Fr gs. 1 4 vvhere approprr ate

e ~ o o R e o
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24, a nenory elenent 28, a diode 26, and a bitline 22.
Wrdline 24 and bitline 22 are shown in construction 6
W@ 200004881 se el ectrically conductive materi al . PEUTE2009/042168

electrlcally conductive material may conprlse any

le co 03|t ion or 0 osi tion
PP ot Ry SBAGIF AroPeTercieBRPaRsPARE SN STFE: Matef Bl iato a
p]@frgmytgﬂ“r%@tl num tungsten, alumnum copper, gold,
etc.), netal -containing conpositions (for instance,
met aButisequrystly natfest seveli elediods dlglecarm@ material 34 (which

el Bk stepk AlRER BRI U EIREH  BpriBsTiicRss o hoi a5 dlspussed

apevel imesiation © FigHes-3mwy forreed bivelknpgssislinés f rdivde
about 2 nanoneters to about 20 nanoneters. Wrdline

dielechibaon dtesialndhimay beyderoshias eriessiteditdinespand spaces
oRSHREIEd IMBSTSFY, GATRSRSIL 5 R pEb SRR AR

poéceemm@sahdome oandonm;etches texangate, theoopnflgaratuon shown
nsi s f one or

si st essenti al C
'mgaeﬁor%’sﬁgmev@m%@%m% §ﬁ§€'§ i ‘P%”t%"lﬂwtﬁé'@é&“nbs gnly at
c?ﬁgé’?dlﬁfh 8¥'tﬁ*étvl/8|rblfrfé‘éj%ﬁh hgirtl‘?ﬁ%s In! §o S Bmbodiments, the

nment s nenor enent onpri se one or nore
dlmdaldlebeodss mlazherlakmay bet hadt betWeeertth&sbabhes rather than
oi chionetric st For exa el e n

oRn et bE' Srid At Sins - RhirsaoP b wiiinbsca
[ﬁBde&e‘I’éétfrﬁf AHtetiadisdt My Ebaéé‘ﬁosﬂt@dafvfth raﬁ{y §Oﬁa@1e

he two resistive states, nenory el enent

W@d@@gm e LO§n grefmde xam phey At hpr i se m)re Fe304

my Ao0C G evel sl BRY RN PRBCLERNE o e EI3re. "

dQStHI@ eléatr@d%eycmeb ofen ¢6rrhleel bwer tesdstdigrcitiataterial 34.
nmenory el ement 28 nay nErlse primarily Fe203 and nay

Ed@ﬁ’iﬂqaﬂbl %PGUFBZ@W%QH 3§cmaypté@dpam@§i in the cpwélguratlon
SHRUALIA B34z e SEPRisind IR K sFe b Bho thel Bt it with a
prhe:solsthogaraﬁnd:ally lpattere esle sk aadlcsme\oe mbat estchesor y

ele t 28 have relative h resi stance of
S bouTName eIt MaHeo8 1A reran farme die e caraaly
CBRERIYiv8 FIEREHSPBATEY HREmeAORS EAHRRLE Tnb) DS R59RE by first

resistive state instea Irst resistive state
diep ositireg enbtaliale40 Qver mradgriamd2ngnddheagee pagitbg material

N N
phetb R r@p@f@%’r@ﬁ@s@&@éhﬁe@ eAYmidraVérchleld @H8reate the
R X h migravélc hield ke

menory ement 28. The current may be sufficient to
sbause camﬂ@matlpeam woich memesy yelemenrin284s aMygratbgross-

PEFTRCS R WA FER o PG . oo B ST ARD I FRrd ffaterials

38nhadi 4B nisy bleeldit bgteeinnh e Biiliees mMakebehan gdeefm¥dnio be
of a current pulse having a duration of less than 1
ofly Iaité‘é@éﬁopo'lvéﬁ&f)lhél\é!ﬁéﬁlﬂnég angl bHERGSA in the
second [ r

and! oy TR evel 6 15 R dterldlis BPRINBY D8 i hERtory
elamsaits. e'hrbe)dvamhtrﬁa maatemra} ralapr‘mmﬂemsmmﬁ beraopelde bitlines

with a quantity of Jlic at e.g., u e. 15

afichRpes RERYCemGAIaINGS, AHONRE Rt atTat Suligig

pW&S‘PHPfhd{:&raHHF@gﬁoE@QEFHQJE‘ﬁ%' ?ﬁév&‘r 8l &1RheQf tdTBFR4 D the
nt 28 retains a particular resistive state as

shomcemlg@rahoaninuwhlm thé roatlirtes apersupsdehtiallgwrdhogonal

tr?éai n che %zgrti cular resistive state if nenory

' FehP 28 s undoped by preventing a redox reaction

that would alter the resist%%e state of menory el enent

28 fromtaking place. In so enbodi nents, the

netallic ions may be copper ions and/or zinc ions.

