DI ODES, AND METHODS OF FORM NG DI ODES [ 0001] Di odes,

and net hods of form ng di odes. BACKGROUND [ 0002]
w®eloeass9sevi ces are utilized in integrated cirPCi/U$3009/044801

for selectively accessing conponents of the circuitry.

Nuner ous devi ce types may be utilized for select

devi ces of | nt[ﬂ%rD%tse I\ﬁ‘j M@:_eﬁ I%(S O\'A._A IL(F%WAGD%%W ce

types bei ng di odes and transistors.
continuing goal of integrated circuit fabrication is

[0001L° bfb%‘e@?@ﬁdeﬂngh%%éﬂoﬂ%g *sy’ and accordingly to

ecrease ootprint o divi dual devi ces by
scaling the devices into it |ncrea5|ngly smal | er

BACK%%@N hons. Select devices may be particularly
cult to scale in that device performance may be

[0002} edGeledt dgvicks@reatiiaed it ndegtated tstwing fqnfsetehm/edi)ewcxeesmg
4 C1E r. I

comp AU 5O i Mo 0 oo REYRTELEL 8 4 G LOpR oo o
integrated diecliitsy, ethrexampfd davidehtypegtheitddiodeodrd trdngistolsl em

ha [ ' : .
19005 1o SRR Vool e RAE L BB aoss pragpeon
density,| s acheioingtly tofrectiasd ¢hantwptiviet offedividoalsiesicks bglsadlingghe devices
ot b igh P PASE AL, S0Pl o e e ol ARGl bl o s
that devitehmiorondeomay hg reliusgd Hy dehieahing labtienetemins etithe devices.

[0004fﬁr hgﬂhstglwgéfv elé)argr% IOP&IQH@EQH‘(% F{aﬁw? tt nweayq}e H@é{t%é in the

des dr
overalDESCRINRF tehdioHe 1 Mr@ﬁmwwm@g)(me]dld@legA g_rob@nathat may occur when

a diod% gsﬁ%afél?gﬁogﬁcr;e?%iﬁ@? ;Sg‘t%lﬁléllj cﬂ@%h%%sggt%t tfe B%%Bg?wgﬂr&ﬂgféthe diode
may beepree tpoagodlicalative tm@eriraemdmd Qﬁer@tmnrcéMe diedsus vol t age

[OOOSLor It9vog|| eslnglg%q) de %}Rp ﬁe\%gf@%e; (fﬁ%vp %%o%%g)lf formm

USt rating ree Ias con
dlodesoflvhs;hcﬂn@d@ desirad corefdiiow teioetmaintaeet diorgnthe qu@zmsﬁs the diodes

are 805,[98510 sln% 18 fgb%%@mratl Cc, cross-sectional view of a

I on o nstruction illustrating an enbodi nent.
[0010] FIG 5 |s a diagrammatic, cross-sectional view

ion |IIustrat| ng an
BRIEF‘é{Sﬂ%@%BﬁéﬂPﬂ!‘? {%SB—F@IN?@T s a diagranmati c,
[0006Lr 0§54 stistd daglanviaia, ofosarspdionabriewdf a podiostof asphsiruction

illustralk'rl]%HﬁteFrﬂ)BHWerﬂn enbodi mrent. [0012] FIGS. 7-10 are
di grammati c, cross-sectional views of a portion of a

[0007 onEfr Zista gﬁlphlcal illustration of current versus voltage for a diode.

[0008] FIG. 3 shows three band-gap diagrams illustrating three different bias conditions
of a diode in accordance with an embodiment.

[0009] FIG. 4 is a diagrammatic, cross-sectional view of a portion of a construction
illustrating an embodiment.

[0010] FIG. 5is a diagrammatic, cross-sectional view of a portion of a construction
illustrating an embodiment.

[0011]  FIG. 6 is a diagrammatic, cross-sectional view of a portion of a construction
illustrating an embodiment.

[0012] FIGS. 7-10 are diagrammatic, cross-sectional views of a portion of a construction

at various processing stages of an embodiment.
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at various processing stages of an enbodinent. 1
M 22\ 4044\ p01- PC[ 0013] FIGS. 11-1 3 are diagrammti c,
wee@meds®aerti onal views of a portion of a constPCDUSING/044801
at various processing stages of an enbodi nent. [0014]
FIGS. 14-1 7 are diagrammatic, cross-sectional views
f rtqi_ f g
00T e R P R e AR R
constru@mgnwr@@ FREEDINERESY gesiMigsieettypes of di odes
[0014%0”'?@?@! NI REATRE AL StBAIMANES DEHEFS £
air conduct i ve el ectrodes. i nstance,
constrpgtios atlvﬁéwsa}@@ﬁeﬁ'ﬁé”tgafﬂa%ﬂ Mandinoesimenty have one or
nore insulator materials sandw ched between a pair of
conductive el ectrodes. As anot her exanple, sone types
DETABEDLIRSECRKYTINNQES Hal- LSBT E AT BMBRINMENTE conduct or
: )
100157 Sbh (A R SRR LS50 cPrB, e aElch ¥ botween a pair
of condliigtiveledprtroties heitiestarde, nejal-insylaanetat M) sedesenayt have one or

more i@%gﬁ?ma‘(&aﬂ M@ﬁ bfe%é.g%da F]gft é#ﬁ%ju?tﬁ)gaég%érgggs.sﬂggnother

I ments i's recogni zed t
examni@r@mmwweszssmky dibde aag dhave ohavemare sandigbrduichy materials
sandm}icﬁ’ﬁe%re £|WS1e A&V &r%@%émt i ve el ectrodes,
enhance ent oW may fained relative to

[0016Li o@@nmgnalmclecﬁ@smamong véll ipdvgribe maderisg thap Isysandmioben
betweéﬁ_gﬁ MAJEQRBYG é%@ I}ogﬁga%g%stgmﬁ%nIné@p?@ﬂ%cﬁﬂents it is

I ment S escri wth reference
recogried thmt Iégweadlm gensiueifong ace fedricaied tohaveoan Midulating topography

betwegﬁp‘%trtwgo lrI]C'[l:\'?’Q eB@%YroP@s %HHQPJe‘d%%rH%Mt @oﬁﬁﬁk%@%‘%ﬁﬁﬁé& relative to

accor be a sem con
diode e@rgueiRssi fmvmg[a)mgqr tqrmgramdeetweercmwwpsregdlactll\/@@actrodes

[001 qel egh reQ%ﬁlpljeAem Jﬁ@ﬂecﬁocfé ?ﬂéro% Eribkor leﬁ'ﬂ%fé'?ane to FIG. 1 asa

nternedi ate dio structure san hed bet ween t
portion gheeonsireetignote Hrﬁjcqnséugwe‘ro BRe be sopleorteddyIsermhenductor wafer,

and aécg\gﬁﬁglf %tbreoaggen]nédm coRSnRioRse 20 and a pair of

V\t estals) 22 and 24 extending
[0018]Jup lﬁ%lplrpder18r@pmpé8%@é>werl¢@6tra§%1émrpmm§eégle&trb@@é6 and an

mterm@@lta?er dllgtlli gtrdotur@nl% &h@wﬂﬁ?&%%@e%n‘ﬂ? B @Ieﬁ@ %r‘id e u pper

teri 23. The mater| and e sa
e'eC’ffCLd@rrposnl on as one another in sone errbodl ments and in

oote hefe %KXBPQIeEﬁB&éW?&r%h?AsSa Bash 15hP3 ‘I?'FbeSé s (o

np05|t|ona rent fromone ano
pedesmtﬁa@? aé\ﬁé’ét&%éilmgaumrﬁlmf@@sths hesadlibe |baée pemeidesia Hape material

21 an§%@p§d@%@éﬂ§&érﬁ§né@&%ﬂb&i grfﬁé(te}:?? dsh efhl%%eﬁél %‘%negs may be the
of materials 2 he | ower eectro
same @)qmp%mon as one another i m some embodlments, and in other embodiments materials

21 and 23 may be compositionally different from one another.

[0020] The upper electrode 16 comprises a conductive material 17. Such conductive
material may be the same as one or both of materials 21 and 23 of the lower electrode, or may
be compositionally different from at least one of the materials 21 and 23.

