METHODS OF MAKI NG CAPACI TORS, DRAM ARRAYS AND ELECTRONI C SYSTEMS TECHNI CAL
FI ELD [ 0001] Met hods of naking capacitors, DRAM arrays and el ectronic

syst ens. \BOCKEROLMD [ 0002] Support materials nay be for meu/use@9/ 050863

sem conductor material and utilized for fabrication of integrated circuit

conponents. | I S r erial is silicon dioxide. The
silicon di ox|'\8€'P'§ré9éb(é¥m&&ggggﬁgﬁgeﬁbmﬁﬁﬁﬁvﬁ gHQ BEGHR@NYE
phosphorus, boron and fluorine (for swstEmSe, the silicon dioxide may be in
the form of borophosphosilicate glass). [0004] One nethod of utilizing
support material is to formcapacitors for dynam c random access nenory

(DRAM . Op@gHNgsAresiEbe formed in the support material, and then one or
nore structyr be fabricated hy depositing material within the

openi ngs. bép?ﬁxg%f@,ds gﬁ%i”ﬁé’@pgﬂ Mé&rﬁ’%?n%?'ﬁiﬁé@@c RSHRES may be
formed by depositing a |layer of titaniumnitride to partially fill openings

in a suppart §UN$ Subsequently, the support material may be renoved,
and t hen M‘%‘ el ectric and capacitor plate material nay be deposited

wi t hi n andjomoepndstisoreinatetiglt MAdesdkBel 0V LARas delor FRRST Hed LGRsd [ 0005]
Silicon dio I%a]h,ave several di sadvantages as a support material. For

ide ma
i nst ance, f?{gg@r&aﬁp Bredsatrd CErHIROsIACHE fay be conplicated due to a dry

etch of sijooosp dhaygicte shgpbrn@ateribBs RcohviBkiBal TREERESEAbXiGE Ajly Hes, 1t may
be nore |Ik§ Fgert;%/smal sput t rl_n% than |li ke a chem cal etch}. The sputtering
nature may"ePREEE & By e p?g"‘i'tﬁ 06CAMARGT BNASPPaiUgHROrpR 81§ fleortiedis t he et ch

may exhi biidstéhdeathersilcon emxeandy béatthe ddinl Gadréghosphiciieartyigdpfi | e. [0006]
hods of wutilizing support nmaterials for

It is desi f‘?%g ]to @evel OE ({1ew .gE.t I .
fabri cati offP8f] ni OPEEIELRY CrHlItZ18g FyRRATBRICTIRiAR FE-OBRSERAEHPISORI Exnartie
DRAW NGS [&d7) addee®mendry RDRARN) AQHhaRiBs hfay berfossedinGhd afortth&eBalOhndh
portion ofh a sen conduct or const éu?t ion at various process stages of an
enbodi ment"®"] GEHEMEPEPOIUESSINBY §F rARRIH OV\ACBAPBIY BASHRDUTER nbodi nent .
[0009] FI Gpefings Portuxagipld]icagtmar-shapddepRaitdristhgd ndRat MagHedbrmidity
nmot her board of the FIG 7 Corrput.gr enbochl 'ant' o .
depositing a layer of titanium nitride to partially fill openings in a support material.
Subsequently, the support material may be removed, and then capacitor dielectric and
capacitor plate material may be deposited within and around the storage nodes to form
capacitor constructions.

[0005] Silicon dioxide may have several disadvantages as a support material. For
instance, patterning of silicon dioxide may be complicated due to a dry etch of silicon
dioxide having a large physical component (that is, it may be more like physical
sputtering than like a chemical etch). The sputtering nature may create difficulty in
obtaining a straight profile since the etch may exhibit a lateral component that can lead
to a tapered profile.

[0006] It is desired to develop new methods of utilizing support materials for

fabrication of microelectronic structures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIGS. 1-6 are diagrammatic, cross-sectional views of a portion of a
semiconductor construction at various process stages of an embodiment.

[0008] FIG.7 is a diagrammatic view of a computer embodiment.

[0009] FIG. 8 is a block diagram showing particular features of the motherboard of
the FIG. 7 computer embodiment.

[0010] FIG. 9 is a high level block diagram of an electronic system embodiment.
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[0010] FIG 9 is a high |evel block diagramof an electronic system
enbodi nent.[001 1] FIG 10 is a sinplified block diagramof a nenory device
enbodi nernwo 2DEBIAPIsED DESCRI PTI ON OF THE | LLUSTRATED ENVBEDITNIShS/05@3612] As
the level of integration continues to increase in integrated circuitry,

i ncreasing the smaller dinensions. One

Cype. of colBREntF G103 8aTTHTPAPEGH SEGEA RS £ (irpg Aevise RPRHTED:.

Capacitors nmay serve nunerous roles, with a common role being utilization

as charge r Vi f [0 itors are becom ng
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Current capacitor dinensions, are approaching the limts attainable by
Sonvent | oRECTRRECRREPRENS AffIoTnSd 1) HEAs iR s Helrs KBRS CSECHRT flg. 50
that capaebinpbsertayiliRel i6 Gabgetcddirctiey &as cagH ol NCARRRodimBNSens. [0014] In
sonme enbodi nents, the jnvention described herein pertains to new processing
for form AYTEEPECPESr Wi A CRRMAR role kNG PliZRUGNRS Gheree slP@dsAleviernat within a
car bon- comriwi ng support naterial. The carbon-containing support materi al
may provi (rj]@ a vanﬁg es over silicon dioxide-contajning support material s.
For instanl@813] ¢ WHersAE depraRgiiRuragieply &ilEgr thipinge effort 1 iegHerithspeni ngs

Wi t hin cardmyirt @nindivitivabcAi4eReTs L artRtherdbitlcohditte bémwardidihiechiespatt ern such
openings in silicon_ dioxi e-contalnln% materjial. In sone enbodinents, sone

prior art 968 CARECHRLAIBENSIPISAIP APREPACEINT AR Mibt *AMRRIRIDY B9NveRTieNaat i on of

car bon- coptatieBsiRg, HidnPiedes i@ @rde@blor)mﬂﬁo&é!@in@réthat&faba@fdP@H%Sﬂ'bet hat may
be all evi atéd or. Erev.en ed are Igrob ens known in the art as twisting, and
|

probl ens SSABLIAPEGARNEY B HPRESA"St rai ght profile al ong sidewal Is of an

etched opeoong) [1BQbble &apsmmesenthaiimnichbos HERAHED RBIRT hdtandR@URwoeen

described in U S Bf?tent %g) | jcation serial nunber 11/971 ,138 for

utilizati BPPRS'PABY T YIS S Whivarsiydsiyee capaciipisqt e Pattgiepd With® &one

di stinct dafbaiceneasndeippeermitbeall abeicamionWbneinit®BlgonahhiRg Bapaci tors

and stud-t%/ e capacjtors that n%L/ﬂ be taken adv&}%&ge of when utilizing
feer

car bon- coRtA95 328 @gRS PYE" ride-cantpinipgrau pigERPs FeeBsiansedt her ei n

pertain t maytdd martpractical toysebrrashepatp@rmed bpEnihGS ke earbbRoftaffidpe node
i rown. from.an el ectrical node

material of a stud-type capacjtor may be ¥ €C |

exposed wPtIE BRCIRLRRRE N CHO e HrUREL TN RER g8 dhplbeen dita Pellanigs her

t han deposidt@thl omedontdhembodipents, sarhebtial art gloBRmd Mgy Be aRdVidI8d NH Negd to

remove st Blre%gr?teg?gf utﬂggt%ri gfl cafrbro(l)qr-rc]:o%\{ae;rr]iné ggppsolfp rggtretrialr.m&n%rimgatlh’e prior art
problems that may be alleviated or prevented are problems known in the art as twisting,
and problems associated with obtaining a straight profile along sidewalls of an etched
opening.

[0015]  Carbon-containing support materials have been described in U.S. patent
application serial number 11/971,138 for utilization in fabrication of container-type
capacitors. There are some distinct differences between the fabrication of container-
type capacitors and stud-type capacitors that may be taken advantage of when utilizing
carbon-containing support materials, and some embodiments described herein pertain
to utilization of such advantages. For instance, the storage node material of a stud-type
capacitor may be grown from an electrical node exposed within an opening in a carbon-
containing support material, rather than deposited over the support material. Thus,
there can be no need to remove storage node material from over the support material,
which can allow etching and/or planarization steps to be omitted. Avoidance of etching

and/or planarization eliminates process steps, which can improve throughput of a



whi ch can all ow etching and/or planarization steps to be omtted. Avoi dance
of etching and/or planarization elimnates process steps, which can inprove
t hr oughpuwoahioafigdasi cat i on process, reduce opportunitie®Crars2ewnsss3in t he

process, and ultimately reduce costs associated with the process. [0016] An

exanpl e ephodi pent process for izing a car cont ai ort
mmrori ol - HUTCRET BigPr Satebie SrratunieRy Boe R T Py Sors Sbifinaieh ahvee
referencecbﬁsléls%médﬁuth[tl@@ﬂr?)]:eé.’sl G 1 shows a portion of a sem conductor
constructi 1 é sem co uct or constructjiqn includes a substrate 12
supporti ng[(6 %;lour rlwe@mgl‘ee &W‘?rgéﬂro‘?‘?éﬁé%r Ufiizing g caipenoentadfipg BYRRCE 12 can
conpri se, meodsil sitripReritatinl of stid-tyes canabstis 8éscribed wak asBldce to FIGS.
m)nocryst iécl ne silicon lightly-doped with background p-type dopant. The
terns onductive substrate" and "sem conductor substrate" nean any

