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the terms "semiconductive substrate" and "semiconductor substrate" are defined to
mean any construction comprising semiconductive material, including, but not limited to,
bulk semiconductive materials such as a semiconductive wafer (either alone or in
assemblies comprising other materials thereon), and semiconductive material layers
(either alone or in assemblies comprising other materials). The term "substrate" refers
to any supporting structure, including, but not limited to, the semiconductive substrates
described above.

[0006] Transistors 14, 16 and 18 comprise gates 24, 26 and 28, respectively. Such
gates include stacks comprising gate dielectric 30, electrically conductive gate material

32, and an electrically insulative cap 34. The electrically conductive gate material may
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descri bed above. [0006] Transistors 14, 16 and 18
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of silicon oxide-containing material 50 may be one or more doped oxides.

[0011] A patterned mask 52 is formed over material 50. The patterned mask has a
plurality of openings 54, 56 and 58 extending therethrough. The patterned mask may
comprise, consist essentially of, or consist of carbon-containing material, such as
transparent carbon, amorphous carbon and/or photoresist.

[0012] Referring to Fig. 2, openings 54, 56 and 58 are extended through silicon
oxide-containing material 50 to source/drain regions 40, 44 and 46, respectively. The

openings may be extended through the silicon oxide-containing material with an etch
2



silicon oxide-containing material 50 may be a | ayer of
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[0018] Fig. 8 diagrammatically illustrates a portion of an etching chamber which may

be utilized in an embodiment of the invention.

DETAILED DESCRIPTION
[0019] Embodiments of the invention may utilize new etching chemistries to avoid
bowing and other problems associated with formation of high aspect ratio opehings

using conventional processing. Openings formed with such new etching chemistries
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[0024] The etch utilized to extend openings 54, 56 and 58 through silicon oxide-
containing material 50 may be a plasma etch utilizing a high concentration of helium. A
plasma etch may have a chemical-based part and a physical-based part. The chemical-
based part of the etch is due to chemical interaction of etching components with material
to cause a reaction which removes the material. The physical-based part of the etch is
due to impact of energetic etch components into the material to displace portions the
material (in some ways analogous to sand-blasting). Helium is a lighter element than

the argon utilized in the conventional processing of Figs. 1-3, and this may cause the
4



material 50 to be nore tapered than the openings
formed by the conventional etching conditions (the
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material 50 of Fig. 5 may conprise at |east about 75

vol une Percent helium Additionally, the etchin g
WA 1%y conprise 2 and one or nore fl uor 8EAUSE}H023391
with the fluorocarbons and Q2 being utilized for a
chenifroal alirag ¢ dcpantd abduttdee setratof CthevHidhunapbaabont S00BYcm
' c?e CAF8 and C4F6. [0027] If the etching anbient
rises only helium fluorocarbons and @2, it is
f oundrotrhatiout Iaescemfaybm 4paeems iGe ewhivh may bl dbbat 23 sdtm O,).

ilicon de cont,ai.ni,ng, nat eri al ve to
lo8kep PR i BN E0 Ry BRrE SR 26 of e Blnien R gt yorcs. a
pl’e&iseaﬁeld"md thel rﬁgcttoh&:hetrfbbr mg frpﬁmdm (ﬁnmntatrtu[aakd;m QBOtnhlﬂ?ltorr (for
n that 1L.nclusio

Kin s also f
e aFHR SRl PP TAPRVEhS! G Dot 'SHBMERE haiput 3000
waltfp @endtieees ab@ﬁtzlmo W.étt@)f ah@a seb&ifaté BiasohRo®i dboGOFD00 watts to
Eélde §onta|€ materjial relative to the rrasklng