Once nenory el ement 28 has been reconfigured in the
second reS| stlve state, menory eI enent 28 nay be

Y N s o R o .. o
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el ement 28 so that nmenory el enent 28 is reconfigured

inthe first resistive state. In sonme enbodi nents, the
WEe@gnsssi ng vol tage may be up to 15 vol ts andPCEYS1969/042168

between 10 volts and 15 volts. In sone enbodrnents

26 aSubSaiinft {5 als o RN GoRdR Rt uth dicivg diode
rﬁ@t‘é@faﬂenbérﬂ%‘r ABFh Y, iai Wdrdﬁné‘alrr’h%tbé rf@Fﬁr@'doM\‘srrr‘@
frombitline 22 to wordline 24. In soné enbodi nents,

subeeqwerrdr@r@émof Ve atiakgedlismys drd popaedsing, agparated

Pty SRR Rt Rltorr e g VestERe S8R g arrays 1o

d@@ﬂ@&hei@rt@“ Hoes Mg nisogienentd the veifcdraaekednay
vol t age applied across bitline 22 and wordline 24 so

comRrige atilgasp3 F‘@@P%Cﬁﬂghé‘ﬂ |96§bﬁ9r REMPICRBE dPT @ least
4 nbodi nents, a plurality of slightl

1§i?ﬁgﬁ8§?g§g§tage | evel s nag respec?ively sgverythe

mul ti Tn)ieever:tmtuqx lsvaclbasdi atgesmorpl datnaiayw eleyidanticadte one

enbodi nent s, g ﬂ nmore conducti ve briq%fﬁﬁ¥g¥ ge

a@@&@%dowaay Hr ' r?ﬂ?i‘r?d‘ecarnPéfﬁ?rfl Qi 'Rglans 3.\

n?’@tetrlHl Qﬁéﬂa?&r hfémﬁ@y I @?Bﬁb' I@'v P L0BMHCAI ¥Bck may

mat erra insulative materi a conprrsrng

bei eift&'ﬂemrtan amrppesttlmnércﬁn th@Gdloa)”&jnﬁﬂeaml\mdlzed for memory
scr.i bed, above in reIat on to b|t||ne 22

IR AL ATOH ROl el S B L 8L Sthsl b By B8 4p8 Sam®

céh@ﬁ@sr'tr%rf@!; 6lheodi‘io"d‘é E‘leﬂérral&rlrz@@ﬁbrcﬂieVﬁrémb?y 'c’é'lls38t the

i s overl apped by nmenory conponent 35 and di ode

odloere e Hﬁhvgrﬂ@ﬁﬂﬂ@@krve material 32 nay be

wor GE 958" Eugﬁsﬁégiﬁé{?'??%%is 89T bERMEsH (s bRiEES5 ana

mem@lrymonﬁpbn@fntw”ow ctREPeoeitigUratiohs, \melmﬁgrl bed
above in relation to Fig. 3, diode 26 nay

C@@rﬁ*@rl@af'@ﬂss'@ whigh ”é%@@lrlé C@'@cﬂr%ﬁéa%e@ lﬁ‘ﬁﬂ@sqllﬁ’s&ﬁgﬁbove
I t

AL 28 T, B, A ed hethFeh IntRidTy 4Rty 52 and

\A&rrtjdamrengmreme yablieation 2foaess biiVieed toefornhisgicheodrayy

| e For exanpl e, .the eIe trons may have an ener .
cPBGI RUONSI BYL G SIS Loy al O AL LS SR paMESORN g HuFation

of fmg an e%%iﬂ%hb?‘(ﬁé é&rﬂiuéth?e 'rc%?é rrﬁa{serm%ﬁdftﬂme'f
di ode a convention - iode. In sone
deerﬂe@dimwnaberralhmaql betfoomdraﬁemdoemamroafnef tiye Inee gloryf

t | east .5 0 4.0 .electron.vol Due to th
fmefiS ratagr et v FOHBRHED Sltn MiainkidiefiéMs. in yet
ot eﬁib§d|nﬁf@hi§ Sthb%ﬁbﬁﬁit‘i@rﬁ‘%frfﬁlé \rr@r@meéélaqrdsmthyres in the
cause the redox reaction in nmenory el enent 28 than
nMmig4y Idedts mayl bet ieyies sedds cethatpihg, W@rghagsm ugder the

I t e
o3 3t Be faBRETHAT R teiranal b el LR Fastines
aticothe sidwerdicddmelfisolormmveetehé biflingodndethe memory
bal listic electrons having a higher energy |evel than
eHIMEASi stic el ectrons provided by conventional p-n
di odes. In schematic electrical diagram8, diode 26 is
shown between bitline 22 and nenory el ement 28. In
ot her enbodi nents, diode 26 may be additionally, or
alternatively, provided between wordline 24 and nenory
el enent 28. In the shown enbodi nent, diode 26 pernits
current flow from nmenory conponent 52 to bitline 22,
but restricts current flow in the opposing direction.
Such can enable reading to and witing fromindividua
menory elenments, while limting cross-tal k between
adj acent nmenory el enents. Al though diode 26 is shown
oriented to direct current é%gmrfronrnennry conmponent
52 to bitline 22, in other odi nents the orientation
of di ode 26 may be reversed. Accordingly, diode 26 nay
be oriented to permit current flow frombitline 22 to
menory conponent 52, and to restrict current romrrn