CO“StrUCt'[001¢Pnprli@i1r®oaerammu@ftdy@mearﬁcﬁrc'toalconétn@hwhogTh@ut not limted
to, bulk sem coaﬁ%cti ve er| s a sem conductive wafer (either
al one or PRATCEBERBPT ELSEY Pl'%(i%ge ﬁ&s”ﬁﬁ@?%pgr@ﬁ@r@w&jny %4 flpctrical

sem conduabuesm Aveitsedrided 8. | Suketrate( € &d}ﬁéorﬁér@@ecc@fsuslt BsFFENDI SSconaRPsi Si ng
ot her rials The ter fers any supporting structure,

i ncl ud| ng! Ort‘?ﬁf"m)ﬁlﬁ rqqnﬁ]cr[ygfgﬁlpg SH’P% %*3%‘198%&"@9*\?@"@8% APeIP88L r ihsed

above. Thersgbsémrbedutiye b@bdﬁl@t@%ﬂe%mbcoﬁcﬂudm)éuﬁgt@él ﬁl@aNahy @éﬁstﬂu@ﬂ/&f s and
materials associated. with inte r%éx circuit f rlcatlonp%% El ectri cal
Age icp

nodes 14, °3'6PaHaY i%“i?ﬁg)d%%%m =L luding. it BORited gy Ruilk H¥Re, the

nodes maynmrrae@@mmobsta)s@ﬁ.ndmmcw@bvwed@mfér aRgE @nm ﬁse@mbﬁ&ﬂé&ﬁb’r&‘ir@ l'ine
substrat e. nts, the conducti vel i ons, may be

enbodi
ei t her n- Pg/hﬁé"?klerk?lstw]%eoﬁg‘%@fjlst?ﬂ}" G HE Ve Matg g yeé?r&bta?rrr%g’i‘%or 'Bne or nore
of the nod&nimes]:ﬁrr@ﬂdm@t&thmyne@érml Jeen@&hlsubghde’ n@iér@ﬂférﬁﬁsﬂ@'ﬂ@rt%g a
o L8 R AR T AR B it gy
met al (folhé ee!bamemalylbfeaamw@ené@ums)t gy comptisdvdfiouelisycts an®imaterilst i de
(for |nstance tw Zf and. netal suicide (for instance, titanium
sui ci de). ?5?1‘39 rﬁt?ﬂtcércu' BEEA90 ri cal nodes 14, 16 and 18 may

corres ponc[oooe]pol §isttritalondeo Nt a@ shdoes wag orbhes a@;emﬁerédﬁéfeﬂélsd%i ces (not
shown). For_ ins

nce e nodes 14 ndg 18 na e the tops of ,
ol yo | | cORABIT1 P ouss oy EoN G g RnGE Lo S| OIorF B6R TRICHFEIRRY e
spaced fr subsomaee. anGubleembypdidiegid, the dftﬁﬁju(:n@ly @&p@m)sglow%?]be/énﬁup@wp%
materi al 2Op Ityspeor%lgjgnty o%ted aFn ot%er’ er%odlrlngntgvgnre (grhn%oﬁalo (t:tger }ug: es 1910(118 and
18 may comprise metal, and may correspond to a metal-containing pedestal supported
by substrate 12. The metal may be in any suitable form; and may, for example,
comprise one or more of elemental metal (for instance, titanium, tungsten, platinum,
etc.), metal nitride (for instance, titanium nitride), and metal silicide (for instance,
titanium silicide). In some embodiments, the electrical nodes 14, 16 and 18 may
correspond to polysilicon contacts between other semiconductor devices (not shown).
For instance, the nodes 14, 16 and 18 may be the tops of polysilicon pillars, and at least
some of such polysilicon pillars may be spaced from one another by digit lines (not
shown).
[0019] A support material 20 is over substrate 12, and is over the electrical nodes
14, 16 and 18. The support material may be a carbon-containing material. Support
material 20 can comprise a single homogeneous layer (as shown), multiple layers of a
single homogeneous material, or multiple layers of differing composition and/or physical
properties. Support material 20 can comprise, consist essentially of, or consist of one or

more electrically insulative and/or electrically conductive materials. In particular, support
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14, 16 and 18. The support material may be a carbon-containing material.
Support material 20 can conprise a single honogeneous |ayer (as shown),
mul ti pl e wayermiefs3a si ngl e honogeneous material, or nulPCirpiSeodomayesess of
differing corrposi tion and/ or physi cal properties. Support material 20 can
conpri se, nsi %b esse or consi st of re electrically

i nsul ati vén fieg r’g?ye%qrﬁ? 83} ?é?St(%)n?fﬁg’fci RRICTRI (&%) aﬂaébonr ﬁN Pt 20 gigp ggrbon

suppor t mahetyi ed siB@bleefgr eithet &isolagive beﬁﬁtduaﬁl/eahﬁﬂéhﬁlsp@hQﬂ@i cdrBéVgor@ftbon.
While 20 atI(Vﬁ car ei ther insul ative or conductive

: ﬁ n.may be suitaﬁl e f
mat er i al s e OGP R BERe AR MG ieReBrioe BeR Be spertie e
conduct i vraoyrse@lmrm;adn mige cmmftelmtr&p&ﬁbcﬁndacﬂm ®hicAbls, SQPPDAAHABEAIYO rhay t he

case of electric uct,i ve ter rt material 20 nay contain
case of ChgSal kil S8 USkive dTRLSL & 5r, SUPPOLI TELE L2l 20, TRy contal

mat eri al s mesempgrsmpgm fraitetlal 20 rag)conRM &l Badtb0l€RALDarish. at % car bon. [ 0020]
n the f an electrically conductive

The carbon be ril of

car bon bacﬁ?ggﬁle B ?/ﬁ%r on yfeh%fﬁ?%ﬁb'rn%ﬁfcﬁ@rﬂfér”rﬁ'?fé”cﬁ”}’PE%HL@t'b%E@(B%e

pol yner . Ahtl{mimgrpowmeersod a m@tr@od@mkb@mgmmglsmgre BER¥b&R diyher Aleagrkically
conductive_ or.. el eEt ricall éy' nsul ati ve, 8genera such polynmers are

el ect ri caF1§ S iGS PaFiPRS PRYMEE dia¥ Ryl ﬁ'@CtﬁB‘i"Vr?Qf‘gucd'r"é ok RFHICRBNt ai ni ng as

much as Sﬁwsata%@egémrallybuth pbli0breodre oldtsitady ink@latild) 0Rildatd BatdtRnease where
support material 2Q is ele tricall Bﬁonductrve feature chargi ng may be

reduced. Rglygrelr%grlﬂ NOVREL aé'};\”g an ap A4 CaRAe AL ‘ﬁh'C'@F‘é?d'F%W?té"erray be

reduced, a@ddeepsimghé besem/b@rb%lmﬁpm HWE@EO fsaélécﬁrrétﬂlp%ﬂﬁl@jﬂtlv@tfééluﬂﬁd
tw sting. Reduction of ure char one especially

i gni 1 APV EHE TGRS [RERT. ASAEo oY D ey oﬁ?éfﬁr@?e@@@varﬁ@%e@wew

mat eri al Eé)juosdedcemgsmgathbyoromé atasp@ct @M@ﬂe@é}@éﬁheﬁ:ﬁ@hu&@rsﬁhﬁr ging is not
mat er i rovi.de ot he enefits

necessari L:% retdouce% uch ‘?‘f" al s rr%é
descri bed RAFER © %5?}0 §[ﬁ$’§£ S RAYRGCRMeAFPRESH Rignifant fos MIdRsSPEFt ani um
and/ or si latodsatuildse Isithd caze wikye beppguH rlﬂfafehthO 8 elderichy Msahtivd)@ven
hydrocar bgn- cgq aﬁbrnr 2% silicate backblon%f E] Al ter natjvely, the
silicon FHYSNOFPREYY PP essvaaty ?lnsé‘ﬁ FHPPYt ma&%ﬁlsnra?fy PEeVidR t he
form of owihdebensths désaibed hawid.ative, or in other forms, which may be
insul ativ %uctr ve. Titaniumand/ or silicon rovided to
i ncrease te[ﬂgé?]i gi ?Q%prtd?atgﬂﬁlr?g)rma%{r@ﬂ QF'“%@“T?@W%”‘X/%S'P(? i dineysiligPher wi se
exhi bi t edniay ttermmdrm;eimqae rﬁrmtofnmwum@ardorsbcbm@mmg shicaRr ackb&H o SREOr t
mat eri al 8&? ﬁ d m%rovF stne%bl | %ﬁ Og i) uent r cessi ng. An anount
of titani QRTRRHYDY 19T PICEHT AR Phar o % Pip B'H[Ib eg”{?@@rnraé’obee'f‘f ect .
[ 0023] | ntrterfermarsexrdé'ﬂaw\errcmmpm%lam@,&frl||abth%9fodﬂ§5wrﬁl©ﬁ may®eUfsuldtivedpi um the
silicon . o - , : .

conductive. Titanium and/or silicon may be provided to increase the rigidity of support

material 20 beyond the rigidity otherwise exhibited in the absence of titanium and

silicon. A more rigid support material 20 may improve stability during subsequent

processing. An amount of titanium and/or silicon may be selected to produce the

desired effect.

[0023] In the case where support material 20 does not include titanium, the silicon

might not exceed 26 at%. In the case where support material 20 does not include

silicon, the titanium might not exceed 12 at%. In the case where support material 20

includes both titanium and silicon, the titanium might not exceed 7.7 at% and silicon

might not exceed 12.5 at%.