[0021] Conductive materials 21, 23 and 17 may comprise any suitable composition or
combination of compositions, and may, for example, comprise, consist essentially of, or consist
of one or more of various metals (for instance, tantalum, platinum, tungsten, aluminum, copper,

gold, nickel, titanium, molybdenum, etc.), metal-containing compositions (for instance, metal
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be conpositionally different fromat | east one of the
materials 2 1 and 23. [0021] Conductive materials 2 1
WO 289/154985 17 nmay conpri se any suitabl e conposi PCDOSING/044801
conbi nati on of conpositions, and may, for exanple,
conpri se, consi st essentially of , or consist of one or
nitride, %ﬁal QliciMasLOVSs f[}‘ﬁbé‘ﬂeﬁ iERE dr'ﬂ?‘a%ﬂﬂﬁ @rhm&é”%@B YWy colnductlvely doped
~platinum tungsten, um num copper,
semlcwd@mrmtem:& Vodieatante, élOOd')'CthﬁivtC@ped @mc@n mtmg
r0022f BRI RN RIS OSENS froy EBITRHS: By HEtab R posiign or
combieation) of cappogidari @i vedwhele piediedwmagendoies leyermas eh¢va11)sor in other
S ’
embo{ %\%@ﬁfﬂ?}%?@ﬁﬁe C@)tagﬂgrﬁdg gks\él?%a&feg fffg)%%nlmgta(f\ﬂl}\/l intermediate
diode ainyctgngi t8abhy compptsond an@ne &tmtmaﬂmnsutatlm composmons For

. iti. . h e
mstan%%?fﬁ’(%ﬁ%%%%é%&dﬁ‘% ot er Wé&%ﬁ?s%g?ggﬁ%ﬁal glaéf &r consist of
one ordnomoengﬁsgiphﬂgelebtgylénom thefgrelipoetesibing gf aumirMm nltrlde aluminum
oxide, 'h%?rﬁtﬁrﬂ%%o%t %agh?gl?m%g(r(]lécFllBBI%ﬂ#‘é(l&?%lllggmﬁljld%e siE&h (%de tantalum
nor e el ect I nsul ative co I ons
oxide, |t|ta§tuan@elde| ﬁtrmﬁd@t@dmlrgdrgumthuiﬁ ure @@Iem;@nd nitrides are referred
to in té}HEFHflt rérgcfp{‘égﬁ@pgéﬁ%g@tré@la f%ﬁgrﬁn n Eg]e%s ﬁ&éoﬁ?gnsg<|§|csrﬁ§‘rﬁe%s
Accor«dmglal tbmommqﬁusﬂlmrd@ ref@rremtmawb&ord@odm aﬂfhlnhﬁnogmpaeses the
stowhx'gﬁ]%ﬂ’g%lf Bmz&?(bIB%den' obi um oxi de, sili con ni t ride,

on oxi de, tantalum oxide, titaniumoxide, yttrium
[0023hxi diediodmil2 wtilizesFicheattoxdierte chﬁﬁ@ct@)@id@,snf&ﬁdecﬂiatemi@téssstructure
18 ma?%@g@ﬂéﬁ%ﬁgnsﬁ é’stégﬁtﬁ%l?r r%né g%@tbg&i?c Ircgﬁ%@@%?c%ﬁnatenals (for
instangg sdicdnhghg the lm@e@ﬁh@@vwfr ebacnp@etmm'ass compese, ednsiet essentially of, or

i ometry of

consisd b o e 0 bR p L “Seor t ky
[00241i odibe pheedels @RiantiZdanay he eprridiired to @r@r@r@eéom getanee 31&nd 33,
respeém¥lycm{o' npris8 %ﬁie%ll LTS 3 Ar{aﬁl é;; ﬁ%{ecﬁ\%@?' Ble Bdse 20

or nore sem conductor materi tance,
Compraes POGIPPET SHTHRCEIRS, appthe sdrvvallowgrces @dhe pedastatapxtend from the

upper %8%6' §Sf"of tﬁQ %ﬁé%‘io e %?B%r‘n‘?dslt ¥uﬁces a4 a%%%' (ﬁtthé)l%ed@%?also r

cont al ni ng mposi t
[00251 ooih? Stmf@e@é?de% adSs 32 2nd 3 tqgeth@ryomae ondildénraeigpegraphy of the

first el&&%e' %€ sLBR uf rl%lﬁ@ %reg}%nrgas?’rﬁghé's@éﬁﬁgée's c%h)éspﬁﬂ%g t8 surfaces

npri se sidewa 3 respect

31 andrﬁ% %@é@szoloweﬁbpﬁurfgé% cgrmeampdlﬂgé@stﬂm 30, warmgl‘netﬁésurface is
abovestﬁé:l%mg %geasdlgtgn%&%p@g@ﬁaé cEXA ffcgr%ﬁ‘rpre at least about

upper sur ace ase to t e uppernost surfaces
50 narpmetgisdina®mg emhedipedissnay ke frpoedst ¢earanétatsds agoyt 500
nanomiRers 3 softe EHBbdAeHRIINGE frbR B dH o ?rLété\‘g éo fabout 500

topography of the first” el ectrode 14 un at1ng
nanom%@r@garaglnysomernbgiﬂ@gmsmw %@@m@@pwb@bwm@e@do abOUt one
microrsurfaces 3 1 and 33, and has a | owest surface

corresponding to surface 39. The highest surface is

[0026]5h ofe dissesseshaborve dnlefraediateydiederstyichiiie d 8"y, comprise one or more
Iayersd%stbt%nﬁf?cléﬁ@é’s Qﬁntef'rﬂédlﬁt)é%eestrlﬂbré Q@%aﬁ@fétss ﬁ%n or e8ual to about

nanoneters; 1 n sonme enbodi ments may from about
ten pemﬁbﬁfethgldgstqr@eagbu{n sooe embodiments, a thlckness of intermediate diode

structure 18 may be from about one nanometer to about four nanometers.
[0027] The pedestal 22 has a width "W". Such width may be less than or equal to about
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nanoneters; in sonme enbodi nents may be from about 200

nanoneters to about 500 nanoneters; and in sone
wepdods4yent s may be from about 50 nanoneters tRCHDS2009/044801

one mcron. [0026] As di scussed above, internedi ate

di ode structure 18 may conprise one or nore |layers. A

50 nar'id?ﬁ%tars |H'38K1‘%ee?§bdbfmér‘?ctser nmedi ate di ode structure 18 nmay

ess than or equal to about ten percent of the
[0028])i sParstestricglly lﬂsnlaﬁwa@mbw ivedves base 2hiagilriles ypiesdr electrode 16
oot 31 AR &Rl OO HELINS ARSTRY 15 45 P QIR mey
comprisecuytsaitale Cha@oaltlw ait gpmivpatiopuat lsomipdsinonraynd endyetos example,
compﬁé%% Ay rﬁ@r\é%’f jﬁ%?gpéﬁﬂ%ﬁcﬁ Sd iR phosmoate glass.
i ments. ectrical'ly ins
[0029}mt Ehe aleoztzd¢%1 bord 1hdeeetne, Wlﬁhldteﬁmédlatﬁp@ﬁd@smlﬂf@d@ form a
diode. 1 (5tﬁer6\korld$,ha\ﬁ5 fiRAEJRbd 12 YRGNd @gﬁt?(ydes%j I'énhnrﬁgllrﬁédléfg diode
insulative nmateria may ‘conpri se
structts"a|1ﬁameéh@rdm§|Sttriuetnlreamat:mmiurq@tqwﬁnwetweﬁpm ftrStcami second
, i

electrﬁ%‘grvﬂ%évoqtg ? gﬁ@{%&gwtg Wg’hé@ or g Sﬁgg dS| : r&az tlAHltﬁgrburrent flow
betwegh a'gag,first[ a]@izga]corm @Ie@ir@@qsn@aﬁ;svoit&;ganfjarleppqsﬂg@pw@ty igjapplied to the
structeBt €r medi at e di ode structure 18, forma diode. In

other words, the first electrode 14, second el ectrode
[003011 6, FihdP $hewsrarewdiph2ehal dmmramnay@@llyr@slrstet&ﬁye@mvplé emhpdiment
depen@eﬁéer S gﬁt Adibn Qg%lémﬁrsa BMBF eRlicthRs Hﬁﬁ@nfgg%hgwﬁﬂ FIG. 1.