. o Y .
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of menory cells as illustrated in Fig. 4) in addition
to nenory cell 10 and may extend substantially
woeabogessal [y to bitline 22. Bitline 22 nay beP@HDS$2009/042168

plurality of nmenory cells (e.g., a row of nenory cells
%Ii%ustrated in Fig. 4) in addition to nenory cell

} e term"substantially orthogonal | y" neans that
Theeiiddtidie el anseavgs dl i nes arenore orthogonal to one
anot her than not, which can include, but is not
limted to, enbodinments in which the wordlines and
bitlilnes & BY&IMOTY &Yl eX@EXiSiNGi t hogonal to one

anot he 4 and 5 may be
fabr?c@teedgg’sgwﬁgm Fﬁh}‘f ?%9 bitlines 22 may be
formed overfistricrduittdi® mbsalf or substrate) 12.
Bitlines 22 nmay be patterned utilizing

phot ol i t h8gPRpPNE Gt g alediadnd@N8r nore etches to
pattern bbb biie A detivch MlALt ExndlictiveShaterial
Subsequently, a first l'evel of diode dielectri

material ahd(ite sbcoay dendustieekmatenal; tard e

dielectric co &t ons, ﬁ as di scussed above *

rel atNB &' %F%% stanes of dNEINRECTK EP MARN N 1S 9%@, igurable
vR adey gl %trfdwcteratf%hﬁkhé%raia&oﬁau@ﬁpesmta@@napfmgh the
the bitlines and spaces between the bitlines, and then
opide enakafialttiol the agcphdtmmduo@veghabermlocessu ng and

one or m)re etches to create the configuration shown

in Fig. 5. L di gl e '

mat ef i al e me g%?l éf"‘g‘f;é ﬁTm (r%' g?'% ﬁ %’h?’(%&e”
f@mdeblctdnnpﬂSeslandmr@ c@iﬁpdsrﬁglbsf,lrsttféiedtr@@% a second
dielectric material may be |eft between the bitlines

elegtrade; Rad ﬁ:ﬁ'??—ﬁ‘ﬂé‘@ rtn@t%@abn'lh;? diodg 8§$D$)é7|°rﬂ@ecdf3d in

I d I r
S%ﬁ%ﬁg@’h@f %oé’s}ﬁtgeg rhﬁSﬁenP'Ss& ﬁ]a I%C?ﬁ%t p?@é ?19‘ fHrough
th@@iudé@sofmsmm@twgmlﬁb mMefr oyt chmpEdneaft
el ectrically conductive diode material (i.e., a diode
el ectrode) 32 is then for i ode ectr
mat ot ol Ihe EERpPY el ol EGH, &W@@r%@ﬁh boleaygpde
cBthp 9588 G fll’*stt M2 t8PAhHOWeAS & 00N 8 18R HIJY FEOmMid¥s a second
depositing the material and then patterning it wth a
el slifferenr tpn ¢ae Ifirspare@ ned mask and one or nore
etches. Menory elenents 28 are then fornmed over
el ecl rica o) a -
el endit s ?ah’yé @é}ﬁg?im%‘ﬁ é@é’&?ﬁﬁsre' ?ﬁggl("}é%é‘nft“m“on
akBbelateld withogse fihst nbiettial e selandd Ipase s nbetne el etrfmgy used
bitlines, and then patternlpﬁg the nenory el enen

IOHEBIAE 2t ﬂqcﬂ% rpﬂfﬁttBIel ki gﬂ“ﬁﬁﬁﬂl %nﬁr%§6§gf‘ﬁgw§ﬁ|élfunc“°n
a%@%mﬁéte'aowﬁthettr@@écbﬂ Che Pusﬂbﬁa &@ frﬁ&Hﬁﬁ‘B\‘%'hergy
I'n msrmryeems material Is on

uSEds pamiove aﬁ etllaetrmrﬁblrmelseaam:dnd mgiad, thenflssmwork
enbodi nent s, nory el ement material. may be |eft