0Qwattg, 9Nt 2801 IO MRESICO scavengi ng
[0BBOPS e domeosrhbedimbhis! tha@tdhiny &hbie MBY chidist essentially of

particularly useful in 2¢)(Bllcat|ons i n which maskin

hﬁﬂi{r@r‘?%ﬂ orgpore dpracawene dr @ GAd Qolerptirashasartivaskrngich. The

heRirR! dritl or3rore 9NSicthboRs D Bhald, ardthe rﬁéteﬁ&@%b\%é in® the
anmor phous carbon or transparent carbon. The CO may be

Cbﬁramero%'nwt*ewﬁht hé tha eHPRRSitioRET e eteing ambieobmeay gbange as
pRidudts ér@@é&a@%%ﬂnné tNé’étHﬁrﬁ B?d’c%@@t In Jog'%z%hbo%f‘ments the helium,

enbodi nent of the étch ut| ized to etc
O8E O BeFe uqreeareent &ChanthOrnatedhe anlysoatatials fl intotive ghamber;

ahf %oé&lﬂi‘new"tﬁ‘& efchfn@%eﬁal% BEd A& BRARES mdy W&(@'@%‘S&e@to

seem to about seem o one Or nore uorocar
Cewﬂcqfnthﬁafyehy@ Qb@@t meCe Husseratams, aRenstout 2 seem

GH5F) i SR A0SR0 0oy 120088 oo i

refewamce ¢p alboutcomwsg depedsilictD quide-eintaining beaterlsd (suc3@e BPSG,

p;ﬁacfgéé ) rLd‘aH%@gE&btn &oﬁg Ints%[r%o%k? qﬁ&ﬁ%ﬁtgﬁ@@%ﬁl@g% may

com@mﬁdgmds@llmntdmcw qENéEs0g macbénaﬂ deambihenembbdimt\tsenatenal 50

nl(%/r ?uaigof@l?? o}%r W&htepglﬁgé@ﬁlgbfs e?@o ﬂ%?%@np%egthq mass

of depeasilEon @bmletcoﬁfalmmg hlatemlarc)\gera Iepymsmasuspmw Sd,. f rom

BEe] A UMy oA aR8LS iR i Bingie Jpe WAR WiGpprosrcrain

r@HOes, Wad toshet indebsdotd thﬁt)lﬁ oﬂrairtembo(:ifnmnts cetdanie, pealestats could be

watts). [0 nsorre the etc
SHBRalE! iopiserat et PR FE g SRt Hemooeaoied iy exend
td Uppmer sodadesres suCanidci ;fe@bstats | east a portion of an
ﬁ‘ﬁ)gy} T‘H1ee openings formed within silicon oxide-containing material 50 may be high

aspect ratio openings, and accordingly may have aspect ratios of at least 20:1, and in
some embodiments may have aspect ratios of 24:1 or higher.

[0034] Referring to Fig. 6, masking material 52 is removed. Such removal may be
accomplished with any suitable etch, or combination of etches, and may for example be
accomplished with a dry strip process, such as a strip utilizing O,.

[0035] Referring to Fig. 7, the openings 54, 56 and 58 are utilized as containers of
container capacitors. Specifically, first capacitor electrode material 70, dielectric
material 72 and second capacitor electrode material 74 are formed within the openings

to form container capacitors 80, 82 and 84. Such container capacitors are directly over
6



helium one or nore fluorocarbons, CO and Q2 are the

materials flowed into the chanber during the etch, but
WPREEMI6si ti on of the etching anmbi ent nay ch3ﬁ6@55@7/023391

products are rel eased during the etching process. In
ssome/dbalbmetjlmmlt(s 44tand deetdaspegtivelye lmsom®eembodiments, silicon oxide-

RURRE BERAAT s PR B Bl DB LR Bl S ahb e
cmataefelrabfsthé Icorwamﬁer caﬁdc@orsh:&ayﬂ&ratn@aet bBOlﬂGI’mlcdﬁf(mépt 0

consj s f the helium o uor.ocar bons
AR, o i s R mae Sl ERhi 8 HER 35 he Bitogpenings 54,
SBandiEns. Tk lotsiemss edjaabmeaputitons stefreieemother fiag belavoided
&g%blse 3@E§d %kllc%n oxi de-contai ning materi al (such
uljiizi grnaiens disqrssH abRue e rRIENER P P oxi de.
[omssp MeCepRNdi 80 82, and®uahdyAbe aeoﬂps%té‘d)m&j §DFWM geaed
I icon oxide-containing material,