[0024]  Support material 20 may be non-crystalline. For example, support material

20 may consist of amorphous carbon, intermediate carbon, transparent carbon, or a

combination thereof. In the context of the present document, “amorphous” carbon refers

to carbon that is not crystalline. That is, amorphous carbon includes “transparent”
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m ght not exceed 26 at% In the case where support material 20 does not
include silicon, the titanium m ght not exceed 12 at% In the case where
support maDenied19808 i ncl udes both titani um and silicon, pCmasteovamisam m ght
not exceed 7.7 at% and silicon m ght not exceed 12.5 at% [0024] Support

material 20 may b on-crystalline. For exanple, support material 20 may

consi st of°® r%ﬁ%ﬁga%ﬁ‘?rﬁ%ﬁ’fm?tma ﬁ%gr'a’t@ectara@dﬂ?re?g%ﬁﬁé?'%?ﬁe ¥sPBon, or a

combi nat i ewbitidiesedndind(fblresirepnbends ¥ chitnpr BsRSIer R eFBRINt carBBPHp&PUS”
stallin That i s, anorphous carbon

carbon refers to carbgn that |s not cr .

i ncl udes 'nPE ﬁﬁglﬂbﬁ‘gﬁ'&bg‘?%%Ol/\ﬁf"cﬂti”ﬁ'a{gg'é'aw "‘ﬁ'ﬁ‘@EY"U@éIChF‘?ﬁEﬂrEP‘F Py due to an
i ncr eased cprseaideedieiorofforsdAnpyd) dih gl gh@ndé nde (.f PWonsiarebs fhgnds per
carbon). However, transparent carbon does not exhibit the high degree of
structur alan?oéﬁr&‘?%rqaf?/)’\/\%sl N HHBRHraly eeHary QU e &P increfsed AR AANCe 96 Sk%r bon

(for exampleridigkapditthg @haRriduble boft @nd twd BingRMMEE PENcarbbh) ahdaf@ERNOUS
carbon has, no ural. regularity due to an i ncreased preval enceé of sp2

‘ truc
hybri di zed'aﬁﬁg*?fw&e%?fﬁb Iefo iFhRTBOIBHAES ahid!Y AR RIS G IRShiyS fstudes mssa)  and
l'i terally ardraglicsardtpdr ubishRirdied Fydroba®ons. SURNBIERNGMSy, drtrbo i BariHO4So car bon
thus includes, nore aromati c and/ or unsaturated hydrocarbons.

Under st and 4P "HSPSABIR c@handipshicasd PRMega &4y dnrrapersdiasee ardhr bon

posi ti onednfaeiimeesarbot Wih AFFaFPIOtESSHERIUPA Re@gitg! YeinabhleREcdBsmRANYY t h
regard to i Transparent carbon is thus within the

.ths tﬁtru turfal _e%ul arity.. ,

real m of , ARG '8 " @‘fy?ﬂé{'ﬁ nejtyRee? niplfirRediatesaBeN: [0025] One exanpl e of

tr ?RsFﬁr enfoogs] 300n§ @!saémio@gatf a’@asﬁaréﬁtﬁt%r\c@fmm %g‘:‘t gbout, cﬁ?bo@u}a%}p@?b?ﬁpgen,

W er er el n I trogen anda/ or oxygen. e exa e o0 u Yy

anmor phous 4@?%’8]3/‘1[?9@%?{8'%" 8[]1%'“7jﬁr E?'%’ 6‘5’?088& and@r apEieD- g’eafi’“%'}%?fogen,

wi th the rfagaintgeholdiaigomintilegeaban ¢h Gt @apaRmndGHdsess ant h drogémg@ﬂht :
on, about

mat eri al ége gﬁ/.ccfngi st of from ?bout 55 to about 70 at% carh

at % or | eJ¥ §Ma4E KLY, MMEBEFHANY L QYR gRYeNty nHROSRMYEHY £0(MB#MY of

whi ch may cbesistas &t aboun g5 td1ebdie maiatdesarivnd e6EIR 5. atd-Se b sedalittogepomonl y
refers at | east hﬁi bor o, silicon, arsenic, selenium and tellurium [0026]
Formi ng sQpEsit SHEtePP&s 389 faYmeaisdary dppiish mgy Reiabgeity avdtbere to

subst r at e rdainaachyidhgyenc usemgndthe" borditodllyTbistdit@ed St®béoR Odilicdn, ARBhiEcati on
of the Iiguli d m xtHreI map{1 be acconplished by known spin-on techni ques.
Forning sdppBH™ #RP &84 M20 ni ght be acconpl i shed using ot her techni ques,

such as, fo26KanPdrening Sgiposahateal @0 HLPPEILbE _@Bpl? [ liquet mixtdkeeywn CVD
techni ques for depositing tran rent carbon include pl asnma-enhanced CVD
and t her nﬁ?b%ﬁ ? @é‘glﬁhgrgﬁwg}gctggﬂ@w%nmture into a solid. Application of the liquid

mixture may be accomplished by known spin-on techniques. Forming support material

20 might be accomplished using other techniques, such as, for example, chemical vapor

deposition (CVD), etc. Known CVD techniques for depositing transparent carbon

include plasma-enhanced CVD and thermal CVD. Plasma-enhanced CVD of

transparent carbon often occurs at about 375°C.

[0027]  The liquid mixture may be a mixture of polymer solids and a carrier, and,
optionally, a cross-linking agent and/or a catalyst. Potentially suitable liquid mixtures
include anti-reflective coating (ARC) material mixtures and/or hard mask (HM) material
mixtures. Liquid mixtures known for use in forming anti-reflective coatings and/or hard
masks may be processed largely according to a manufacturer’s specifications, including
a series of heated baking and/or curing stages. Such processing may evaporate the
carrier and other components while cross-linking and/or catalytically reacting (e.g.,
polymerizing) the polymer solids, leaving behind a support material in keeping with the
embodiments herein.



transparent carbon often occurs at about 375C. [0027] The liquid m xture
may be a m xture of polyner solids and a carrier, and, optionally, a
cross-|i mkDngleengesa8 and/ or a catal yst. Potentially suit &braskéogosaesn xt ur es
i nclude anti-reflective coati ng (ARC) material mxtures and/or hard mask

HV) materjal. m m x s kno use in formn
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gcior di ng C;i)hm:easmgmmefyam ugetl'ts nmﬁsﬂfédnoay bbfag a tegtddtiupgoR n$a$ef1rla¢slrpf heat eg
aki ng an ri a ch, processi ng may evaporate the carrier an
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the type o di d/ of, cross-1inki in the su rt materlal Al so, for
spi n- glr[]) apé?loggg i ggamal%gf B%rfjé‘?f?%ﬁnﬂtﬁf}gg@%‘ﬁrc‘éﬁolt‘%gggf MOPPRRP 87 vi scosi ty,
fﬁl nks peedy|. IS@VO5UE)I @p&)pﬁe’rarym%dm;b@nonae{wnabléﬁ@@@ewa} Sdﬁ@n@ﬁ flrﬂi;] Bﬁgbnangk

i ckness res i.ng su rt materials es of hard nas
mt ol ATSE oo TR o 68 SR Call tschar rrss TPl PP g oAy
conposi t i 88 a%aidrsdd whifer theldiiee pridudes @rﬂ@@anblﬂlt‘anatﬁ sx%&té fardhasomkieriaiThe
former produces arLH) ggg‘fc sili catg B gpmask teri cont a| ni ng_about 36
at % car bofPWRIN™Y 7 Brafegq i 8o e&}gda aivier f*%? S YA har d nask
mat eri al  eenér mmgrea:bduﬁe B3I .mM0B08SK boa prdM@tlar)b@iHﬁpd%ﬁldhgaléd’\MhI@ﬁIé ¥om
Exanpl es 6@ ure include BSI.MG6089A of a rietary

conposi ti %ﬁe"?ﬁr CIeRPsi h’?bl@efn?' BPQHHPES) YRHeRC ”%Eta”'ﬁﬁborrﬁ'igp )r'égﬁr oduces
an or gani ma(tmmomamngnwut gl bt%@aaboAR@tmweefoeﬁrhg BERY @bﬁtﬂd&ﬂv@b%m;ﬂés at %
car bon, t he coati conduct.i ve. nown cI sses of
conduct i vel B heReas R raRBDEr GYACEry By 500 BEPY EBgrs BERaIToers
po: y(thi opE@(tBnbfherIm)i; )t(ofmarhlllrrwé mﬁlymﬂllllqréfﬁd smoa,m@)awltrﬂ@brydr%j@l ky: ]E hld o;Jheneés,
pol ytetrat ul v na tga ene %&1 n@&ene su i de an
pol y( par aBﬂ&%}raHH% @P@W% @J aP1H8'sH S ﬁ?&&%gﬁ ‘?rlfr “ifl'dy AERMee a
t hi ckness pbmqnersm\bs;tlém e 12 of, for exanple, greater than about 1
m cr onet er Oé 52 #‘J 'é?jrﬁ ts, ttFe t hi cknessIO m 1ght be | ess than
about 3 m [ ?, ro %%)(Swatf.”%/ CIMEL-F) |C§n?ﬁs over substrate 12 of, for example,
greater than about 1 micrometer (um). In some embodiments, the thickness might be
less than about 3um, or from about 1.5x¢m to about 2um.
[0031] A patterned masking material 22 is over support material 20. The patterned
masking material may comprise any suitable composition or combination of
compositions. The patterned masking material may, for example, comprise, consist
essentially of, or consist of a hard mask (for instance, one or more of polysilicon, silicon
dioxide and silicon nitride). The patterned masking material has a plurality of openings
24, 26 and 28 extending therethrough. The masking material 22 may be patterned by
forming a photolithographically photoresist mask (not shown) over material 22,
transferring a pattern from the photoresist mask to material 22 with an appropriate etch,
and then removing the photoresist mask to leave the masking material 22 in the pattern
shown in FIG. 1.
[0032] Referring to FIG. 2, openings 24, 26 and 28 are extended through support
material 20 with an appropriate etch. The openings can have a high aspect ratio, and in

some embodiments may have an aspect a ratio of at least about 20:1, at least about
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[ 0031] A patterned masking material 22 is over support material 20. The

patterned masking material may conprise any suitable conposition or

conbi nat iwo 20fo/e3¥posi ti ons. The patterned nmaski ng nat ePCaiuSa®/05d863

exanpl e, conprise, consist essentially of, or consist of a hard mask (for

i nstance, gne or, nore of | ysilicon, silicon dioxide and silicon nitride).