(R RBP4 RBHPG T M S CORan Bk TFREAM & be onl y

at cross-points of the wordlines and bitlines. A first

| evels of woydhidfiofpicell & clainf SriIBer&ivethe Hﬁe@emmatenm
el ements. The wordline material may be deposited

hasraarries neight gee aterdtipabedh e werkrfunedios of thedirst metal

RRa LG BHTE TR b SN AR 1O BRI Wit bsino
relenédger ahigergy aitiere niceebbiviéénes canheustinst Bahdadi she
orthogonal to the wordlines. Subsequent |evels of

diglectrednatgriricand a ¥alence b(%"rﬁ’dgétth%éj'9|9§d@0n@@é‘?“a|
menory el ements, and wordlines nay be formed using
subsequent iterations of the above-di scussed
processi ng, separated by angissivation material, to
formvertically-stacked ne y arrays to desired

hei ghts. In sone enbodi nents, the vertical stacks may
conprise at |least 3 nenory cells, at |east 10 nenory
ceIIs or at Ieast 15 menory ceIIs The

. o o L T L 1 a
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Fig. S5illustrates diode 26 provided between the
bitline 22 and nenory conponent 52. In other

w@ovbirgpssat i ons, including configurations in wW@THS2009/042168

nenDry cells are stacked as di scussed above, diode 26

ded bet ; t, 52 and
wor dPr no. 3016 TIRIMPEORFLLR| BIF B SoRBara I LEk Batal i one
of Whnth DR, t@:‘h@fs'tQHr A a 1988 e bSIaﬂir’mﬂnarmél@elt hahtalum,
utilized to formthe confu%aratlon of Fi ﬁ 5, except

copgert heariomautitngsted sidicigmt of fantadnwan diligide and the second

@ TR TR b TR E iRl ? bratinum,

nidigeImeantaium b S, titany@n, qQtihA et@ﬂ‘@ﬂ%lﬂfénb?r tahfi€lum
orientation of the wordlines and bitlines in the

sHGi8ey cells nay be reversed (so that the wordlines
are under the bitlines) and the di odes may be forned

ei t her beqw@ﬁ Gl t SJEne s,

or bZtvveen t @6{3 S{Weegl %ﬂgpﬁqﬁgzn\gﬁgﬁ errg‘nts n%)her
coalfigiugadatoi oosdott Hiﬂﬂirgneltlaabatre%e@mnmmlypbaﬁistllceand
Referrin nent of a construction 8 is
,qvgugpreé?%r@y %* %1‘ Il%ésﬁﬁ%tdugg SHEONKOlSed in referring to
Fig. 6 as is used above in describing Figs. 1-5 where

appr @pri atfee fridnofy icklllust ERfigs2amhatéier i dkfectric material

enbodi ment of nenory el enment 28. Fragnent 8 is one
cenpids @@t leash onentatacial seletteshbrost amengesiticgn dioxide,

sfifft el dnabiy M AAE iR eS8 AR fudlenics. o

abeMensi mtﬁb@CWafﬂﬁlmcbﬂdéamlr%manﬁbﬁm ataaeR¥ium oxide,
f ragnent to illustrate sone of the electrica

Yttbrr'r%%@mdse AN MHghBHD &XidBlectrical diagram 14 shows

that menmory cell 10 conprises wordline 24, diode 26,

and gl t] | en@Zmefiftely obi1 Ui qBirA" wifSRiA R diBIAIR Mnaterial
above. Menory ce 0 al so conprises nmenory el ene

cagpubesia phurahity eibage nenndieipiuet éayers Bf ghe @)Iurallty of

i ncl udes. nat al .3 nd mmat eri . Material 38 ma

s DEUnE gifts Entadl el iR pometbsi §pns JRLTEY tp Spé Bhotner;
ah@WNh@GBwPﬂﬂﬁ%ﬁékﬁﬂnﬂﬁhﬁiéﬁélﬁ#ébnﬁéuk@@ﬁ@f@@ﬁpaﬁaﬂium
ionic silver. In some enbodi nents, material 38 may be
\Amﬂﬁeatjetmmnadaatwmﬂm/ layesaof the ploraliyoesponsive to a

OBRG b hehTiet aaPosORET FA Blelbr Bk bl by Goche

efacipedeAg- Te, or Ag-Se, which are referred to in terns
of the principal conponents, rather than in terns of
specific stoichionetries. In some enbodi nents,

material 38 may conprise, consist essentially of, or
consi st of a doped chal cogeni des and the doped

chal cogeni des may be a gl ass. For exanple, naterial 38
may conprise one or nore of germanium sel enium
tellurium or silver. Material 38 nmay be doped with
germani um selenium tellurium or silver at a
concentration of 1.0el 6 to 5.0el 7 atons per cnB.
Material 40 may be a thin oxide material such as a
nmetal oxide. In sone enbodinents, material 40 may have
a thickness of |less than 25 Angstrons. Material 40 nmay
be in direct physical contact with material 38 and

mat erial 32. Accordingly, material 40 nay inpose
aseparation between material 38 and material 32 of

| ess than 25 Angstrons. Menory el enent 28 may be
configured in one of two or nore different resistive
states. In sonme enbodi ments, nmenory el enent 28 nay be
configured in one of two different resistive states.
In a first one of the two rg@istive states, nenory

el emrent 28 may have a rel atfvely high resistance
(e.g., between around 1 nmega ohm and 100 nmega ohns).
In a second one of the two resistive states, nenory
elenent 28 - may have a relatlvely Iom1re3|stance (e g.,