OB sk ae P AranststiaRs A2Ansi4emay bepemeciag tg bitlines 100

E Gl @iagﬁ%narabﬁy il 0RFdd .aIF.g%G/ Y tFREdr Yated 24ND6 Knd 28 may
mass O p i con oxi de- cont ai ni ng materi al over a

hea%?p"é@%!av wprdﬁlg%f Eaghogf the ngiyimuajyransisieys 18ht6 and k8 gray be

cBhderadits cSHPNE: Sarc8RaLRe/Rdih rédg@n |ﬁ§aﬁdéetran5|stor 14

source/drain regions, it is under st ood t hat

cetmEpeepAiedi seermeAlraip reniens %afﬁé@@st%ﬁ@eb gashioighe ff&fwfﬁbtﬁi'

1RN8EtohIRaSOM Gi8hE paidl SRBdHHain raa.en§ B%ct%a@ c%gaiee withef

be conducted to extend to upper Surfaces

capariiee (fPriastaper sappeitor PO FIdctivadly @p@me% g’éh ﬁ@l#fﬁeféfalﬂ region 40),

%trﬁé%esbthbr‘:&%é)ﬁél% é%f&%e?drgfnr}gglgﬁg Efel @ll:aI?Q:orquéd B%th 2 bitline
aspect rati o openi ngs, accor

(tos g@t&ncemquw/dfﬁmaﬁglpedgvs dlectiicallynedpled W;r,tb rimtlme 100)

enbodi nrents may have aspect ratios of 24:1 or higher.

[0034] Referring to Fig. 6, masking material 52 is

renmoved. Such renoval nay be acconplished with any

sui tabl e etch, or conbination of etches, and may for

exanpl e be acconplished with a dry strip process, such

as a strip utilizing 2. [0035] Referring to Fig. 7,

the openings 54, 56 and 58 are utilized as containers

of container capacitors. Specifically, first capacitor

el ectrode material 70, dielectric material 72 and

second capacitor electrode material 74 are forned

wi thin the openings to form container capacitors 80,

82 and 84. Such container capacitors are directly

oversource/drain regions 40, 44 and 46, respectively.

I n sonme enbodi nents, silicon oxidecontaining materi al

50 may be at | east about 1 micron thick, and

accordingly the containers of the container capacitors

may be at | east about 1 m cron deep. Accordingly,

tall, thin capacitors may be forned within the high

aspect ratio openings 54, '56 and 58. The probl em of

adj acent capacitors shorting to another nay be avoi ded



utilizing the etching conditions discussed above with
reference to Fig. 5. [0036] Capacitors 80, 82 and 84
WR)08JE31%0cor porated into a DRAM array. Speci f PEA{US§007/023391
shared source/drain regions 42 and 48 may be connected
GlaIWst | i nes 100 and 102 (di agrammatically illustrated

in Fig. 7)|/W and transistor gates 24, 26 and 28 may be
conpri sed b)? %'Pdl i nes. Each of the individual