The. pat t ool SabRRHt B AThR2B8ANGE i LB AT SR e AP BRle g

ext endi ng dbber girhy aneghwidiihef amrsk 60@anBheterAinm 2r TR, TaeRREAIBEORGY PYVE Or M ng

a phot ol itho%r i%%ﬂi ca{ﬁl}é '5) ot or Si st rrgsk (,not shovvn()) over material 22

t r ansf er r i3V Y FUE PHIER PRYRIG 2382 R ABF SdvdtavRglRUIR O RitRbipR AQutes pegpperab

appr opr i atstapé<in, sodmderhbeiimeeRDha®pehidgd BeL @fiRaicst usBAITK fdrth dte@¥Radde

maski ng maieri al (%2? ifn t(ge gatter_n shown in FChG 1. &0032] Referring to

FIG 2, ofEnRegRessp oS8 IGHES 58Paaar BUHAHER St HFVEEEH BuppsdetateReddw-al 20

with an ap[oosp]i arge epéfingsTiay Bpesinit@sovenn ritivery arfl 6byids Beslostratki1@, and in
a ratio of at |east about 20: at

sonme enbodi nents may. have, an aspect ! 1,
| east abom?t”gg'r:‘aly be B‘XI'Z af? fegoe %?E)@ﬁ'gorﬁ@f g DRAM arrgjhesi igfiseechindaoe detpil
el evat i on pefowf.r om about 1nmto about 3 m and a wi dth of about 60
nanonet ers 0&’5% or. Ies%. TQe openi ngs nmay have any suitable outer

peri pherall es /NS RN RREENGS INAYPRPT Blt(al PRy Aompiise anp et & wargtal
shapes i n of @ERNQIBY dhdBNLS anidtteopiReN iefBfgHUPpitt dBiLbY. $sell elchinhIhdD

st ud- shaped st acltor structures, i scussed

c?%%ge nodes 8f stud-téﬁe ca ) S, as d

in more d&PERPHETHAPNGBE33OM RG2S FRRPAYCHERNHRNY AN VE SQ2 RiFer y ar r ay

regi on of l\@u@’smg’/(a,[l-gf;mhe%lﬂ, yrapd Berdlintddere @ ¢ 0 <fem a<qapasharsgof a DRAM
L

array, as discus nor e detail I 34] The etching of openings in
suppgrt 8?19%3 Hg:y "i';%?ﬂfr&ég:l?aﬁ SO?Q“X'\%’ &gpr%i(%%’?“a(y@’tcéﬁhﬁf%u@@? sehefl udi ng

ani sot r opipoasibly a@itsofropig dedﬁ@h@ido&ldeg@up@lﬁ?‘l Blaebigy, tHRy ifkRtigep! asnma
as conpositjon.containi a with SO, SiCl4, N2,

generated frgm a in on ( :

oD ORI et SATB Sl A oA 4 T By By 50 SAnghrcpublp cotmeles 0y <
8. Exarcrhpl @sr ﬂﬁm?‘b(['#l?m_) Lc:ﬂﬁbdlﬁ_eo@bﬁ’d?ﬁ,zarﬁdd:ﬁoa/y %%tio?@té@@@frbﬁ?abo@ﬁFBi _
etc.. e,set SS| ani sqtropjc etching conditions includes supplying
@ and SO24 8 ag)ﬁuf)% ud¥e r)?etc‘gtﬁ)ﬁﬁghlepﬂ”ésé’ﬁﬁp'fg“@é@w&CO&F”Q”?HF&!deFI ow rate of
f r om aboutupflyiny MmESICL I &n GROtIVERL &UPIdAgadimAl Faetdr 268 MtaltfRwaaalss 300
seem and,a fl m apou about 2:1

Anot her sgfmb?go\é)‘véégé Bran ig ‘?%cg{t ?%F‘t&g%sa%ﬁ aﬁ{ﬁo"fﬁ fh faltil?’%ﬁt@ﬁltﬁtz,sl@tlg@fs;bﬁh'bﬁfl1yi ng
G2 and Si @i dited san rédutiraémpenayure orgyl redirgrh abol 20e8es abo@t1 08°¢ ahdlin kbaw rate
IR I T R T I ST LR AR KN R
200C t o abboitit SLONOGratboun! oM Torr, and, in some embodiments, may be from about

20 milliTorr to about 40 milliTorr. Power supplied to the top plate may be from about

500 watts (W) to about 1200 W, and in some embodiments may be approximately 850

W. Reactor bias may be from about 20 volts to about 200 voits, and, in some

embodiments, may be approximately 110 volts. One example of an inductively coupled

plasma reactor includes a Lam 2300 Kiyo system available from Lam Research

Corporation in Fremont, California.

[0035] A further set of possible anisotropic etching conditions includes supplying O,

and N, to a capacitively coupled plasma reactor at a total flow rate of from about 100

sccm to about 500 scecm, and a flow rate ratio of O, to N, of from about 1:2 to about 2:1.

A still further set of possible anisotropic etching conditions includes adding CH,F,,

where x and y are integers from 0 to 4 and the sum of x and y equals 4, to the O./N; gas

mixture to provide 10% to 50% of the total flow. In either set, reactor temperature may

be from about 20°C to about 100°C, and in some embodiments may be from about 50°C

to about 70°C. Reactor pressure may be from about 5 milliTorr to about 100 milliTorr,
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enbodi nents, may be from about 500C to about 70 C. Reactor pressure may be
fromabout 5 mlliTorr to about 100 mlliTorr, and, in sonme enbodi nents,
may be frwo2atyaup3420 mlliTorr to about 40 milliTorr. Peagrusseypbisesl to t he
top plate nmay be from about 500 watts (W to about 1200 W and in sone

enmbodi nent.s ;may be approxi matel y, 850 W, Reactar.__bias ma e from about 20
Tolts to abiursog® SRRIEMCIR PaY peTomenit B AL T A 4B Tl E Ret o1
110 \Z/EIOB S .redner reaﬁﬁpérete(ﬁtlcmngllfrétmmf ty pehyr \mmhi@ﬁ frlgasney goae bofromnbbudes a
Lam i st e il a r Lam Resear c rpor.ati on in Frenont,
Gall for ni 208 RSR PUR Y, vbrdet =D o orty o e eets B tbeBAY GONBNG t  ons
i ncl udes suppl lpivigqOEn@nsbui? of hom abapaed W vehyoraopd el spRisaat fréachert at a
t ot al flogj\rﬂﬂt? og ftr1gr8 @F'ou 100 se mfto about 500 se& and a flow rate
rati o of 6 [ NBPYH 1PN ap SN eranPg0laerpackvely cowpled plasme jpefier set of
possi bl e awiisropine 280C Eksign epstdintdvansblé fishudes Ragekrbly Cotporationwher e x and
y are integers fromO.to 4 and the sumof x and y equals 4, to the O2/ N2
gas mxtu eTBntp{ja(&]PH'éa'lo%to 50% of the total flow In either set, reactor

t enper at ur pOsBY bEhE papeaizewl s2EHHE matcabiad didAREEH aBh@, bBppe wetRbodi nent s

may be fromabout 500C o, about 700C. Reactor pressure y be from about 5
mlliTorr CFBDOQtPcSma”ngﬁ the Tqrﬁnﬁgraf‘,eg%‘fér,‘ca '%CM"WE?%N ONGRYVBE" fHYm