and second el ectro en voltage of one polarity iIs
Specifipajly.ineditive veltrgesnayiee gersidesedita beaene peiaiityt @rcnggeding voltage may
oo corl KPR UERR bl Bh 3 GO0 AL AL 5 MR s
curreng floydhrgugh tl'[e(;@@lg]urema@d v@eglﬁmtl\tp witaph @apmigd there is relatively little
il t
curer BGURETR EShKLL, K218, oRnFE SRR B RTSEGheR e shown o
the vokagauegalf eAlgTough éhe sipeodmenhofiMGFE €hows ingrased icarentylow when
pOSItlng/ghé%ggtal\b\%‘e&sgﬁctj ’ggﬁédgﬁoé; gér'(\: gn%aqgfee?trvglt oig %Epg%, M bithdr
embodipgotsi the instraser ryrenrilon pag Peiw &vheoInegaidve witagpis applied and the
lmpedéll?@é' l‘:r‘lail %Cmrg\lfhe‘ﬁ dJsROL VEI i QPB%@h the structure, and
en negative voltage Is there is relatively

[0031] i t 8B é*la@uis:f@mborvedwermﬁ@a@ﬁ? ipdtrestgoturet! Grreay gorayiss naultigle

e |
layers! )§@lt5r§ Iag/ scaﬁpgb rﬂ)taﬁ% gép eﬂ?ﬂeeeeréaﬁg% {e%é%gw\%dgbéek@op?{nes FIG. 3
shows; «%‘c@@@ﬁé@ egBedigmnt i mem@d@m flipele gBbettpe! § @pmprises three

Iayersff‘_’.p@I jv@l‘ﬂgh b@&%ﬁ%@e%@e&@%%é@d%@é gﬁ%%rd& Sgeon‘lcally FIG. 3

in other enbodi nents the 1 ncre curr

showsma@w W'Qﬂfémﬁ ohHiede Addaan veblesﬁct eqfulition (giggranedOlaadorward biased
Condltﬂbh?dlbﬂﬁ%@%%d@yev@%%aé@a%n&@éh (dlé(g?raﬁpiéf)a@ﬁa r§ma |48 gd 44

di scussed above, interned a
show t@@? Iacﬁnwr@laﬁgd rﬁa&pdla@h@ms@aﬁ@\retrﬁsepbléw%wrdﬁlonsb@ms fegye pliglectric
maten%@%ﬁpgﬁnﬁzﬂ'eglﬁge MGLBSLEEA G s SERAR DRl &Re ntht98s 23 and 17. In
contrast, diagram 42 shows that tunneling may occur in a forward biased condition so that
carriers (specifically electrons in the shown embodiment) may tunnel from conductive material
23 to conductive material 17 via quantum wells 43. The flow of the electrons is
diagrammatically illustrated with a dashed arrow 45 in FIG. 3.

[0032] The band structures of FIG. 3 may be considered to be band-gap engineered
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shows an exanpl e enbodi ment in which internedi ate

di ode structure 18 conprises three layers 3, 5 and 7
wokioehs#se engi neered to create desired di ode PCT/US2009/044801

properties. Specifically, FIG 3 shows band gap

di agrans of diode 12 in an unbi ased condition (diagram

struorffl. HR R vas BE A b Do AaROE T SRR aroupn of v
materigls. dngigladiia materials, anBh@ger meyrhgi angareerethitirdughdhermal treatments
(such BQYI'?errﬁgl Pé:%ﬁfegt 8!051 ﬁﬁ'u%no)i &%Zda% |£ ((rq([)'(/\n‘fjfo?l ?ﬁ\'}cﬂétﬁe memory cells

mat eri a \ prec gration of carri
(such petwesiad cb@ff@'c@&”@@ndwaloalf@s@seléﬁﬁd The bandrgsp ﬁtwglasered structures
may ofbiBREARARASARS obRabaly BREMARGNEEY, BGALK v lofis fPHEa ¢

I ase condltlon SO t carriers peci fi P
semicendustaroard/pmmen exréhlbmhﬁrecrtboﬁucmhbandmgiga dmmtmﬁltlasnn charge
terial 23 to conductive material 17 via

Skﬂad%ng#%&b%g e 43. The flow of the electrons is
[003311| a@hammeneacbflli}Gl 1 [sussterexasthlevemhodimgat thede .aOtreveddnple
embodinSnt §od£509|%2s] Wﬂﬁ?n Pgﬁéi gkructures of FIG 3 may be

consi dered t band- gap engi neer edstructures.
[0034Het Er@sﬁt $rmwaﬁt egrtlﬁapf #eohgirustien wcmap@s:ru@ adidsies®. Construction
50 maﬁEl l(zg/rl:riﬁ)ct&r g}%tnjc‘%n I l]'bé &oﬁ@%@ﬁﬁ&u%ﬁ ilraw%l' %%81%(@ §4

e engi neere

compnistifesr aréaset 6@30%@@@16( s%dmtaa@meh@nmg upw@ailyrﬁnntn thé base. The diode

also |r@|t+6‘&:%y pg? glgé&odeaﬁié %@%rrﬁé&]at@ ﬁlgl'c{lj ?%g&wéen the

creste arrier
unperfahdﬂwafeala%rpdesrh&@bm Slapneéperastad |6éd>f trerlagenelegrarymay

compr%)é@n | df t}?g‘@cﬂ'rﬁﬁés@tfdngdls%ﬁs d 2R \Aﬁtﬂggfeﬁér%%qgﬁ@ Ui fof ﬁ% base 20

rrier transport i1n e sem conductor, and/ or
and D@Q@lm £2 ahd P4cart thetuppsr @ectwﬁcﬁb‘e@@G d# seyremmise pey of the

compds‘%m‘ﬁ?%ﬁ% ssc‘éopétﬁg/@ vﬂgh r&%?erfye% ‘ﬁg%g{l ‘??é F] eo% g@%@ﬂ%?&ePorﬂons of

I'S one exanple e ;
the um&aﬂp@teoc@rmwunwtedﬁydbewwmvg hwigridl 7 FT@Spedesal 62 may have a

width §0G884 foﬁaghcalltéﬁhgﬁ“ﬁggc e'h'h%l@gtt&n nstruction 50

conpri si ng nstru tion 50 may be a
[0035% ent Ko ridslewsra portien pU@@@f@ﬂﬁrucnmeMWdenmg apidedes Tae

constrgggg}?t(glingg%E%%r’é@orﬂﬁ%? béﬁ rgjc ﬁQd%‘?E II’QZH%?Q %l 1&wer

62 extendi ng upwar ron1t
electrafieoffecaNing bagres0 and apwalltxepfemde@tms &5 Sdrahdt8ecxtending

upwarl |g nqrﬁ]%@gss *#h@eled tarsu%aw Jagnug;%%wg@etra %éé%@?rctcﬁ@%es the

ectrodes. base edest a
intermpdiater diele struaidie ‘rﬁe@ﬁtwwmmewpahyncblpweh elecopqerss i ihedigse 80 and

peolesii.ils%éj ggwgﬁg&gﬁéngc%ﬁé‘ ﬁ%étceﬂlg uppé¥ B%gtcctt}ﬁ] gé\ﬁ@s
d»scusged ab@(e withrggfereanpio BE. 4dgr tbe bape 2@ enposiiedtalng2 and 24; and the

upper 3|eeFHES 96 oPPRY.S A Qorﬁﬁlfls%r &ﬂﬁﬁ ﬂ‘ié)oéﬂugrsngong UischiBEUMAGE with

el ectrode 16. Portions upper ectro e are

refererggpigdriGed farythe H@perr%eeﬂt@ﬁw@ ﬁ@ttmﬂﬁaqf tEMIPPER elegiseiasargl supported
by theGfsulBNe *h@é&@nél o i pzebétaela@ g@%n&@@%%é\@%l%b 'sh%ém&for

conventi onal patternlng hows a portion
fabricagipn attitizing epnventiensl p@tt%rawgr am @ide@ﬁt @n@@éthmoednsﬁf@ s may have a

different width than at least one other of the pedestals (as shown), or in other embodiments all
of the pedestals may have the same widths as one another.
[0036] FIG. 6 shows a portion of a construction 100 comprising a diode 102. The

construction 100 may be a semiconductor construction. The diode 102 includes a lower
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construction 70 nay be a semi conductor construction.