t r andi st orssméihod bbewhithg Iito Bigorbexidepemtdidmgdnéterial, comprising

onprise paired.source/.drain regi ons r jnstance, .
GRS PR ptiR A EBe et Rtk 4P oGt oty
and 42). Further, each of the individual transistors
has gne of_the paired source/drain regions . , _
o ectr T calhs nessish BFaify hloResisment it TorbRatngdba slcaing ambien
t€ 8RS decdined} mére@lig@taiveas.l y coupled with source/drain
region 40), and has the other of the paired
source/drain regions electrically coupled with a
bi t1izne (froe rhéthdRBICRaiMSPMFAEY SEnAridin ergmqmat@ thé etching ambient
electrically coupled with bitline 100). CLAI I/ we
1 PRATRRSe1CarOMBPRGYFSf et ching into silicon
oxi de-containing material, conprising utilizing an
et chi ng anbi ent which includes at |east about 75 .
vol ufe perl&erethed piaigima further ¢aspmisinggiroigiag theletching ambient
at oW RREs 6QAPYdisd:ng fornul ating the etching ambient to
conprise one or nore fluorocarbons. 3. The nethod of
claim 2 ffefmaout B#pem 40 APyt dPRFem chthetane asmutie figorocarbons;
anbi ent t@roﬁﬁéﬁ%ﬂt $60 SEPRILITRD XY &:cm"'?]f tﬁ@ﬁélﬁf‘rﬁ;%ﬂg of

n t ng

claim 3 further conprising providing the etchi

ambi ent affrofm @wut Aseeym toaprUt SDA gecn tbieiatnn BoraEt®. t o

about 100 seem of the one or nore fluorocarbons; from

about 100 seemto about 1500 seem of the helium and

f r omSaboutThe meeieed ofclaimotiiurtbeccasrmisingffotrmdatingrtbe atching ambient’
j a Al furt ri sing

R0 24 AP b i Qhot it MU sebT DD o "o

flowrate of fromabout 2 seemto about 40 seem 6.

The t ho f ' : IS ' .

the Ston Ny dindh P it bl ABRElB! BRI R kAR ambient

thedrisistnessamdialtyr ofriine belfum) @ne oamooeByorocarbans, nanbor intaozidd and

. 7. The nethod of claim2 further conprising
el ecting the one or nore fluorocarbons to conprise
CAF8 and CAF6.

7. - The method of claim 2 further comprising selecting the one or more

1

fluorocarbons to comprise C4Fg and C4Fs.

8. The method of claim 1 wherein the silicon oxide-containing material

comprises doped silicon dioxide.

9. The method of claim 1 wherein the silicon oxide-containing material

consists of doped silicon dioxide.

10. The method of claim 1 wherein the silicon oxide-containing material

consists of SiO,.



8. The nethod of claim1l wherein the silicon

oxi de-containing material conprises doped silicon
WRi2898/781969. The net hod of clai m 1 wherein theP&T{(SgYr/023391

oxi de-containing material consists of doped silicon

di oxitde. 20mefhiod ofrsrining apfenimbaima silivdrerxédercdrita@nisg Inmateral,
ngﬁ%ﬂs-&ont aining material consists of SiG2.11. A

“hethao® of form ng openings in a silicon .

oxi de- contaividimga satmeohdlictorcammptriicion guithpr anvétdhing ckamber, the
S?eq%cgnqqptor qgn%truction mﬁtpin an, etc Lnﬁ%ch?nbgr,
R U RRTRY PN COMBEIYINE theor B BXIde SRR Mgfqriat yer @
sedededmmbiiémtg, ad @frﬁ;ﬂlsiu@/aépatﬁerﬁaﬂ%am@duﬂit@ihing mask-over the

ubstrate, and conprising a patterne . _
SBEP OHOR SR TG REIng PafleRe caftiTgRtaining mask having a
pRihlBEoCepEhfigaicr@namberdrathiodghe pat t er ned

car bon-cont aj ni ng nmask having a plurali tg. of openi ngs

ext endi ng PHIASAFHALYHY fe Birishgmbes iasgiching fiidicemprieng at
|Reamanr 75 VBRinRE gditdH nblith hriUBRipriging &t Rlasl &t 5 3BRHe percent
75 volune percent helium and conprising at |east