?bout 20 I@hhlblb'f@nh’fatigﬁoag@(bt:] ql]g’él’itwd)ddriin’@@rtb mufhﬁggf%%a@*s@cé Fetips @fer &be at bdual
requency power, with a hjigh frequency power o rom about 200 Wto about
1000 W SUBBIFRPISI THBm B D% SRAGUPECOTPPRRY) 43 BPRAS8ALo FREeHPE, and a
| gw f r equesepopevein abisotropimectdimg of Mpkéit maddraubo 0B HMARAL R diligdn f rom
about 2

t out . 13.6 MHz. One exanpl e of capacjtively coupled plasnma
reactor i (1 ezéj%Hlfjg 'IXE0S BT AR §* é‘%faﬁaﬂ?&a@‘%@?ﬁ RAMBSsear ch
Cor por at i Gupport FagsranR) nGal thiiob& e bﬂ&ﬁiﬁélyﬁheoﬂbﬂparytehasedqlﬁ f@r_blﬂﬁl@llrﬁ]t f
c rimari in the form

material 20 discussed. above, especially wth carbon
of an el e@?’f"?%é?tl%/Op@SH@ﬁg??r{/%ancgoﬁ‘%ﬁh%g%IWBﬁjépxﬁiﬂ SHRBP™ A 1 dhabl e for mati on
of good qumIOBYY OPeNbPEsndsRATRGaNHIZBheterRShRLh Kapp&asmattaal 20 ® @l evabl e
in silicon gi oxi de. The chem C\adn nponent, as opposed tQ spyttering
corponent SUiTACEEHT 880F% b c! O d?&e @HﬁBSWGWPaE‘? ﬁ?n%t'Ypiy'H%‘ r than
that of siifiucion rdgions,dieen Swdhuppef f@fes il neRE serfi@nduatBinateribpforcar bon
backbone FOl mer s, Sg%pd?rt mat er i al Ifﬁg n‘%{ t hus be nore elf fectively
ani sot r opi A ARV Y 9@6’Pﬁﬁ"Hﬁ“§h G EES LRI PP ISR FORKIN RN
convent i omaeridls; omerdinexipger suapos bf strhetodas sill doME3EE nldigl. openi ngs 24, 26
and 28 ext g@t hrQugh. s t,material 20 t er. .surfaces of nodes 14, 16
and 18. 1 10pAEf nodeemib PR oA ket ek g S dhout famdvea T

illustrated example embodiment. Such removal may be accomplished with an etch

selective for the masking material relative to the underlying support material 20. In other

embodiments, the masking material may be left over support material 20, and may then

be removed at a subsequent processing stage.

[0039] Referring to FIG. 4, electrically conductive material 30 is grown within

openings 24, 26 and 28 to form pedestals 32, 34 and 36. Material 30 may comprise any

suitable composition or combination of compositions. In some embodiments, material

30 comprises metal grown over metal-containing surfaces of nodes 14, 16 and 18.

Such growth may comprise electrolytic plating and/or electroless processes. If

electroless processes are utilized, upper surfaces of nodes 14, 16 and 18 may be

treated with activating compositions if the upper surfaces are not otherwise suitable for

electroless processes, and/or seed material may be formed over upper surfaces of

nodes 14, 16 and 18 by a suitable deposition process (for example, physical vapor

deposition). The electroless and/or electrolytic plating processes may comprise

conventional operating conditions and may utilize conventional materials (for instance,
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di ffusion regions, then such upper surfaces wll conprise sem conductor
material (for instance, silicon and/or germanium. If the nodes correspond
to netal -wonbevmp3ag materials, then the upper surfaces etCTaisedvonomses w | |
conprise netal. [0038] Referring to FIG 3, masking material 22 (FIG 2) is
shown rempved .| e illustrated exafrggFu%eenbodl ment. Such renoval may be

acconpl i sh¥ evﬁ'?’ﬂ 'HE?'V R ISESER Ve HURURTIHG. REF YT alckebicepale t o

t he under laydnigarsurp piride mﬁmhctealbngﬁ whiBh eh& er b&nlap dicaRoibSs platiey amski ng
over t erj al then be renoved at a

mat eri al su

subsequent® G;VW8@B%B{ Bg’sst%wée&?% G\R‘Q?@F'?' %93 ﬂ_gel‘—eleﬁ%lﬁss andet flpetyti
cogduct: vV @lanat erocess@&Imias bgrcemucmdmrela@@@yndv\gfen%rata@smhﬁ e form
pedestal s 32 y nprise any suitabl e conposition
or conbi nff(f“m% %Qﬁ%t%qstl\éag%ag?‘ﬁ%%% W%b'&i"’nt@mp@r Wge 81VA41e 30 conpri ses
netal gr owdvavegedmsifed saanbithaicagoswohemtsy PhtdtRie thd wdfid Brchkwnch
growt h ma rrgrl se e ectral %Itl c plating and/or electrol ess processes. If
el ectrol eg]ég%ﬁ B%@Eré% eRUHISSi zed, upper surfaces of nodes 14, 16 and 18
may be trembad] wuAhbtag.tmmfoumtgatwmumt@cm&rlgﬁowuhgrrww%ﬂ 38 WithmCPeniigs not
ot herw segiu%%abl for el eftro ess processes seed material may be

forned ov BT <8 {fr grirgel 9Pl tiozfi'mﬁ'ﬁsé[h\élh'f@ ngges 1 4ulitias ¥ depositi on

process (tompaxasghieongitysriataivagoppsienaatds. Olﬂ)eep'ﬁhﬁialﬂ#r@mrf Pk@pe and/ or
electrolyt a oeratln

latin roc ses ri se convention
condi ti on§" 'gr?ﬁ t?ng "8?618? 'F9 L@Bﬁﬁv”éaﬁ%/“agﬁa INSRNET i SAicen @ng/er 9%@%@ "H'%[%lsl al 30
may conpr nemeermmadmnvamcﬁ)p@ﬂ inf sitLh@I‘rln@r’fhe tep'taadul grawth) éitis BaHBuctivehk8bpedagpal t
and titani urr|1 ni ”'fgq cat i on.? h one or both of el ect roless
oSt ho airiPaMulsl 216 g1 SRRl SRt P Tt POt B OB RE CRNeRIONs)  The
el ect r ol espemitidg oondtices aod Way(Emﬁﬂe%dnﬂ@ntﬁn@%&ﬁaﬁéls”ﬂ%elé@lt@)@él@j#@\hlﬂdnégﬁ
| e, eratures bel ow about

relatlvel | ow, t s, for exa

2000C. Su CPBWC?%HFL#M‘%&Q 9%3?”“88@&&9%?{9 Hgeg0ee ft%ﬁ‘p%wée%?etw&%n about

car bon- coaommamtgausmneooaﬂhcs if20e b?r&'gn*&'ﬁhiaﬁw@ m%’téndpi‘é/:&haéedﬁl?gﬂé%tab?@ﬁf ating

t enperature t he t that may be u ize or rovmng

mat eri al §BC hﬂeﬁa hrﬁén%ﬁ@@gfgg C?%oar?ﬁnt?@'n%m@ﬁ“?&ﬁ%ﬂ Ca@rtt?vﬁt

enbodi nenteativelwiigie termesiasirdkdare htaterids déhtginimpgIsilisen %ﬁ@?bﬁ@if@ﬂ@trﬁbrp%%é@' ni ng
upper surEaces The epitaxial growth nay be utilized to form sem conduct or

material (16F"i nstance, silicon and/or germanium which is either
conduct i veflop4tiopeldaterials3d is stiowh ngoiip@aeiaily fKo@Enirg s, R6 a@l 28Sand

oo e ART o Bk TR B S PLi =SBt e ke ey Moer Prs o

convent i ondvant@jeaius dhat makétal apinoaxvelill Ge@pehing®lh that such can eliminate a step
of removing excess material 30 that would otherwise be deposited over support material
20 (for instance, a dry etch or a chemical-mechanical polishing step would be an extra
removal step that may be utilized if excess material 30 were formed over support
material 20). In order to ensure that overfilling of the openings is avoided, it may be
desirable to underfill the openings. In other embodiments, the openings may be
completely filled. Also, although it may be desired to not form material 30 over support
material 20, there are also embodiments in which material 30 may be readily removed
from over material 20, and accordingly, in which overfill of the openings is not
problematic.
[0042] In the shown embodiment, material 30 grows only within openings 24, 26,
and 28. In other words, growth of material 30 is initiated only over nodes 14, 16 and 18;
and material 30 does not grow from exposed surfaces of support material 20.
[0043] The pedestals 32, 34 and 36 have uppermost (i.e., top) surfaces 31, and
sidewall surfaces 33. The sidewall surfaces are against material 20. Ultimately,
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be conducted at relatively high tenperatures (for instance, tenperatures
bet ween about 2000C and about 10000C) if the carbon-containing material is
chosen t owbeosvmEbi4se at such tenperatures. Anong the car lpOmAISCIVOASISHMY
materials that can be stable to rel atively hi gh tenperatures are nmaterials

contai nin il nd/ r,.silicat orporated therein 41] terial 30
i s shown ?’838%@%%613% |aQ 3¢ ¢ Hilizg @ﬁl ﬁ%j 5)9220(}%601(&?%’&' ‘e C%é‘?(?'t%réc@l’ ingly to
| eave unf idctedinggdt BrRsBEd af expbee GRedddvEs wiviated foe utibesn @l fadibatibh ofan be
advant agequs that rrat erial 30 not overfill the openings in that such can

el i mi nat e "2° SIRAF'YF- r enovi ng excess material 30 that woul d ot herwi se be

deposi t ed woan] SUEmﬂrﬂsHmtsej’dnaﬂruﬁﬁn(m(Hﬂer élﬁﬂp@ﬂ&ﬁateﬁal(ﬁoy F&% C4) hak baen

chem cal - mechanj cal Eo‘zrda g % s@& W% ? g tra rem)val step that may
be utiliz&AMPYRREORSHAPIEFYE| SUFCqR %‘Frﬁ? eBt@ 323%68?@%&9@?‘1‘@ °f20). 1n
order to e,nspusrenfatmral wafafyldeladagmpfsﬂeh%ywmnﬁgmgl@mawgbbmgdpodstbl@aw dve

desirable to underfi t he openin ot her. enmbodi nents, the openings may
be conpl et“@?§P¢PIQP8ﬁ InGiyding a&'rﬁﬂ'&%@ﬁh E)%ﬁvp%gaw%ad% BRBO FRRsMAmt er i al

30 over supp@XbodIwg §upp&ﬂrt ra@t,enaltmt@ Ry GertlagiRaR YRS ABNb S tHebiydmha£h mat eri al
30 may begr ead) I% renoved from over mater. al (fo and accor dingly, in which
0 ca fé}‘l?g'\h? d

overfill PRCTHYART RESMAINREsas BT EQRRINEY Qagriuiane ¢f bo

enbodi mentNH,Mweherel raH+3 é?rw/grr roy\ﬁz stigts i @bu@n@@ﬂ@atmf%tm%xpm t88he dif) ot her
wor ds, grow h. of s initiated only over nodes 14, 16 and 18;

a .
and mat er |SH|pp§l§’ Zﬂ'&m@f 89\/l PIoRe QQ%O@@EP”?W&@C@E‘Z grd figgisaiaindeseeMNeal  20.