1. .
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In response to the programmi ng vol tage, a progranm ng
current may travel through nenory el enent 28. The

W@ enowaasstay cause ions frommaterial 38 to bePGIERL009/042168

frommaterial 38 into material 40 due to nonentum
transfer tween the i ns a d ehectrons of the

curréfk. G%BH%“QH%&&'N%%? e novenent of ions
¥ ot hcRAdiBl Ray s fle SRy b9 169688 el Gifferent

as electromgration. The ions may forma conductive
blarrrlegétebehteeeellartmeeto ehesaneﬂterwaherbenne;zhelwtsrbe@mg

e EIEToL o e HTTEMT A pETIesS foffiBlicBdhandEriyalence

btah@stuptmessayaéﬂsv@f shatrarallty; aee enbodi nents the
programm ng current may be in the formof a current

pul sWheigindha RIurakityodf yars akhghysicadepranged between
|
T Er TSR R P 51 SR R DL AR MRy peing
bairete hafigpt, 4 hay @r ogmmplugalcturmea]tesirtthtleosewad electrode

pro ra n oIta ave been di scont.i nue
Bt JNEIIGRERE B Tinieh BER, GldbnpLaNbe e @ REV Seesibe
f
AERIRE r%F*rtﬁs.fiV???e'ég‘?é??%V@o ERTaGPeaRiH hefon of
tipe gdueaityng vol t age may be applied across bitline 22
and wordline 24 so that bitline 22 is at a higher

pot ent,i al -t han wordl i n sult of t.h .
Vol tade e BtRpLy oRT & e efBHen Ble iipgnauctive
neéwtccﬂﬁ ritlee glmpgetglic field may be of sufficient
intensity Po sever the conductive bridge formed by the

mgrated ions so that nenpry elenment 28 is )
r econf gur 6@ MemRey cellsef ?gﬁéﬂ‘sﬂ ilvehet@inethq gusigd is
sﬁ?‘ﬂ?@%‘n‘i‘%téauéé‘% rgét?ghﬁgf%t“&n ‘6‘?'th%9ﬁ1e'¥§t’fr%?n ‘tHetf?rs’r5
ttlT'e or no current
cbhawctilveomngtie naimbniy tHeowide 28atesial. result of t he
vol t age because di ode 26 may be reverse biased and may

i nhi Qi.t a urrent fromfl ing frombitline 22 to
wor di'Pne 24€ MEEGRE C @Hﬂgﬁmkﬁﬁté nmul tiple conductive

br i dgae ey the st@%‘%iﬂdLﬁﬂﬂlee?f?éte‘Pfaltlgesé”ﬁﬁrta't@bQrom the
conductive bridges may be severed at a slightly

seécbher epnduolivageateial by Aheepxigei metgrial,nagane

oo A 1ok 5 TR A 1 RT3 Pk i e

firet eohalicfilel Mdemal ahidalhe38ecArdVEsn digsitve begtarslve
inrelation to Fig. 3, diode 26 may be configured so

as to enable electrons to tunneI through i nsul ati ve

mat edifal 3Me MEMPHY Cellsot alatd il Aagvhereid thenirekeendyctive
t

R R e R

dvetandesof |dedtledo@® Angsétahson to Fig. 5. Ballistic

el ectrons may nore efficiently cause the m gration of

f 38
non 88 11 e TaBery Grul e et Angheoin B grshapguotive

nv@tetraegq:drﬁeduste@ RQ CAHPPE B W rfieldilvid. may be | ower
than a programa nenory cell having a conventional p-n

di ode since diode 26 of nenory cell 10 provides
bal | 1§t c ThieeBY@TBALY el PlgCRRIM Huherpier gie fiesleronauative
I | ect£Qqn Vi y v tional p-n
rBBEED LS GB TRl AT LoP B SR Gl oae 26
I's shown between bitline 22 and nenory el enent 28. In
ot her enbodi nents, diode 26 nay be additionally, or
alternatively, provided between wordline 24 and nenory
el enent 28. The enbodi ment of Fig. 6 may be fabricated
as follows. Initially, bitléges 22 may be forned over
sem conduct or base (or substYate) 12. Bitlines 22 nmay
be patterned utilizing photolithographi cprocessing and
one or nore etches to pattern bitline material into a
pIurallty of Ilnes Subsequently, a first | evel of

o g, . " o o o . Y
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processing and one or nore etches to create the
configuration shown in Fig. 5. In sone enbodi nents,

waltwda488el ectric material 34 is only at crossPEDUS1089/042168

of the wordlines and bitI ines. I n sone enbodi ments,

the diLode_dielectric y eft between the,.
bi ¢ 1 fes. ARNEISDRER S5k S 6P T o BEreifl freafirs SondUStive
ne41@T falRUMpPisels 4 ey ehianasganidiedi tlines. Di ode
dielectric material 34 may be deposited with any