@_@fj 5 volunme percent CO and utilizing the etching

fluid in gniglsiheleHng RIdin HotoP &RNERER thBHBehiREs into the silicon
silicon oxide-containing material to formcontainers
Oxifercratagling aleriskipdeeenitiainersiy thesrlisen aridpgentadingspaterial
he@hé @8p&dh ratfoslopasibasik@ylt 240 1 . 12. The nethod of

claim1l further conprising formulating the etching

fluid to conprise one or nore fluorocarbons. 13. The

met hqd, of TRbhdthddPof dMifAI fuRREMOHTHER ff&%ﬁkﬁ' i g flui
etching fluid to c%rrprli se lCJ)2 1A?W1Uhegrret oéﬁgftﬁgg?%ﬁlrﬂrg fluid to
COTPliFRPRE oF MR fhiorqcadendi oxi de- cont ai ni ng mat eri al
conprises doped silicon dioxide. 15. The nethod of

claim 1l wherein the silicon dioxide-containing

mat er'Bal doasnethed efclalmp@dughéri aopmpriding tordwilatieg the etching fluid to

of form ng container capacitors, conprising:

Cg'ﬁ%&%?ﬁg a sem conductor construction which includes
doped silicon oxide over a sem conductor substrate,

t he ped Ll ' ' . st 1.Cr O :
thi ol o e mer B AR AR b S35, AR ed il Hateria
cainphisesrdogied|silingn fiowidd.

15. The method of claim 11 wherein the silicon dioxide-containing material
consists of doped silicon dioxide. ‘



conprising at |east about 75 volunme percent heliumto

formcontainers in the doped silicon oxide havin
Wa2BBAN3P4t i os of at | east about 20:1 ; form ngcgﬂ;sgqm/ozssm

capacitor electrode material within the openings;

f or mieg difemethodiot fareingrdomtaivertcapacitols coppnsinggs over

the first [ tar el ectrode terial: and formng ..
Socond’ capianin b apafioRaiSHERRIGion i Ac e 8354 siicon
oajdemivags seweonditordiubkteatt | the dopésiliadn. oxide. beligatteddtadout 1
of cltai m 16 further conprising: formng a patterned
THE'SR !Wiér t he doped silicon oxide, the nmask havi ng

gaps ext emciirrg@g mgdsmﬁrgjshn ﬁwg?bdea_sdiebh Eﬁdé Q@tAtah@sichigy fldidne
openi.ngs; . an erein the formng t openi ngs .
cBBRIF N &b IoBR AR g VaHRE BEEEN A tmodoREaEE it fng dAped
silidombas€ havibfaspaer ratiog of AeAbetReh:mask conpri ses

form ng the mas{g!to c%g)rise carbon; and further
conpri si ngori”H%Q gt cRPaeksrigiPatnee sateriahyithin (heioPeningshe
nmet hod of tehahdridfRctridmbdierial WRRRIthe bpénhiRgLN e iHirkRpacitor
etching fluid at flow rates conprising: from about

eleclRdie BRI ¢00 seemof one or more fl uorocarbons;
from aboutiokfify SQRRYLapANBHElIedRH: ﬁ%ﬂél%ithﬁﬂ”‘lﬁe%ﬁi\’l%over the

and fromabout 1 seemto about 500 seem of the
digiRCtiRMAHabf claim 19 further conprising providing

the etching fluid to conprise Q2 at a flow rate of

from about_ 2 seemto about 40 seem2 1. A nethod of
fornildg a ThRAMEPG alclaigolflurtserpmsistidi di ng a

sem condugdBiin £ 2BakéHES QK Budithe d@ﬁboeéi%h'?ﬂio%hfh%}?ﬁ%si}( having

t he sem conductor construction conprising a plura

g8ps extanding therethipugh tadefing leentigne olohe oneRIngsived

i ndi vi dual,Rfeit B HFRAS ; IS | [

sour ce/ drz;{\ll n erleg%ons; ?or?émgé@'r@?lrzpf:dgﬁg%?)g%{-({':ﬁthgigﬁf)ﬁg
mat erial over the transistors; formng a patterned