[0043] The[qoadpstah@msary ﬁﬁp@@s@@mgéﬁsmm%@asbe tdferfed totRPisiHvhaces 3 1,
and si devval sur f ewal | surfaces a%e agai nst material 20.

O ot ol ShipgRtic BiEtened jitte BkSSN R BEMahdRe BESeParages e ting

st ud-type dqaﬂﬁﬁpéwﬂirsverﬂaﬁla@mdﬁtawbv}{h ahd uamdgé itd @@ duBseRPOSE alib\gs Si deval |
fabrication o citors. é0044] FiIG 5

surfaces for utlllz‘a;1 %r’h f e E‘%
shows conSF¥IRY RGN RHeR NeYBISIPISHTRPIR 'ya‘f“tcao%(" B5IruStripRIRS BERFME Bffbv ed
t 0 exposedvsiabeabh Mattsbadesh@lod, Idchm Presest, Wasifodda add AxBEis36. Renoval of

00T bl e APGMERCSIEY MRV (B S et o R e e i BEEHis BPySeR A fpi ng may

i ncl ude f@rmmlagefacmmmmqmtoemp@se l@lrb@hm@aratmrﬁ@p@ymais &Gbriézs PhOtEreBist
radi cal s ge%ﬁrat ed sma. Formation of the use a gas

cont ai ni n NYRAEY Oci?rss'ﬂgtr?ls'%LfeSN? Glean SHRSIRISS, p”\%g)r%‘ ﬁﬁ’*%‘eé' BVOGPSENIQ H2
assi sts i Supportl ariafgiadR0 dmyl msivfian®eisatis peotpesetot esidnes firiatthey BIPi Ng. The
el H2 may cgr?talnfc%rrt%n %upg fq'ferenp m%l[l I'[SsluB or (r)n%}tenal 6' (rjnag/heihlrbﬁ r;arhnghegrregtser N2
thickness when used for forming high aspect ratio structures. Appropriate modification
of processing times or other parameters may adapt known dry stripping processes to be
suitable for removing of support material 20.
[0046] While using titanium and/or silicon in support material 20 may add rigidity,
such additives might make support material 20 less susceptible to dry stripping.
Titanium and/or silicon present as oxides might make support material even less
susceptible to dry stripping. Despite such potential drawback, use of titanium and/or
silicon may nevertheless be desirable for some applications given the structural
properties and anisotropic etching properties. Similarly, use of silicate backbone
polymers may decrease susceptibility to dry stripping compared to use of carbon
backbone polymers.
[0047]  Although an entirety of support material 20 (FIG. 4) is removed in the shown
embodiment, in other embodiments only some of the support material may be removed

so that only portions of sidewalls 33 are exposed.
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[ 0045] Known dry stripping systens exist and m ght be referred to as

"m crowave strippers.” A perforated grate-like structure between the plasm
and a subsOnratoibEBng dry stripped prevents plasma cont act/useao/ossd3 damage
to the substrate, but allows oxygen radicals through the grate to

i sotropica tch. . Kno y.St.ripping.s ns are available from Mattson
Technol ogytd(’%ﬁﬁ. Pﬁfeﬂ%rﬁié' @aé'?'?gtﬁﬁi"%t%lﬁggfeglcﬁga QERAK '9giedal 34.are
B$¥erl y, Kassaiodvesahd aroudtitpedestdis)B2s B4 apgdBeJY Thy pbessalane, 85 el 86 maydenp! e,
effective tec

ni que .to renove carbon-containi. I rs uch as
phot or esi 59”%{3%’9%\5%&?8%‘3'5% 8'88%%‘?‘??96‘?%&60‘@8??'{10?8%8?\é%ﬁer?bﬁif’?aé(tb«?s prior to
sEbs equentopsioeres si sre@on&_u@muuﬁbr ﬂa&t&rdealll/rlwié’rﬂism)b_a@&vw dts’)ddp%dbtth%ﬂ@P .
phot oresi st _or. residues jn that the cantajn on, but different in
that supp&RPAHR! @Fg?(?%dkwd"égmitg?%ege%ﬂﬁﬁggﬂeg'?cggé?Fﬁ' RHBLQISFHBY used for
form ng hicgbactopess, GZaeLridCBélsTréap)@tWeqs.Thmmﬂsgméo&%(@aﬁmﬂgfeﬁélﬁhij%epf
processing tinmes or other paraneters may adapt known dry stripping
processes%?Ba%té?rssﬁpgmy ?@?r[&mm%ﬂr?%OfﬁfﬁBWP? Cﬁ%?CétPfSa?'mE@'PﬂOBEMG] Wi | e
uzij ng tit aorimem 0 ca/@dékmSt@iéﬂzonhé m@pcfx@rzngaylrw BEb@bradéy mgsi/Daths'@tilidinby, such
addi tives m ght e _support _materia ess. susceptible to dry stripping.
Ti t ani um érﬁ‘ag'aﬁpf%eﬂ?@n%ﬁaééﬁﬁsa%@%%’ yaa “ﬁr‘a'ﬁﬁs?‘% pé%tﬂ)‘ﬁé’raf’a?@%/%ﬁ Al pgveg
| ess _susceplciir}dﬂ@ Tiee chpaciosiagp@ilingtratBe spint @oGpled tpatemirioal itia\weadduld pse of
titani um and/ or

silicon. nevert hel ess be desirable for sonme applications
Ul von 1 e 30 el SRR e R T S OGS A Er o Ao ABETat B, the
Si mi | ar | y caps@toas may be catigled &ck bomenopolorimicsit meyagediiopase Husaepkindd ity to

an ent | v 067 B QBREDH AT L 20 PR L Ao O BRI T ob ocfibgpand

enbodi menbitliries L@itii‘eertoemm@mﬁiréssdﬁdiiyideﬁln‘ﬁerﬁbrytd@es sUpp didmerptagay alrheay _be
oY 2B S PR ot A et SRS e T S
formed oveny anithbis sundurpe Gesicdlsiiddy addsdndiedbethbbisiope desdoadifgiphe 34 and 36
T e o PR AR e R e RS =
capaci ti vebyventiopdleckthadd. he first capacitor electrode. Accordingly, the
Fespect i vel09Holn e oG P alr tap e ot 4 P ainey Be "eaputIBrE 1Gnd my
be part ob, & doaiegemiasdimpgntfia latticd-of yeoetaanatensI nst shovhaneg el Wilifaered over
T A0S o IR B I b B R B L 7108
capaci t or adjaoerdt pedestals is otherwise problematic.
[0050] The DRAM array of FIG. 6 may be incorporated into various electronic
systems. Some example electronic systems are described below with reference to
FIGS. 7-10.
[0051] FIG. 7 illustrates an embodiment of a computer system 400. Computer

system 400 includes a monitor 401 or other communication output device, a keyboard

402 or other communication input device, and a motherboard 404. Motherboard 404

may carry a microprocessor 406 or other data processing unit, and at least one memory

device 408. Memory device 408 may comprise an array of memory cells, and such

array may be coupled with addressing circuitry for accessing individual memory cells in

the array. Further, the memory cell array may be coupled to a read circuit for reading

data from the memory cells. The addressing and read circuitry may be utilized for

conveying information between memory device 408 and processor 406. Such is

illustrated in the block diagram of the motherboard 404 shown in FIG. 8. In such block
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bitline 76. The capacitors are illustrated being coupled to a conmon

bitline, as would be the case if the capacitors are all in a common row of
a nmenory woraw/oigd48er nati vel y, the capacitors may be corplras2a09/08086Hmmon
wordline if the capacitors are all in a comon colum of a nmenory array.

The menory, array onprise numero rdlin and bitlines utilized to

ni quel y SRR AR eSO HE s Py TELRIE: 85 hBrarse dhauip! S Jygherea

transi st omsgdes and bitlines are schematically illustrated in FIG 6, and
ures formed utilizin

may conpri U|tab e str bl e

met hodol og®%52£ aocﬁﬁ?ci/rdevﬁg ﬁ%%l?(@?p%t&a RIRECH g ﬁ\é’ ?r?ff/l conpri se

convent i oraa‘aocsateumenmay ufilrenedthtthe IMctiuregmep bareplidestalctured sisen in[F848)]

AIthough t[Pb als§2,. 34 and 36 are s ovvnto be free-standing in FIG

5, in some gﬁgg HYo8Y eY'Ca‘?f'Qgé‘@alﬁFO%Tﬂ?&fj ? AGNIELETAHYG ABE "own) may be

utilized bomnwsﬂmta@dishbwmai FlIsupport to the pedestals if tipping,

toppling o | ct het nad n stals is otherw se problematic.