The diode 72 includes a | ower el ectrode 74 conpri sing
w@2as84980 and a plurality of pedestals 82, 84remuSB®69I/044801

extendi ng upwardly fromthe base. The di ode al so

i ncl udes an upper electrode 76, and conprises the

electrq.o%tﬁﬁ ﬂ\éﬁ%&ggdeggs% ﬁtor |5lg a:l1§/ cg%%&\@ﬁglstﬂ@ gfz)ép%GW 120 and

ower e pedestal s’ 84’
122 exgendifg vpwsardnvieam &%@%o&@emmmplyée&m uppertetetrode 106, and

oompr&%?ﬂﬁ@dﬁﬁ@ﬁlagé JicHe §ﬁ"90 @Qol\éeoe %&1 {hgf@)ﬁgpgﬁd l‘bQ/eF El@ctrédes The

ase and pe est al s he upper

base di0erimedes?B b2, Fi 6116 118y 2¢ enpri 22 of theyowsr Etleﬁérode may comprise
r e
o S T e Sl e T Tl banS P TR o0 ohe
pedestl®ez? andig4;arel thapppetaertipgetiRE of el Gmay eomaties &l of2iTe
comp%ﬂ%n?%%@ﬁgsaédsab%%e fﬁré‘frégen%@ tOBIG, hlaft’)?t %@?e@wréﬁb 5 Portlons
or Tabrication utilizing conventi ona tternin

of the appéreatroda@robuiecep by dst abglaieymhteviel 2/ . dTief @&@ﬁtals 1 12 114,
116, 1\4\%,?){\,\“ Jrl?na{bza%a{égﬁ%o 4} V\PFOI??JerStlcfrr@nh?%g%ﬁFx% o&ﬁ}lagteming, and

or’in er e diment s est
insteadmayi@fernédby aeeding Wiloiedby orpwtlanbedienns Pmﬁﬁe} SPaCs, ag

dlscusggﬂ’gfélo?lovgml%hegncggtoqzlégnﬁr1l7'Ct' on 100 conprising a

construction 100 may be a sem conduct or
[0037t ondbe dioteedescTived @abodemap Reifprolagddesany Juialie enelbedso den

L 8] I i4t
ek S B0 B389 L) Bl bronce
FIGS.frdm t he base. The diode al so includes an upper

[0038§|t e%{e?rﬂ@ leo‘ﬁge?”&m%f? folnst%ﬁs Eh&wi Elf §|E>FB%Q%§ %stqgé’%whlch

f ween per and | ower
insulatMeenbiasel 2719 f@rmedge/@ebaw %0 mlg is pattpred ®, ave@nipenagd 20

exten h%Fetﬁr%ﬁ llx OWRE gﬂt@rﬁhb%‘fiﬁ]a@}él Eﬁ Wg'f @X pﬂgto&lf\%qrafhlc

ositi o s di scussed”above w t nceto
prooes'fsmg tIrectiasly, 2tateriad ZESQM?&’dQ%fIOQNQQa%{ﬁdmIZWm amnsﬁ ecigspepse 20, a

photolfg%@g%@ﬁ%qlg#%ﬁgmed%h&orgs \%ﬂ@t::}éh?)glpz oner inaterial 27,

I scussed ce to
a pattéromayHee igpderred @é@wfaﬁj@hqwesusbm_taﬁbmm@fenalr%? wigpene or more
0 i | :
suitabff A% HeprifgRatiyfioitel MepRoRiEhLl S FBIPhethpd
COﬂStrU@@nrﬁiﬂ@Wf or fabrication utilizing conventional

[0039¥)at F\g{ew J{%to qu o8 ﬂé&tﬁ@eﬁl BYaREvE R | BY | ssﬁﬁqécf‘gcross material

'ums over e see
27 andiE0SpeaNB BB Th ShN Stlue Wil BATRIS 146 oFen TOUTYrow the

openin‘sg1 .c@gﬁ%té#ﬁﬁgﬁi RGGraROM exarrg]l ! rrergﬁod f g @nmeJ a@.rbypalr of spacers 123

along tile(ﬁriewélot)@wrtoweﬁmpn@g Fhespacers ”EPé’sﬁ@rfﬁb@t@tQﬁ pyinitially
formlng %fc%rnﬁﬂﬁﬁstlgyé:rlo%pa(%r HhterddP938hciBeE Ridtd 827 And Within opening 120,

onstruction I's shown at a processing stage iIn
and then ﬁuhe@tﬁ@dhaﬁpﬂ@fm@mal 0 ananisatrenie A o RIMOYSI8est ) the spacer

mater@ﬂ@hﬂeﬁe%é ﬁ'fensq%mh% pdaye. an opening 120 extending

ret hrough. The patternlng of material 27 may
[0040];0nﬁeie§r@qgtﬁd-'tlg; Ptapngiregiiend O Is illustrated after utilization of the spacers

123 (FIG. 8) as a mask to pattern the material 23, and after subsequent removal of the
spacers.
[0041] Referring to FIG. 10, intermediate diode structure 18 is formed by deposition of

one or more layers over materials 23 and 27, and within opening 120; and subsequently the
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processing. Specifically, material 27 may be forned as
a uni form expanse across base 20, a
w@bwbob49shogr aphi cal | y- patterned photoresi st nBESRUS$2909/044801
shown) may be forned over material 27, a pattern may
be transferred fromthe photoresist mask to nmateri al

seconaélé@'trﬁae Q8% ﬂ?mE@ F)rgerst'tﬁ'éﬁ lgfed%tlé: B%ﬁe sﬁ‘[}& e, Tt}]e one or more

hot oresi st nms Yy renoved eave
Iayerssiﬁ tigrmesiaie diogieisynctore H Gay Pe PTBRY W%ﬁtﬁblﬁgnﬁttbmﬂ:l e layers of
m‘term%dnaﬁal &§64¢& lsﬁ:@étu% @ﬂggﬁé 'fd%ﬁﬁe'% BE'V@ c%‘\o’ifdnshaf %]H?sdthe underlying
across nmteri al In openli ng
materigtsritiiey ateeformed by atonmameadmpsﬂlphl(éwhe openl ng to
[0042{I‘w_""'tr Eﬁ%’C #@r&ﬁ@rﬁ‘bﬂ@hg $@@8ﬁ%r|§@§ £hiofk 1%3%]m‘uﬁarft&{h%%%de 12 of

he narrowed openi pai r of spacer
FIG. 1alldrediodire 12 ptielwal 1l &emlodm&%mwwga p@pl@aﬁalﬁ§2 ane24 of material 23
icated by initially formng a
eﬂen%@@ﬁﬁ%%gﬁﬁxrg%ggég§ spacer material 122 across
[0043}at b $amne embadlﬁwewi& (tmphsfma@m thg meRerjal ZAPf theepedestals may be
patterﬁéfbb\bvﬁﬁg'%ktd?ﬁerstﬁgr?ﬁr SESQI:&E 'oﬂ—'lé 93 ag 31 'sallﬁ?%rqq mecmgtteﬁgl 23 is left
eavi ng

renove Nnost acer nmat'eria
to exteriveacsprnihe pae ér s gap G)Eﬁlb?tWR@ﬁ & petipstals B2 @nd @4. In some
r
embo&ﬁ%ﬁ%sspg%edregy 1%(8 (FEI%I %’i rlng?Béa gﬁ@%ﬁgéﬁ&ghoeqwae% tbé ﬁ]dyQ% Hisotropically
etchedhst ferm dle prjections 28 ard 24ubsequent renoval of the
[0044]3933@@% 11 qg%ﬂetrﬁ*’t%feﬁ{ é%aﬂ?r)lé &eg"o@c]omrmfngttﬁé g’f‘eéé ab %f FIG. 4.

structure epositron
[0045hor Referyieg o Blﬁieﬂ 1nﬁ@wruail® f'z@lsaaﬁ@wam amﬁ@paﬁﬁmluswge m which

msulalﬁ\%erﬁb{éga?prs f@rrﬁ‘)% (W%? BALEHS la)ﬁdtéﬁg ﬁ‘%ﬁ%‘ h&l&Egh 68&?@(}@30 extending

ornea over e i nternedi at e structure
theretMegglonéhe patgynieglchynateyiabR7 mayonmsdisa Peoiglibderaphicpeeapseing, as

discuss8d gﬁé{véor%leftﬂég@ﬂ é?éw aé‘:]&'acépllntaﬁak?é?}g‘;i%n% edihi Jlu Byétﬁg %0, and

I'nt ernedi ate structure orne
patterged iptaca pfio phepacaty 63s theespaaerernay o)favacated Y énitially forayng a

contin?ﬁ% Ifagérrfﬁg B¥erdh 281 #é“l ﬂb@égfosg‘?rpﬁéﬂla{l '29%n@’$\h@n o;{é?ﬂ@ziso and then

T nstruct] on o conprises a
subjediingritheagpacer Maeerdi worn arpsadfopicl &teh to reave nepsh akthe Zpager material

while I'éé\q’n(];l eéﬁb@vndéﬁgﬁrgl%nm dcfd:e?] oS b d@b iy %t i chers 135.