sui t abl e net hodol ogy, including, for exanple, ALD. A
firstl8 evdlneomamecy cietlaPi gladenddcw heeeidi degest i al

i Qd t n 0 di -
chlifane el Rof TRGE 48 e T EIRIcA QK R £ Uplo L8 ries
gemirerriam,3&elemyu e tEhunedn i or shieeconfi gurati on shown
in Fig. 5 by depositing the material and then
patterning it with a photolithographically patterned
nasﬁgnd %@%P%P@He@%%@ucwﬂoq%d Giadi s 25 are
t hen of g Fyer el ectrically conductive material 32.
The rrermry el ements may be fornmed by first depositing
matelal iitli 4@ cm&rrthrmﬁebﬁtrlate2 and then depositing

Materials 38 and 40 may

be pgtta'&cgfﬁ%d“a qu"flz?Y@r hﬁ%g’d i 0gr aphi ¢ processi ng
and an@e@al AHte il Qﬂ/%‘-‘r the gicdatfid Arathrwn
configuration in whi menory el ement 28 is only at
cr 0s §PoPxide mattahlelmmltuh@emedabm;attelriates In sone

ChoC B FEmacn B Rl R aVah e BrigB materigl "ot "o
Cr os3-werdlise Wvdrhdenoodtiunaseandtdiial;iaves. A first
| evel of wordline material is forned over the nenory

el enmdHiteyeimRereRistaneR qtﬁhermﬂm%ycshl igeptsaantiple to
enbi

RS0y 2 P ARG L B o ik thtdligh the
cpndeesivienmzaadabdniheoo xide entieciads the ncekdtraatdveak leovah the
confiqguratjon in \I%E)h the bitlines are substantially
db?'@%‘g%ﬁ%ﬁ@ba'ttﬁ’e Hilinges . Subsequent |evels of
bitlines, diode dielectric, conductive diode material,
Menopy) el nwm“érﬁoryaré@uw@édldrmﬁ may be formed using
subsequent iterations of the above-di scussed

pr ocasdioglg, ceapigsingdmigfahapdsaidiakeacdricrmatetial;, to

hel gft S i shTaisl pERFECY §18 BT S FEliE Riopg ane
c@WS#@ étmbgﬂ%&oﬁad@fmé)’méﬁéﬂlél thk ﬂn@&iﬁ@ryl@ot’(ﬁj‘mme’nt
cells, or at least 15 nenory cells. The

NG ala3iSi ek S0 hiEnBhangERIe 1§ BEu e e ugigd
i F
i 2A Hing it P et B P e R e vory cel 16

at one level of a vertical stack may be different in
conp@di.t i dimef memohe caillooecrateDal hat ¢ilni tztmjnfangjnetoresmtlve

menor .ce | s at .anot her vel vertical sta
TR 6 ordedwiBl aghot Gk ot et g Socnat n Smount
ofltiirh& 288 Mmelgridier&BIEavE Peltefafteidifs U P@Qs't@r‘(@é i®flonger
the vertical” stack. Fig. 6 illustrates diode 2
tlpa@\ardemctlemt/\efshnte]éheumerrrcychzeHmv:bmﬂdwmtgalmblnecmedtfled

[ n ot confl ratl I hcl udi ng _configurations
easipieh ihderentiy BN mAt e s Bl S bove.
di ode 26 may be provided between nenory conponent 52
and wor dl Mhe BYemdhe cedibsi cfimon1prheesis tHd meedid fons are
form such other configurations may be simlar to that
CQPPIEIr 188ty FMCt e configuration of Fig. 6, except
that the conductive diode material and di ode
dielectric material may be forned after formation of
the nenory el enents rather éjéan before formati on of
the nmenory elenents. In yet<other enbodi nents, the
orientation of the wordlines and bitlines in the

menory cells may be reversed (so that the wordlines
are under the bltllnes) and the dlodes -may be forned

1. . o e



a second conductive naterial ; and an oxide nateri al
between the first conductive material and the second

w@omwdneasBive materi al ; and wherein a resistanceChiiS1008042168
menory conponent is configurable via a current

condugted_fromthe first conduckive materjal through . .
the oo de e APy gefiel SEUBRADBRATER UEF madhs Gresistive
nfatetf dBAPrseeChh iRSn Oh@den 1 wherein the menory cell
further conprises a diode conprising a first

el ectrode, a second electrode, and a dielectric _
mat ePdal , Thieemaroaey isellngf edimegpahereisetadialeckic he

' t ren ' [ he
il REBPEERL Wl St RS O RRI AR Stk
phierity ofdblyeod havahgndiffehenedieleberit icoshpesiiinesative to
rises a first nmetal and the second. el ectrode

oBénphp Ly, dhecdighectit MIAtaT el HGIRG qaTioyied 19 fakm quantum
1 ; . . .