[ 0050] The[rolgééjw H?"g)? E S”ﬁ%ia%h?ﬁfﬂottég‘?‘hg'agrﬁm%ftaeﬂgb 1RY6! WQF’P'E@I%O%@@& roni c

systens. SerEosikaypke 0 CIystmh aosyrﬁyejassreap@wod@sm elefploed eumpdteh reference
an enbodi nent of a conputer system

to FIGS. 7- 005 ustrate

400. Corrpﬁi’%l?m% %%ﬁ@@%ﬂéyﬂa@soaa%ﬁﬁ?r TYSIEN 16 EBPRER aR6PRRTATIERG on

out put dewbsmiatad keyirar &m&amorsyszéﬂ‘mezooqwmmumaéue%mem@uhold@ﬁg ge, and a

not her board 404. therb tggg qrr% car r%)ﬁa m.cr oprocessor 406 or ot her
'S

data pr ocB5EFRY" acg'ﬁ A EREeS U (R dyBnP R IRyt (U8 i ce 408

may conpr dedicamoalit @yo ok umeléﬁsfopdclsatltﬁe spemShehakrayluBly Perceupdred W th
addr essin

e e gl ) SRR P e TR el ot i ng
data fromGeneraignaestrardd $ystenT 60 adidiae s magivaret sfeadruetisristhbt 3 be
e Lo R B Bl o B S e T erears o choon
in FIG 8benweeaunda phicessatizagy tammdrhery addice siit 196 ahd €8 1O Yielige 7b8.UShs at ed as
410 and the r rcuitry is illu rat as 412, Processor device
406 my corPEd BONA0R oY PR bR e Sse 2 e RERGE Pe 0P
with the HDdMeeI/WWCQITDB lbseosttrfuuoélwcszamghﬁwngh A skt & opferaticR9 Tt cMgor y
o e, A0TSR BB o R RS TR BT St v s
hi gh- | evebevdcgané malyiiotudd steaustures shown in FIG. 6.
[0055] FIG. 10 is a simplified block diagram of an electronic system 800. The

system 800 includes a memory device 802 that has an array of memory cells 804,

address decoder 806, row access circuitry 808, column access circuitry 810, read/write

control circuitry 812 for controlling operations, and input/output circuitry 814. The

memory device 802 further includes power circuitry 816, and sensors 820, such as

current sensors for determining whether a memory cell is in a low-threshold conducting

state or in a high-threshold non-conducting state. The illustrated power circuitry 816

includes power supply circuitry 880, circuitry 882 for providing a reference voltage,

circuitry 884 for providing a first interconnection line with pulses, circuitry 886 for

providing a second interconnection line with pulses, and circuitry 888 for providing a

third interconnection line with pulses. The system 800 also includes a processor 822, or

memory controller for memory accessing.

[0056] The memory device 802 receives control signals from the processor 822

over wiring or metallization lines. The memory device 802 is used to store data which is

accessed via /O lines. At least one of the processor 822 or memory device 802 may

include structures shown in FIG. 6.
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el ectroni c system 700. System 700 may correspond to, for exanple, a
conputer system a process control system or any other systemthat enploys
a processwp arbigmisoci at ed nenory. El ectroni c syst em 70@Chas24d09nsis6dnal

el enents, including a processor 702, a control unit 704, a nenory device

unit 706 ihput/ out p devi ce 70 IS to be understood that
the syst e?@ﬂgzpha@ge \éarﬁuaregeicf [(‘)Q'Cﬁ StEMS CRVERR éb '%?ﬁ’ %?'”Qlﬁlpf“gkagﬁenor y device
units andbm’cebélﬁb densd, @esmmorV&&M@ld&Gﬂﬁb@ﬁumbBlb, mG@di@*ﬂdkéd(me%@Ct ronic
system 700 wi ﬁ ﬁet of |nstr3ct|ons t §gfcify oper ati ons
to be per?%mﬂjéfﬁ”cg O%IB[P“& W‘?G}‘?é PPEEESIY AN dhe BFEOY %‘FC‘? eractions between
the procege058]702Thd blecth@i®systalty inag beniskd Tmeaidd) nbeulbs QedrweidRi®eré08. The
control unit 704 qoordlnates al | erations of Qr prqfes 702, the
menry. dedPHe’ FRRSIER A 440 SUHRRETS, BB E IR IRSO0EY GoREIThE et Fough a
set of opaicatiesnand may iMAlReniiniayenauitenp rheddiss. f et ched from the menory

device 70 c uted. The ne vice i ncl ude structures shown
in FIG 66[0%&3 g glectionic §Vséer§? H%V%F %?%&‘P@%ﬁ%‘? BL?yéfe”%ﬁﬁ SEFRRE% r oni ¢

system 806|ocﬁ'§]ee|sy§|b@$ﬂo&w@homl peiesna coRipdters, dRvinehi8O Andindial Bastraan array
of menory gﬁlls 804 a?dress decoder 806, row access circuitry 808, colum
access ci PEUPTPyABIHY Sf%ad/ write control circuitry 812 for controlling
operations, and input/output circuitry 814. The nenory device 802 further

i ncludes power circuitry 816, and sensors 820, such as current sensors for
determ ning whether a nmenory cell is in a lowthreshold conducting state or
in a high-threshold non-conducting state. The illustrated power circuitry
816 includes power supply circuitry 880, circuitry 882 for providing a
reference voltage, circuitry 884 for providing a first interconnection |ine
wWith pulses, circuitry 886 for providing a second interconnection |line with
pul ses, and circuitry 888 for providing a third interconnection line with
pul ses. The system 800 al so i ncludes a processor 822, or nmenory controller
for nmenory accessing. [0056] The nenory device 802 receives control signals
fromthe processor 822 over wiring or netallization |ines. The nenory
device 802 is used to store data which is accessed via I/Olines. At |east
one of the processor 822 or nenory device 802 may include structures shown
in FIG 6.[0057] The various electronic systens may be fabricated in

si ngl e- package processing units, or even on a single sem conductor chip, in
order to reduce the communication tinme between the processor and the nenory
device(s). [0058] The electronic systens may be used in nenory nodul es,
device drivers,
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power nodul es, comuni cati on nodens, processor nodul es, and
application-specific nodules, and may include nultilayer, nultichip

nodul es. WOQbBJ01338 el ectroni c systenms nmay be any of a lpcoas2eogmB6df
systens, such as clocks, televisions, cell phones, personal conputers,
aut onobi | es, iQﬂgﬁhﬁial control systens, aircraft, etc. CLAIMS I/we claim
1. A nethod of I'ng a capacitor, conprising: formng a support materi al
over an el ectrical nbgeslaithhie support material conprising at |east 20 at%

car bon; forninq an enhﬁ% %hrggﬁgithe §quort.naperial to the node;
growing el ectrical |y CORTTCT MAS et €3R351C% PYRPEH ¥ node to at | east
partially fill the dpenhggsupfet ehacihar owalahwl@anducddes hd@Ippbitahat&lidhwi Ng

substantially .entirel j t.hin the opening and corresponding to a first
capaci t or 08@8?'%8&%&‘%%%8 % ?%"Tré%%paci tor el ectrode having sidewal |s al ong

the support materi alformiiegran openiag tHre@sH the @uppdH mkhkeiastdpREhbagat erial to
expose at |east a porti.onﬁgogkgfmf%grst .capacitaor electrode sjdewal|ls; after

renoving said at | ed?V'89 NSy PatedrldFaathe nasterdp qY leagiRastialyr

di el ectri il orat @dnirly; theesledtheall) icosductiap atitéral g s BeintiandeftR&IFivREina

second capacitor el ectrode over the capacitor dielectric material. 2. The

method of T A SRETRISTPPRING o b GaHAC)rRiECe | Ve TFcaprair gPaiRieon y

Wit hin theam'p@@id@g/ans?alofﬁ@mermtpblod nQitetﬁ‘ell;gi m 1dvvherﬁi n the grow nght he

el ectrically conductive .mat eri i s conducted wi thout exposing the support

nat eri al toya t enper aT'GY'8S iaﬁ'eﬁgcsé’gée ?fftﬁ‘%ém.” rpateqpldo ﬁé@(ﬁ??oatdﬁaséﬁai m 1

wher ei n t bertiehet thd fral capadieoriecaodsisidanalpf a metal contai ning region. 5.

The net hod of cl ai m4i wher ei n t@f tgrowi n toge el ectrically conductive
aldpAR P

material conprises GhE GMPEGFA fhe3yPRAL el '9I"Ri8E  deposi ti on
on sai d suapatier diblecifioenatetidi odecthe ditaaicapdcitoheleeirdud; Bad el ectrical node is a
surface of a CondUthCi)l’%’]elrh ég(e)go%% c%%g?:i?o?% elEI:S[:rE) er O\I;e?r%gcr:]épacitor dielectric

material.

2. The method of claim 1 wherein the electrically conductive material grows
only within the opening.

3. The method of claim 1 wherein the growing the electrically conductive
material is conducted without exposing the support material to a temperature in excess
of 200°C.

4. The method of claim 1 wherein the electrical node is a surface of a metal-
containing region.

5. The method of claim 4 wherein the growing the electrically conductive
material comprises one or both of electroplating and electroless deposition on said
surface.

6. The method of claim 1 wherein the electrical node is a surface of a
conductively-doped semiconductor region.

7. The method of claim 6 wherein the growing the electrically conductive
material comprises epitaxial growth ffom said surface.