23 e upwar ase 20
[0046 o mBetartiredionfe it 42, (q%@tr@qﬁ@mp is ﬁm@fvrnafﬁ%*rf@rammgzs e@mca

condueﬁ%er%@ha {@ywmn H%t ﬁaﬁro%e dyehmgas K; qt1§165we'aﬁ@hé H%acers 135

spacers of that sone eri al
(FIG. 1Bf &nd @ft%'ﬁuéﬁ%ﬂtw@f E%TSOVlah@f tb@§@aqems aOga@ng?@%@ﬁdAé@ware in

Iocatlc;nlg%vffé?g ?n%t %Ja%e %ZNé}B Jerdbved berﬁ OffRe %H;‘Pé?ﬂ}cﬂ&? B{SF ig S@aﬁ'ﬁ{] Pe

e omtted, and the |liner 23

considarpcsoUNaviachdopiab 68 Rbaiesal LRIl HpwasElydies basebl
[0047}:24 R[a%?ﬁr@ to 1654 3 %ﬂrt‘eﬁ%edjlhﬂe%ﬁéd@étﬁjcﬁﬂe Q§Wnﬁe§%§/ kgfosition of

formng the di ode [O Referring

one oft oK layers pvergpaterialg &0; 2a0 N9 75 AsGMRSeRL I ihscesandglectrode 56
is forndcPsRr inflerMiigfdle diode structure 18 to complete formation of diode 52. The one or

more layers of intermediate diode structure 18 may be formed by any suitable method,
including, for example, ALD.

[0048] FIGS. 14-17 illustrate an example method for forming a diode analogous to the
diode 102 of FIG. 6.

[0049] Referring to FIG. 14, construction 100 is shown at a processing stage in which
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insulative material 27 is forned over base 60, and
patterned to have an opening 130 extendi ng
wao b@pas4dugh. The patterning of material 27 negT/US2009/044801

conpri se photolithographic processing, as discussed

above relative to FIG 7. Spacer material 131 is
: r i 0 [
ety R BB ot 1R RS BLE o BB 150
extending thesdthrpugior Ailaygr &f wetariehiilis fq)rag@kaqucpssgpad@twe material 27 and
within ?@%ﬁﬁ%@éoﬁﬁ%o%r cfm&r(?tg' rﬂgte%gl %ﬁqs\ﬁns'ég ﬁbmﬁﬂ?ﬁé&@ and

, an en subjecting t spacer mater

acoorcmal;sthem@tieoaleﬂ@hCctroprrS@rm\Vetonmltlovﬁ selaetivehacaovasleaeliptiye to other

como 5| SSRGS S O BIEoGRAB o

comprise, FarGist egsentielhsofr octdnsist 505”n®nsjm«y¢e aﬂic@r nifriglerarrsgicon oxynitride.

I ' t ,
[0050]e eﬁE{er@'?do oBe/FAég %‘ %%érx |1 1% ?t%roﬂ)?b%ll {cﬁé@go #égné rﬂ%e ngenal
into sn@ema@ spaggrs, 15dnd'hafsu®waﬁ sbseajadht areeaﬁgn@mdefvaulsq@‘ material 27 at the
peror 2620 RS0, OGP A, BB s™ R BT LS, WIBGE  frtwer
153, aRil ¢he ibgulative betecialis sdewrth mayrdmwhampﬂadegxt@ooﬁ@wwth 155. In some

I 471 .
omoed LG e ST VML ARI8 20 2pb 004 cons
and thb§lde@/_raﬁ§da¢ws depowiythaga widthe nkfran alyorteb( aygstromste gbout 100
angstrgms,eéd f?wl ?th%%e.c&r?’%w@lﬂ'm gg s a‘fﬂb%stsm gH ggweﬁt 5f2ﬁe Rifet Wh.
el ectrode 56 i's tornmed over Intermne | ode

[0051]st r Beterning tod 1601 @(ﬂ@@ﬁ eraterfab i AaS fdﬁpaﬁecualgd@amttomhé opening
150. Iﬁg@e '"Fgéﬁ%{gj(ﬂ%n%hts aﬂ SBQII ﬁHgég'oﬁEﬁmgﬂc =D d1|ulg)t1§j 'é?p(ils%d along
the boéqmmﬂoeemmnﬁo [@@48@; sEeaaDaterial is dysnersagigimegtlyeoraauoh upper surface

f ] [ - i

of the Bt SEa PRy RO Ady b aFE Ry RIRY: Sefpd Bfecty againe
the sideg s insuletiveomaled®@ 26 shown at a processing stage in
[0052]Whl ?ll?é Qéé& r%ta’ce\ﬁ%l rrﬁ% B% e@ctr%?ally} éorfc@ﬁ%dggé( b1%$ %xéﬁh&le be

is patterned ave opening 1 Yend I'ng
metal- @M@atetﬂ@rmghwsws ayer as;ﬁorrﬁaqaérrpulcaInam<5c2y$thSfo@rrWédme@ne@s more of

r

pIatmdnﬁ'%K@L@é?s Qﬁ%gtdé) Fa%a@%ﬂﬂ thltf' ég%r?? é@gl r%xﬁrr%plulrnp esl"cpjTEThe term
"nanociyglalacisorsgn rﬁ\greyn tqwr_@fam@ éWﬁ@I”lnﬁ'ﬁlyat@fdﬁhﬁ@lﬂ@e palnyrystallme or
mono&%f?ﬁé tHaQP\gsae#ﬁﬁHuW&%sg-%@l\’)ﬂgll cﬁm%ﬁé @ﬁ b]v Bsd ﬁ’\aﬂtol? %Eual to about

nposi‘ti ons of construction nstance,
10 nam@e@nﬂ'é@ﬁ?éﬁtf@at@féﬁ' mayaonilsmfmyoewﬁtptsu geotherdM@rﬂgxmay consist of

[ [

nanocﬁé%ﬂﬁl es%%lrjé/)s I8f l;nggﬁorgl @s}: rt%rr}ogfysﬁilléo i(r)wg&'ﬁ Péb?\?trrlwgo%ér £88 material
that is fgrger than napeanestalal 152 is anlsotroplcally etched to
[0053]‘c or 'ﬁetf&ﬁn&% eid.al, & sdHc@rssHileaW@lrém%P&P @hs eﬂe%‘fﬂcaT@@onductlve

acers are along sidewalI's net er 1 al

edes’@’ps h‘tz Mé E s it pdekdp i Pgaaie M”@@Veéﬁﬁ?q@d@dwq H&) by growing
Condu&%r}héltgnal-ﬁ%% RRE MG el SRS ThE cgﬁdiﬁ‘ctl@e Friaketal Wadt@Br example,

and the insulative material Is shown to narrow
Compré‘:ﬁc@mﬁisél?ﬁsquﬁla%v efeeiornisiat i tenpsBis qf gordptivelrisleaedeiiean, carbon

and/ortﬁﬁerfdp'b%ptn*\;ﬁtnéﬂ}mglgc}{ggalanﬁctfvé ARateRa8 forded LRRARAFBERIP vapor
deposition (CVD), plasma CVD, molecular-beam epitaxy (MBE) or any other suitable
deposition technigues.