w\/\%ﬁ% %%?tﬁ-%ﬁs assoce?éan;:g#dé \l\ﬂ%ﬁgt gm%g@%&yg&ip@ﬁsﬁe to a

vodlagteedeiryy applieoluatrads Enedgydesed to renove an

electron fromthe first netal and a second work

et SRCEIhRR A (ol B BR B e of
théplsran)biMeiy@lrs Hd\ke thickhedakls ledrctHanobeigidlliever
than the second work function. 5. The nmenory cell of

n@ln@gmeBraherein the dielectric material has a barrier
hei ght greater than both a work function of the first

nmet al, ,and nctio : | :

ar 28 ndnshiiaoht EeLrdt Elaitt BN RRRA M HiadSRe
chefigeeodaoccomddatt eredtanas ahat hee gireldechinanthpbatlistic and
and a val ence pand of the Eielectric material.6. The
h@¥RoR) &810Y0P! af #2333 vherestronweltdi rst netal is one

of al um num tungsten, nolybdenum platinum nickel,

tant abum ACRRARbry qulmHmruEHaﬁsé@rﬂﬁisliﬁgi de, or

tant al um sui ci de an second netal iIs di fferent

one afsuwbstrataim tungsten, nol ybdenum platinum
ni ckel ...tantal u copper., .titanium tungsten silicide,
or tgnpléﬁﬁr&?n%\{qr%edg%g{raﬁe nemory cell of claim 2

wher giglelchec dhasialso¢enih@wigithe;0 conduct el ectrons
that are predom nantly ballistic and have an energy of

alt | @aetdl aieeie rqyr(?rd:htesdiegectri@mgt@fﬁiq}; cell of
[east BRCTUBLYS E9ecB Pl poehthRungtaf fHGRR =

di oxiad@worglihé aorernintg rdey ndtiolr @pistimeoriateriall aahdl um
oxi de, al um num oxi de, alum num nitride, hafnium .
OXi dé‘(h%rieﬂ%dhﬁdﬁwemrd’e@'rlfﬂ‘g?ﬁe@i @8I SHANGE, “’th isr¢Qmhigurable
i,de, [Wole] j The: e of claim
v G S BRE Rl AP LB S e RN te,
noagmnetaregisiive ayziesiali biue \nmeiedl mbagreak arid the dielectric
lurality ers having different dielectric

of |
Wﬁﬁgﬂpi%ﬁ%bﬂﬁﬁﬁtive to one another; and wherein the
dielectric material is configured to form quantum

vel | pgat jAURdrheRy ceet peyranh@ihgReshed ddmepRkiHg! ity
responsive to a vol tage being applied across the Tirst
el ecproviglinad nmemosy aedl edByrising: 10. The nmenory cel |
of claim9 : wherein individual |ayers of the
plurality of layers have different barrier heights

rel ative to one another, the barrier heights being
related to energy differences between conduction bands
and val ence bands of the |ayers of the plurality; and
wherein the plurality of layers are physically
arranged between the second el ectrode and the first

el ectrode in order of incregging barrier height, a

| ayer of the plurality near€st the second el ectrode
having the | owest barrier height of the plurality and
a layer of the plurality nearest the first el ectrode
havi ng the highest barrier height of the plurality.
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sufficient to cause electromgration of the nmetal from
the first conductive material into the oxide material.

wadoorkssnenory cell of claim1: wherein the fPEBUS2009/042168

conductive material is separat ed fromthe second
conductive materi a i de. mat eri al

|
wher ei n t ReM& A ﬁé%%ﬁ%cwepr'ﬁ”bﬁ Fe@@%?(%%ﬂlsnve
cont aedteMdinthdené oty él@Wé‘ﬁi beﬁngm’fﬁ & firdt r%%‘i‘slti\h@ state and

second conductive natérial. 14. The nenory cel
cl ai MaVBQusefitstasistariaestandnduct i ve nmat eri al and t he

second cond v te I i St

of Vess  Aosie SaBRFGRD. s SRBY AERrieindlFhar e
cl ai enddahgrcetie thenfdriysélcepatuptime conhelictél together in
conprises ionic copper or ionic silver. 16. The nenory
cel | sefies; @8N 1 wherein the first conductive materi al
conp T 1" r r

oI thtRickitar S cufibe 1P h(lighF th gimfion: dibm e RBY diode
etizmivies&s racolofigdre flaé angero yeelelBe nT e beeimays esdhd of
claim 17 wherein the doped chal cogenide is a Iass and
r%'é“d@p%‘@t@tfiiﬁ@é@@hm%@ tBPafé@té@ & 81346 ABA]

seebp MBistflddHiie Arthdir MRS flrétgre:ﬁsf@n@%.y C?' !
constructron conprising : a substrate ; a bitline over
the substrate ; dielectric material over the bitline ;