8. The method of claim 1 wherein the support material contains at least 50
at% carbon.

9. A method of forming a capacitor, comprising:

forming support material over an electrical node, the support material
containing at least 50 at% carbon;

anisotropically etching an opening through the support material to the
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7. The nethod of claim6 wherein the growing the electrically conductive
mat eri al conprises epitaxial gromh fromsaid surface. 8 The nethod of
claim1l wienreiwnipdae support material contains at |east POTAS200M50365). 9. A
met hod of forming a capacitor, conprising: form ng support nmaterial over an
el ectrical node, the support material containing at |east 50 at % carbon;

ani sotropinggﬁ y etching an opening through the support nmaterial to thenode;
form ng a first capdointing adirgchpasier blectrbd: pped bpehiky b@g@mimpfiki r st
capacitor el ectrode terial over the node utilizing one or nore of

o1 oot o y PR HIoR B EONE e PN RS 7 BH ORRA BETE s BH TGN Oat ¢ er
form ng t lechiolest deppsitirt @d @litagial gdaih;r enoving all of the support materi al
to expose sidewall suyrfaces o &Qgﬁ: first capacjtor el ect Lode; formng a

dielectric material DVEFOTTHY PP e CRRAFHR fIEF e RTINS Ahef 1BP SHRPAThe

exposed sintaued lto sxppdsaahsswal RUriAcHsdiNge frssepaBlorcadaeidbor el ectrode over
the dielectric mater;ial.. im9 wherein the support

10, The net h_oﬂ of clfa ,
material conprises JAEBY ASIRSFIHR MatrahP R SSTaPRERH elepirode rad gl od of
cl ai m 9 whies expostbeidbivas sudapacanor el ectrode material is grown in the

opening to a level that onl artially fills the opening. 12. The net hod of
claim9 wherein the 3R ﬁg%ﬁ%ﬁ%ﬁpagg%&qctrpg?iogﬂer&pggtelchrgéma@@gll . 13. The

met hod of clai mo9 whekahsthbhier cpiend Bgehas tHRsuPBOR elatérall tompliscdtoneanst 40: 1

. 14. A netho f form ng a capacitor, conprising: formng a support
mat eri al n‘é\‘?g}gﬁ%‘ﬂ?ﬁngtsg',co?'he support material containing at |east 20 at%

carbon; form ngian apenhagod br asigho hersn st capa&tor alectrodd hatsabst r at e,
t he support nat ess _and_ the openi ng havi ng an aspect

ratio of S 5‘%%%@3’?@&%*&?%%@% RAURNEL'S 1R ORFW 'S upport materi al ;
growi ng a stud el ectThedretdbd af Gaikvlo ehpesh theropshinBinastahesppaithi®of 4t@sEaY i Ng
t he suppo%b:1r_11at erial;
13. The method of claim 9 wherein the opening has an aspect ratio of at least
40:1.
14. A method of forming a capacitor, comprising:
forming a support material over a substrate, the support material
containing at least 20 at% carbon;
forming an opening through the support material to the substrate, the
support material having a thickness and the opening having an aspect ratio of 20:1 or
greater within the thickness of the support material;
growing a stud electrode of a stud capacitor within the opening;
removing the support material;
after removing the support material, forming a capacitor dielectric
material over the stud electrode; and
forming a second capacitor electrode over the capacitor dielectric
material.
15. The method of claim 14 wherein the support material is electrically
insulative.
16. The method of claim 14 wherein the carbon is part of a hydrocarbon-
containing silicate backbone polymer.
17. The method of claim 14 wherein the support material is non-crystalline.
18. The method of claim 14 wherein the support material further comprises

one or both of titanium and silicon.
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after renoving the support material, formng a capacitor dielectric

mat eri al over the stud el ectrode; and form ng a second capacitor el ectrode
over the wopaovaiei3di el ectric material. 15. The net hod eCtalsasomoiosssvher ei n
the support material is electrically insulative. 16. The nmethod of claim 14

wherein the carhon i-S _par f hydrocar boncont ai ni ng si li¢ate backbone

pol yner. 17. Tﬂg net‘f?Sd“%‘\E‘o‘iP%‘??ﬁﬁéWﬁ%&em ﬂth[oH ogaBng?){ceﬁg%gﬁ?@anpgﬁe

non- cr yst alpparemafteBial ddes et ttvadrisad titahiahm 14 wherein the support materi al
further conprises one or both of titapiumand silicon,19. T t hod of

cl ai m 18 wher eia " si ﬁ%@dﬂetg?)égf ﬁ%'fn Lé‘@g%@' S g /R TG| ”Ph‘éxqfﬁﬂggratq%?ﬁderi al
does not denguppse rhatbdalidons n@confhizersiticbod of claim 18 wherein titani um
does not exceeqd, 612 % a he su rt material does, not conprise silicon.
2°T° The met hodor angriniel Ak T R iher L Bh shbrdreraid el oLgiHRes SBST t an um
and si |l i cand stiiben,tthé aahium dendiekcexiCRR AL, ahdah&siliadrldbdenctickiesm xdpes not
exceed 12.%-},/ at% 22. The nethod of claim 14 wherein the aspect ratio is at
| east 30: > 23. The nmethod of claim 14 wherein the aspect ratio is at

| east 40:1 . 242. Tha@heehdthdd of claibai 4whdreihige eispedt hgid ibiatlcasssn:i.s greater

t han or equal abaut 1 25. A et hod. of making a . array,

conpri si ng: fofzgﬁ ng 'a°€ ?}B]?)q ?F%%W‘Q(Fe@\'}‘et}eé‘%‘?%?%ﬂq I @t Ste‘{oé{*tri cal
nodes, the suppart makenétabd olsim 54 Whein theasitkndEs & JreaRf ban;orfequaitng a
plurality Bf to1peni ngs through the support nmaterial to the nodes; grow ng
el ectri caPPY"'c'éfluctive material fromthe nodes to at |east partially fill
t he openi ngs; P©be elfedbihodalf makibgredDBAMEra@tempadingr owi ng only within the
openi ngs and corresgondi n% to fi rsf .cra(gaci t(Pr Igl eﬁtrodesl, the first
capacitor el ectrodeOHEN A§URGENAIYE ACHAPM ALY SLYESF P RRpes itas SURRSROVI ng
at | east sm@iadtonpesisyppeast 20uaiterdaabori;0 expose at | east portions of the
first capacitor el e%rrode shdq.\{valtJS' aft% r&r ving said at le st some of
the support material® mingap 6a|yo openings through the support material to the nodes;

growing electrically conductive material from the nodes to at least
partially fill the openings; the electrically conductive material growing only within the
openings and corresponding to first capacitor electrodes, the first capacitor electrodes
having sidewalls along the support material;
removing at least some of the support material to expose at Ieast portions
of the first capacitor electrode sidewalls;
after removing said at least some of the support material, forming
capacitor dielectric material over the first capacitor electrodes;
forming a capacitor plate material over the capacitor dielectric material,
the capacitor plate material, dielectric material and capacitor electrodes together being
incorporated into a plurality of capacitors; and
forming transistors, the transistors having gates comprising wordlines,
and the transistors electrically coupling the capacitors to bitlines.
26. A method of making an electronic system, comprising:
forming circuitry for accessing wordlines and bitlines of a memory array;
and
forming the memory array, the forming the memory array comprising:
forming a support material over a plurality of electrical nodes, the support
material comprising at least 20 at% carbon;

forming a plurality of openings through the support material to the nodes;
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capacitor dielectric material over the first capacitor electrodes; formng
a capacitor plate material over the capacitor dielectric material, the
capaci t orwplatoeipmBeri al , dielectric material and capaciPCoSeéos0sesies

t oget her being incorporated into a plurality of capacitors; and form ng

transistors, t . i avir es, .Conpri si wor dlines, and the
transistors el 2%?‘&'?‘g%chgﬁcggﬂ%%d%{?\%h@g{:egﬁlaf([:cfr? esn(f(%gﬁ? ?{ Iieﬂggart%y f'ﬁ”\’ﬁat hod
of gwlakl ng oaaniegg?hqs eteb’cic?rj&sd:wnluctwnpatimmrggow'rgg]EOMyn/gtmi mﬁujptahi}ngf; anhd accessi Eg
wor dl i nes i : . ry. array; .a or.mn nory array, e
For i ng. & R e Ee3 T cafadlBl e eroy v 7 Cah &b BRet RsTHVR over

pl ural ity solewallgealong dfad suppdesnatetiad; support nmaterial conprising at | east 20

% bon; f ' | ' f o] h h i al
the nodes: gr owi ng o eabyadid SHee8HalREM 2R T el St B o o

| east par sidelays;fill the openings; the electrically conductive materi al

3 cetrodes, "t he {1 r SCEBRMAAS PRty T SRLERR M drele e drbRg L

support maverthalfirst cepanitongletthedesyupport material to expose the first

capaci tor el ectrode gri devvaICI Séc.aftle{ r enovi ng he sugfort material , formng
capaci tor diel ectri CTHITLFCAPAAQEPataRaErIRLG Egﬁ?a‘iﬁpta for gieleqiogaeriak or ni ng
a capaci t thre @dpattormnmate matbriavdelettnie neagéat ahd caghditbedbstiicgasgthalbeirighe
capacitor . pl ate terial, dielectric material and capacitor el ectrodes

t oget her brg(ﬁo gor?t%?gﬁ%grpélfrg@yPL?aooag't%rlsu?% ity of capacitors; and forning
transistors, the trdosiisg vassisiansi ihg tgabsrehadhy yatat electioaip) @iplaa tbfiee

\glo,[ F: hggSWo%ﬂeg,ha%dttrwg ?r%hggt%FsselgétﬁggllglIcggé)lln)é tﬁg légpljallcﬂgrsttg?hecgﬁiﬁgls.t ors to the
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