[0054] Pedestals 112, 114, 116, 118, 120 and 122 may be considered to be spaced from
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and the sidewal |l spacers 154 may have wi dths of from
about 50 angstrons to about 100 angstroms, so that the
wGaemonshoss dt h 155 is at | east about 90 per centPOF/US1989/044801

first width. [0051] Referring to FIG 16, seed

material 156 is dispersed along a bottom of opening
one a2, 20 BB T Roa Py Sl R ey etootode may
be congidaiehty @8end ayrl th%ee@@éeds ard éfpwralnw thediadpys: sed
[0055]3' r PE&% a8 18UE{Y, Hgg,eﬁa?'%?é gﬁ&ﬁé of B *%?%Fr‘e sMQr fo those of FIG,

spacers préclude the seed materi al
B, excheli thgt sfineeeftthg pagdedtals of Flie 1giate at diffeient beights yelative to others
whereg?h?erbéadesﬁT f[lggsg]arérgl?oﬁﬁgga%th%@h@l FIE8Y 6B d 17 thus ilustrate
rica conducti ve or exanp
Slmllammtallglﬁikwﬁlfmrﬁmr@ﬂmemtyst als ( such as, for exarrpl e,
an Xﬁkﬂ{ f
[OOSGEi C&g%r’ Se'g 18 d%g:glréérg?thﬂag‘léjﬁ%t%'iedw & S%Bh{%tggéjm more layers
over angdtetwaamn padestadmi 1in! 16t ¢l 6) N &H@Otaéndm22namrb@wt35§n a¢rely the second
e t
electréﬁsﬁ ﬂ)éﬁgicfrhﬁdl cﬁlgF @Eeﬁﬁwgﬁ%&%&é?é ﬁruétﬂ% ﬁt&ﬁrohﬁlgetérgi{%g%n of diode
102. Ehveo@me sievpiedapdrs of mg\edwt@dlw@g&uqthr@n1 80rrwayelqa &rmed by any suitable
memo@bﬂHLd$ QQQQ%gh%rg plhe seed material may consist of
ocrystal s er wor ds, may consi st of

[005711 anaitw yaticus| mﬁféos@éwylbed)wﬂm@femnp té E&3hanbeslyest single diodes
being '{I{Erg‘éaﬁﬁg%Edﬁ%h}ﬁgééq?gggg]re%@? ertz?fﬁ}ﬁecf I'a\ad FFISI!%@”X 5}? dlcBEIRat are
simultgprsislysomter ag pait ehavistbgraiad 0é¢tefcfabm<z%upn prasepgiutine diedes may be
part o@%ﬁé@g%s é%é%m%rgydaéagvjog)a | §C|rr%€tmol;[gﬂgoth§ g@ll’e\e/cgfe%’r@%q 20, 130 and
150 offd&&r 7 al 1 arBi8! o vesrettivelys sy heateprasahtatimhef lsgeduwelities of openings
that ar%astnﬂ[lllté'”eopgiy SPBJ%Etea)f@mhﬁealg Eélﬁ consi st

essent 1 al or consi st nano ods of ‘
[0058bonmnnexemodlﬁwés 19 peivare ¢fdhdabovendis@issed Repodiments may be

combift®! PH ihé&%ﬁéé/, tﬁé &Eéésﬁ@p&f#lé%@%?e R z%B't@#oZWEQ;BéTPQf

usi ng chem _caI vapor osli tion asma _
pedestabs elcauloser ﬂ@émeéqﬁrpéﬁw@myr@ﬁswgow&@r 14 izt agigl @ the processing

t 116,
of FIG%EEQSI b %&Putﬂ%&%% g{t g@ég?egggggsdf ﬁlélo%é?ele&tilo%e
[0059F r orﬁh@l@dﬁﬁfhﬁnew e\scaondéyge Wikl Mafmslﬁﬁmﬂdﬁf\@mig may be utilized for
e
selectﬁlgﬁ ger e \tg%log)s(?gé%‘a%\?ecﬁ%ltﬂﬁg&nb@emstSa%gagﬁé R%ﬁnd??},‘eﬁ% logic
deVICGtShetcV antegipéed ¢igUELY] copmisigugh @Jmes ey bejutgzediingy breag range of
f [ r S
electrcgﬂgse);s%@m astugg o@snef%g?@e{rﬁplé pé&c!é(gt tgregnsyfﬁ% l@eépghfglagr pee(ﬁsonal computers,
autombﬂefseﬁ@lﬁﬁtr ine¢Qifitossysianag. iaVeraftoelst-her s, whereas the
pedestals of FIG 6 are all of the sane height. FIGS
6 and 17 thus illustrate simlar but slightly
di fferent enbodi nents. [0056] | nternedi ate di ode
structure 18 is forned by deposition of one or nore
| ayers over and between pedestals 112, 114, 116, 118,
120 and 122; and subsequently the second



el ectrode 106 is fornmed over internediate di ode
structure 18 to conplete formation of diode 102. The
wWor@054980re | ayers of intermedi ate di ode str urPtT/US2008044801
may be formed by any suitable nmethod, including, for
exanpl e, ALD. [0057] The various nethods descri bed
thR|d§ference to FIGS. 7-17 show single diodes being
forme The single diodes may be representative a
| arge plurality of diodes that are sinultaneously
foroRdiAs part of an integrated circuit fabrication
process.’ The di odes may be part of, for exanple, a
menor yAanethgd of foaminggi @odd, comptisindhus, the single
opent n?)‘cl‘mi]r\?%c/)a flrgg’gle@%elrﬁegt c% rfﬂs@ongo A’\I%r@&gctﬁéally conductive
respec representative
pedespﬂlsueabmdln@spwﬂrd}pfmm ragﬁladtrmallxac@ﬂ@cma b@eeaalgloye or more pedestals
havmggt#gj gl?fgggsr taRd 'h99| gs%l%n%vaggg a?c% 'eQ%g&gqgj%igﬂﬁrbaigq@the top surfaces;
enbodi dmﬂsglngeqnetm nmjaﬂﬂmedacrgmthen@m auréaee anlddhe sidewall surfaces
[ GS. 7-9 may be utilized to forma pair
mWheBFS%?aﬁ>{g?&£n{la | ower diode el ectrode, and the
pr ocestqrmgwgcﬁ s@oB8.eleklrod@ owgrdyagt oneher rpor@dews regndof
FI GS. t [
of t heavﬁgi\]/\e/gr} mgﬁlé%{té#éod%sg[ 5%%%%{% dde %% For ms%é&?dd% together
form aagicotude tice cmmduq:tsxarrr&mmsewodmmt @ndme;wbé elgctrbflesehen voltage of
one p&glrit ‘?’;Ji[?ﬁiltetl\{g k%hﬁ&%{%ﬁ‘é'd?]g N b %dﬂe‘?\gﬁdg\k Bgtm%eEQHé FH’S’[ and
conﬁone S, such as nenmory cells, To devi ces,
seconti efesfyodeedhen valtagempvingrappdiaitn gpisestia t@i S@Id@@ermiarlbes applied to the
SnwﬁM£|I|zed in a broad range of electronic systenms, such
as, for exanple, clocks, televisions, cell phones,
personal conputers, autonDblles |ndustr|al contro
st ' d
o or AP SGRS é'am?i%vr?g%@.*”r%dérfe‘éﬁéh@ o drnp TR
Compraeeatwmldéaﬁelndﬁp@tﬂm ises one or nore electrically
conducti ve pedestal s extendi ng upwardly from an
el ectrically conductive base; said one or nore
padest ahe ntedivachef daip swuhérainebe feiminghiheifirg) edctied@mbomprises:
S { ac et S AL ARG PASINL BickliRah P RER RIS,
deposi ting “one or nore layers across e ‘top surface
and t hpattdrdiegein opsninbdeaexisnds N@romtf@rmmtefe material to the
ebcﬂ@ﬁﬂ@ﬁ%éh&we&%&glng a second el ectrode over said one or
nore layers; and wherein the first el ectrode, one or
nmor e | tyieg the @nmlr@ewﬁh@!e@tn@ajm/rc@déuthgémeﬁ@nralfaﬂdm a
struct Héil?er ?tthé: mﬂ%ﬁfﬁéaﬁ LGOAE o %V@%rbrtrn&efdeﬁééta@nd
second” el ect rodes en vo tage of one polarity Is
applied to the structure, and that inhibits current
fhow bﬂe“ﬁ%o& %?clfclirﬁ $ twHaRsdh ﬁ%cfgﬁﬁlnﬁlﬂ?é:ﬁrﬁf)%@étrd/&é%mprises
vol tage having a polarity opposite’to said one
growingolhgrongpr more ppdiestals reertthe base.

5. The method of claim 1 wherein the one or more pedestals are a same

composition as the base.