a met8. ndther methodeof claéndealwberei@ thﬂ eragietorasnistive
oxi de Imat rial ove(r%gt S nﬁater ;. a conductl\ie th
MR N EECTHE 'S4k '%Pé‘:“i’% on pao\%rsdl ERPB\RAY e 1R e
C@Q@@@@MgV@fﬂ]’@équraént, and wherein a resistance of the
menory cell is susceptible to nodification by a

current conducted fromthe wordline through t

condd® i vd heamatnad Oiﬁeﬂﬁk?éeNhﬁf%VhWm”eﬂﬁeﬂn%f%$tre&s“ve
I
ST ma b R oTBRf et & R ¢ centraton
offeb@lgeanthan avtdle ot the sederd aésistizenstaey conponent
connect ed in series wth the diode and conprising a

magn tore | te e nenory conponent havi ng
a reSilsta F}?jt’n% ﬁﬁ%ﬁﬁb%& e via a current
CondWe@r‘élrﬁ r?/\Wi’i'l’@hn tthe fﬂ*s‘i’q‘ésﬁmﬂ/é Bﬁat@agﬁétrﬁEﬁ%@t LYR
material. 2 1. The nmeno claim 20 wheréin the

COAYPIES ©3% EEBDSQ ﬁﬁeQnathﬂﬂ Eézoss a@pied with a quantity of

e ol Whed Tnufls SPoRITERIRle MAR I memery cel
coageses moraF aMmutiardFebOye the menory cell would

retain the nodified resistance if the magnetoresistive
mat eri al was undoped. 22. The nenory cell of claim2 1

wher 8@n tﬂé’enﬂtealhpidcoi 6'@5&%?5 WBS{)%'I” fhensupietiigdn the form
of Y&y Aent gm sgenory cell of claim20 wherein the
nagnetore stive material conprises an iron oxide. 24.

The nmenory cell of claim20 wherein the dielectric

nat eBiSaI Efd)‘tmmestesdaobblaiai 28yfumfherag/@mri9ingicewiag the

er e plur ers havjn fferent
caftiicting of Bieudidhtatier snatheatorn SletaRbhng: 5ot Re
er@hﬁ@hFe@ .nﬂhers@éomlregusqm@‘ sweedna Qv EFeThaNinEmory
I s"at junctions between the |ayers of the plurality
eie@@mge\meann@ i® the sagendeiasistippistate it tlbe aligance of the
cﬂ Pqﬁ 25. The nenory cell of claim24 wherein
A& Vi dual | ayers of the plurality of |ayers have
t hi cknesses | ess than or equal to 6 nanoneters. 26.
The menory cell of claim20 wherein the diode is
configured to conduct electrons that are predom nantly
ballistic and have an energy of at least 3.0
el ectronvolts. 27. A menory cell construction
conprising : a substrate ; 59



a bitline over the substrate; dielectric material over
the bitline ; a nmetal material over the dielectric
worioenizmBl ; a magnetoresistive material over tPET/IE1089/042168
mat eri al , a wordline over the nagnetoresistive
mat er i al and erei he ry cell has
rost Sfancd Renqethoccahe (i 25 Lrinel somprisiAe subsequent to
tEORGHdRSid eMthBec et 'é‘ﬁprhrﬁ@%UoFtEQe across the memory
magnet or esi stive materi al netal material, and the
d@vm@@tffreailweatcerreaontlgum@heumleurm@ry cell btaqhstmtlye diest
nmet hod conprising : providing a nenory
%F'V n%%ﬁg5|ng :a menory el enent conprising a
magnet oresi stive material, the nmenory el enment being in
a first resistive state and having a first resistance
; and a diode conprising netal and a dielectric
material, the diode and the nmenory el enent being
connected together in series ; and conducting a
current through the nenory el enent and the diode
effective to reconfigure the nenory elenent to be in a
second resistive state different than the first
resistive state and have a second resistance different
than the first resistance. 29. The nethod of claim 28
wherein the magnet oresi stive material undergoes a
reducti on-oxi dati on process responsive to the
conducting of the current. 30. The nethod of claim28
wherein while in the first resistive state, the
magnet oresi stive material conprises a higher
concentration of oxygen than while in the second
resistive state. 3 1. The nmethod of claim 28: wherein
while in the first resistive state, the nenory cel
conprises nore Fe3®™4 than Fe203; and wherein when in
the second resistive state the nenory cell conprises
nore Fe2C3 than Fe3O4. 32. The net hod of claim 28
wherein the current is in the formof a current pul se.
33. The nethod of claim28 further conprising ceasing
the conducting of the current after the nmenory el enent
has been reconfigured in the second resistive state
and wherein the nenory elenent remains in the second
resistive state in the absence of the current.34. The
nmet hod of claim 28 further conprising subsequent to
the conducting of the current, applying a voltage
across the nenory device effective to reconfigure the
menory cell back to the first resistive state.

30