6. The method of claim 1 wherein the one or more pedestals comprise at least

one composition that is not comprised by the base.
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structure. 2. The nmethod of claim1l wherein the
depositing the one or nore | ayers conprises atomc

wo a0pensgeposition. 3. The nmethod of claiml wheCEUS20091@14801
formng the first el ectrode conprises: formng an
insulative material across the electrically conductive

b;’zlse Tﬁ’l@trﬁ&ﬁ&i B84 PWIE\B J}gt r@’]te cﬁ)ﬁﬁcﬁP qjaileg‘ J‘e% MedsPvo layers.
insulative materital tot ectrlc y ‘conducti ve
base; lining the opening mnth el ectrically conductive

TR er i@tk BAULRT DA el di A% B1B oAl a kel oGyer.

the one or nore pede he net’hod laim
V\,hereln the formng the first el ectrode conprises

Omnnﬂrﬁ%ﬁ%fgﬁbﬂﬁng%Qﬁ% gﬁbﬁ%ﬁgover t he base. 5.

e nmet ho cla rern the”one or nore
pedest Wryingragfirat gactrodedavgiani unvuiading kepolgeapdy, e umiHelating
h - [ it .
opoo JEARRAgly Fidhck MIRLEAG G081 MafatalRe bong
above dlgrpmiesesliriagetiyer disigecel. The net hod of claim 1 wherein

the ongo Brnmp%ehgéfvﬁ{eq?or?er & 5re I%?esn‘g af:rwgs {r%yﬁ{dﬁlatlﬁ%ﬁoygﬁraphy,

nmet hod cI a e one or nore | ayers
the one i ynase {ayleaa)/teg_ethgr_ hayingea Hmj(ngss that isiless thanl poemual to about 10% of
gggrlsing formng a first electrode having an
the QIISCEn ufl ating topography, the undul ating topography
conpr i Birmpga sepped elestipfaoersai @nemrgheretlaw faade; the

hi ghes{, siff @ Gﬁré?%?e'lggoglg%\ﬁ% dr! rle%% andd’s @6}]% e?é(ct?bde together

di st ance; con orma ositin or nore
form azatruoke tHae o@mvumsmurwgt tr@pd@qe é\r@hylecwm tortee eqaoqmdneéectrode when a

first vdg?éjg gsﬁ%ﬁpﬂgg LB8ks E}%\fgg}%or?i Jlab ek Ql%éﬁ‘ocﬁe%ag?dl hat ﬁ'ﬁﬁ)ltg RaRent from

abou the distance;
flowings tromrtle epeaytcraleliroge do thediret aieriroge Whene $e&5»e®l yoltemohavmg a

polaritg’{égéﬁ%ﬁ tf) Egat didrl ?Bf RE R (8iie 19B6pIRY AERIR thé‘VPs'E élec@&% and the

e t oget orma structure
second elegtiods current fron1the first electrode to the
second el ectrode when a first voltage is applied
across the first and second el ectrodes, and that
i hhi bi Tke mgthasiaf claino® wheyainripe farmina the fiss etegtiode comprises:

el ectr R)%I Qogoant e]gct]rcléeﬁlgtcoﬁé@c@l(/e Pr%?e V%jgveraan%ignﬁl‘%@% é(g?el inR9R

havi ng osite to a arit rst
eleCtrlQajllytOQgéUQ’fB'e@pﬁ$|8éd across the fi rst el ectrode and the

secondy@h gk O@ERctrically conductive material to form the electrically conductive

material into at least one projection that extends upwardly from the base.

11. The method of claim 10 further comprising:
forming a patterned insulative material over the base, the patterned insulative
material having at least one opening extending therethrough to the base;
forming the electrically conductive material as a liner within the at least one
opening; and
wherein the etching comprises anisotropically etching the liner to form the at

least one projection.
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10. The nmethod of claim9 wherein the formng the
first electrode conprises: formng an electrically
weonndassye material over and directly agai nstPEERUS2009/044801
electrically conductive base; and etching the
electrically conductive material to formthe
ct rical, aufrh i i i
i3 colron o Sre R e oo ey Bad A5G
compriies ansstnheeoropositicni as the baset her conprising: forning a
patterned insul ative material over the base, the
patterned insulative material having at |east one
openi nfheexetwdionhglainhép etereiugie ¢lectti¢ally isasductive meiteripl
terial as a liner within
Comp¢%géi@ﬁ§eas§§@&§”%ggﬁ%ﬁg%%%sgamhere|n the etching
conpri ses ani sotropl caI Iy etching the Iiner to form
t at
oG m TETREn AT PR FhbeR b g AR TRl fa bompyise:
conpri sing asmr@nmrrb@tswe@h thre:)uglhen m@tlvaﬁwataﬂaéand to an
eleotrigﬁ[yrb%gdﬁ&lv%lb%'s@ 10 wherein the electrically conductive
naterital conpri'ses a different conposition fromthe
base. fotmintha least hoel sidbwell apaned alshgsisiematihef theopenigg to narrow
f I r t I.ng. t hat
the opklifig; e Hae S bERY ANBELIRA) & BBio ol W brAhcRRERNRS:
el ectr d@aerlsmgcﬁmdmtew alsmgdhe bolterh nfthatnarewst opaeing; and
si dewa
e ouP R f e Tl Ot ah S BNEL B u REod R FRAM Boddiols being
spacef dorrpaneanather trya\taﬂ@we@h&)mlai@g tepagpenhyi extenslngcacross the pedestals
and vAlRtgrial along the bottom of the narrowed opening; and
grow ng pedestals fromthe dispersed seed materia
t he pedestal s bei ng spaced from one anot her by

l e |
UBe poieshafo BEHREL 1 FAnERADHeblr o] (Rl Bte ﬁﬁgﬁfﬁﬁ o
nanocségligienseele. di sper sed seed material consists of
nanocrystalline seeds. 16. The nethod of claim 14

further conprising renoving the at |east one sidewall
spécerThefmethod ok plaims | hfyrties copritsimatesnavirlg, the 2t lefikeone sidewall

; ' /N the conformally depositing
spaoe%&ﬁﬁ?lﬁ%regge%dméﬁél.

17.  The method of claim 9 wherein the conformally depositing the one or more

layers comprises atomic layer deposition.
18. The method of claim 9 wherein the distance is at least about 50 nanometers.

19. The method of claim 18 wherein the thickness is from about 1 nanometer to

about 4 nanometers.
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| ayers conprises atomi c |ayer deposition. 18. The
nmet hod of claim9 wherein the distance is at | east
wW@bwatsH68s5 nanoneters. 19 . The nmet hod of cl ai nPABUS2009/044801
wherein the thickness is fromabout 1 nanoneter to
about 4 nanoneters.20. A nethod of form ng a diode,
COPT | Al hithod Of Bififlod dibd feofpAGhgode that compri ses
two or nore projections extendi ng upwardly from a _
base; &ainthgm iskelectonss thal srygnisas b o wateoprejeatitsextending
f
upwardf fim 2FRSE, &&Z%%%@P%%ﬁ%w@ﬁsioﬁ* P AL G S gne ge that
extenct&t@jaémnp@nsum aithehbaset he at | east one gap; forming a
second ;
wher ei % {sﬂn{gl y %toqg‘r?cfergil"éyg jg’&gsso{heﬁﬁgctloﬂ%ﬁ%r/@wﬂﬂﬂﬂha at least one
gap; second el ectrode together forma structure that
conducts
el ectr ode%g%oog%iéa&ﬂga%w%n%d%e mﬂo@qgﬁ?gpﬁ led to
t he st wbeteir tae fam@ladtraﬂe,u s mlm@edauar@mwdfsbmmmdem together
¢ .
form ap%ﬁjgﬂr% )ﬁﬁa(t) %g@%@?ﬁ&{?%ngg%egﬁgﬁesﬂr%% é/éaokagﬁecpgéf%ﬁ?h& voltage of
one palarty 3 apmied ﬂ@thezstmctwm@ndﬁhatomblfs wrmntﬁl@@ bah@eelthe titstand
: Qr.m L .
secon I B8et ek e S TREASES, oA MBdy b appled o e
Structtpatter ned i nsulative material having at |east one
openi ng extendi ng therethrough to the base; form ng
el ectrically conductive material within the at |east
oAb opéhe ﬁgethwmf ciairoEOnghareie tee taeminigdhe fisst eleatlode taraprises:

mat er ' g% Bét{grﬁ%ﬁm U|8il\%cl’t05%ﬂal' ?V%?the-r%%ect Eg%ﬂemed insulative

claim ereint ormn rst
materiebrrvmm%@tsieasﬁ @neiopgniag Qaﬂ@ﬂélﬂl g dlobrthsaugattd Ve pasteer i al

over ! RmhRifaqhAy BBARADE heh DB AR, HPLELIAL cpening: anc

havi ng at [east openi ng exten erethrou

t he bas@h!n@dhﬁﬁi@gtrlealé/cqqndu@tiweynaiewa@fqrv@hﬁm%@qt@hsas
aliner within the at | east one opening; and etching

the liner to formthe projections. 23. The nethod of

c®2i m 2be wisthasi ¢f cldire 200vhareiy thetormingdhe éist elecode comprises:

conpr i Rffming ?Qié?tg?cﬁﬂsggﬁ\@ rﬂﬁte‘i Elaéve?ﬁ# SAdE R t%%?hﬁe@ nsulative

i nsul ati1ve rra eri ase, ormn
materighleavéidaiviedst ogp@@@mmguemﬁ@gdlggd@ﬁaﬂhrcslgbﬂomeebaﬁ@em ng to

narT OWorming electrically conductive material as a liner within the at least one
opening; and

etching the liner to form the projections.

23. The method of claim 20 wherein the forming the first electrode comprises:
etching an opening that extends through an insulative material and to the
base;
forming at least one sidewall spacer along sidewalls of the opening to narrow
the opening, the base being exposed along a bottom of the narrowed opening;
dispersing seed material along the bottom of the narrowed opening; and

growing pedestals from the dispersed seed material.
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t he opening, the base being exposed al ong a bottom of
t he narrowed openi ng; dispersing seed material al ong
wao b@ohssdm of the narrowed openi ng; and gr ow PQI/US2009/044801
pedestal s fromthe dispersed seed material.24. A
di ode, conprising: a first electrode that conprises at

| sast angopedssbalingxt endi ng upwardly froma base;
said at |east one pedestal having a top surface, and

havi ngadireelestpde Hef aermBrissta inashend pedastalexisagaggwardly from a
base; 658 att RRsBHd @é‘d:ésta@ﬂgv@%i 2T Sk RUEE R RAIRPSidb AN §BRces extending

surface and si de surfaces of the at |east one

from tirebBassa iglthe topsute68 el ectrode over said one or nore
layer syn@Bpmshengsa ﬁtch%sfthé? &o s%hﬁ@%é@cﬁjﬁve A s UPBESS of the at
| ayers, and second ectrode together torma structure

least Qﬂ@rﬁqd@aﬁﬁéd to conduct current between the first and

second %bs&ﬁiagaﬁodedmr ¥thoﬂ8%r ﬁToré’ geﬂ%"é ity is

appllea to the structure, and configured to
i nhi bi whetginr @ﬁtflwtle&ﬂmr@demmrtrh@eﬁwess a@ﬁ@eg@%ﬁactrode together

form a X alﬁ%M r8 GSﬁ‘fl tovc%lnB@&ech'@Mﬂ Cﬁ&v&@?rﬁmleamétta\ﬁd%e% él@ot?cﬁjes when

one pO ari I'S app e structure
voltaggiobdee platiyas ﬁmwd\m dreestructuie, andehalris gpnfigupeciiednkibis current flow

betwe8h @n@hé\aé‘ﬁ]er B'F?&’%fetcfr&ﬁbsé\ﬁhérh\?oltg ‘Fnawg Mltﬁ%@;ﬁ%lt@“to said one

claim 2 el n the one or pe e s co
polarity ésaappliefiéo therfdivsiwe.on t hat |s not corrprl sed by the
base. 27. The di ode of claim?24 wherein the one or
nore |ayers are at |east two |ayers. 28. The di ode of
ckai m 2he disde i alainmg4 gherain thepine rayeePedpaialsiirg agaene

compd<¥ff as tR8 babs di 0de, conprising: a first electrode
avi ng an undulatlng t opogr aphy, the undul ati ng
t opography conprising a | owest surface and a hi ghest

Sé'éf aCfhe cﬁl&?e 5‘[‘ Ghes3a wHELRCERe RRL BE n%pé)h{@déslﬂﬁs E&Wﬁﬁe at least one

surface by a distance; one or nore |ayers across
Compwﬁumﬂhﬁmﬁgot@%@gﬁﬁéﬁvthQh@*bne or more |ayers together

having a thickness that is |less than or equal to about

10% of the distance; a second el ectrode over said one

of7 mor el digds of: claimdAnaereinihe Rae pr mere Byestare @eleastiwo layers.

or nore layers, and second el ectrode together forma

structure that is configured to conduct current from

t % fiThardigdeefqlaitne24 whei the @BRAr BIOK layeigaraRely oge layer.

first voltage is applied across the first and second

el ectrodes, and that is
29. A diode, comprising:

a first electrode having an undulating topography, the undulating topography
comprising a lowest surface and a highest surface; the highest surface being above the lowest
surface by a distance;

one or more layers across the undulating topography, the one or more layers
together having a thickness that is less than or equal to about 10% of the distance;

a second electrode over said one or more layers; and

wherein the first electrode, one or more layers, and second electrode together
form a structure that is configured to conduct current from the first electrode to the second
electrode when a first voltage is applied across the first and second electrodes, and that is

configured to inhibit current from flowing from the second electrode to the first electrode when
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configured to inhibit current fromflowng fromthe
second el ectrode to the first el ectrode whena second
wa elohagw3having a polarity opposite to a pol arPeUsf009/044801
the first voltage is applied across the first
el ectrode and the second el ectrode. 30. The di ode of
2 s R B oo TP Y S R Ru e [Pl across
the f"%irekfﬁﬁﬁoéelaasiéh%s%ﬁoéd 6ificfodme | ayer. 32. The diode of
claim 29 wherein the distance is at |east about 50
nanometers. 33. The diode of claim 32 wherein the
t BP.cknBysdipde P @aimadfburhereimiinemetos mare laypisuare 4t least two layers.
nanoneters. 34. A diode, conprising: a first electrode
that conprises two or nore projections extending
upivar dlie dipderphclaias?d wheaieth thednedr imsiie ldyeisrye Spacwe layer.
fromone another by at | east one gap that extends to
an upper surface of the base; one or nore | ayers
ag?-ossThendiogr of dai hwherein e dittancelie ableastedott Fheanometers.
gap; a second el ectrode over said one or nore | ayers;
and wherein the first electrode, one or nore |ayers,
afd sedwndiods elctlaigd woereirhibe thigknesa issitarneboutel Ranpmeiter to about
4 nan&RBflgured to conduct current between the first and
second el ectrodes when voltage of one polarity is
applied to the structure, and that is configured to
iﬁglblhcﬁﬂﬁ;%ghpfgg between the first and second
ectrodes when voltage having a polarity opposite to
sai d ondryielasipey thas capplisasgwe e fMiege stajentions extegsng Fawardly from
[
a basdi s%%gprg%ﬁgér?oﬁn%ﬁ?q%&gﬁ Wg@w c%r%gargg@eer%'y émé'a% %’{g%pg{eh'ag?ﬁends to an
Umxﬁéué@ﬂi®4hﬂﬁé$%ln the one or nore prOJectlons conpri se
at |ea [
Pase. - O o e Bl o R URE 4t o
mor e Ia%@@@ﬂb@@déﬁmﬂéﬁéﬁwﬂﬁbepayé¥%kws®,amhe di ode of
cl ai m gfeMhiefhgifstiienBBE, e SPh&re AR 2n8'BcAHY YMe@Rfie together

| ayer.
form a structure that is configured to conduct current between the first and second electrodes

when voltage of one polarity is applied to the structure, and that is configured to inhibit current
flow between the first and second electrodes when voltage having a polarity opposite to said

one polarity is applied to the structure.

35. The diode of claim 34 wherein the one or more projections are a same

composition as the base.

36. The diode of claim 34 wherein the one or more projections comprise at least one

composition that is not comprised by the base.
37. The diode of claim 34 wherein the one or more layers are at least two layers.

38.  The diode of claim 34 wherein the one or more layers are only one layer.
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