car bqg: CO%@!n%tﬂgd %&ﬁn’mﬁ%hérgl‘ﬁ tﬁ% Hrr‘?\%g; the patterned mask
oxi decont ai ning material; the patterne
cempbiegsfouminaitire mgskresiontpise wgrbanpang fatthencoofprisipginahgiing CO in

e g, " he et ohi ng mater fals congisting of
hel i um carbon nonoxi de, oxygen, one or nore
fl uorgear qﬂg%etﬁl&]éjot(géim 18 further comprising providing the etching fluid at
flow rates comprising:
from about 6 sccm to about 100 sccm of one or more fluorocarbons;
from about 100 sccm to about 1500 sccm of the helium; and

from about 1 scecm to about 500 sccm of the CO.

20.  The method of claim 19 further comprising providing the etching fluid to

comprise O, at a flow rate of from about 2 sccm to about 40 sccm.
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utilizing the etching materials to extend the openings
into the silicon oxide-containing material to form

WOSABHA3AEFs in the silicon oxide-containing maf€el{Ugp007/023391
havi ng aspect ratios of at |east about 20:1 ; the

cont @&iner A inethog ocﬂidrmtrtglayDB%M ais®y compdsiag:n regi ons of
the transistors:;

fir apaci t. el eci] odﬁ
mmteri al WG a8 BB pEPaRRG i EEhng SRamber, the
S“ﬁ"'@“d%tomdﬂﬁtrﬂcﬂoheom@mg asplarality o¥ eandiiersfovesa semiconductor

TP R o Rl I o R BB e PR SO P oSS

di el ectri Gori’f&:ﬁgiﬁlinﬂin,oﬁdéecdritélﬁlhg aitlers® 6M1dhE BRAGEORE
el ectrode materlals (ggyher wth the dielectrijic
I

material, PGVRG ﬁﬁagerap PRFORRINNGIRRS Bfes thA TR axisle-

cBhtdinifg rTn}z(te@iEI trepaRATRid AR onl dHhtahiHY Plask ARARE bYIFalRg bNebenings
electrically coupled with the individual source/drain

XegrBadN G eHgN r ansi stors; and forming bitlines in
el ectri Ca'flo%@&%@ﬁawrkﬁ |ﬁl‘6%§@V]Qﬁ@érnth@%mmgfengee

transi stors; individual transistors havin
cepgisttg/ msl'wnf@gmfhm@momcﬁﬁe op¥gancane eumees f qarbc@gl ans02;

el ectri caljiizicPunel Bhiny fBtefiakit ﬁlekt'éﬁd He 56@%{?3%'{3'%4 dilicon

of bitlines, and haV|n t he ot sour ce/ in region
o¥idetaeBtaiung mt%@mod@rmcmtwne@gm messnlmoe@mde@@mawng material

h%@iHBlagged’tV'rétrbs%.f ca‘ﬁ‘l@é&'atbgkt 1tth§ cBrlltHI'hg 'ﬁe¥ Lﬁfcﬁlhectly over

capaci tor s claim
sewiepidrain ﬁ%ﬂ"?@rqﬁﬂﬁﬁgtf@ﬂﬁ@t@atterned car boncont ai ni ng mask

to conpri ng.ﬁ%‘ﬂépéar %Bﬁor%‘i’é'cl?r%?o rlaTWﬁhlﬂ%J]ggen(ﬂIgs

claim2 1 npri si ng atlngthe one “of
mor e f | uof@erardbdiakectio nalerdl sithofthE€opdniagriar@id@r the first capacitor

electrode material;

forming second capacitor electrode material within the openings and over
the dielectric material; the first and second capacitor electrode materials, together with
the dielectric material, forming a plurality of capacitors within the plurality of the
openings; individual capacitors being electrically coupled with the individual source/drain
regions of the transistors; and

forming bitlines iﬁ electrical connection with source/drain regions of the
transistors; individual transistors having one source/drain region of the paired
source/drain regions electrically coupled with a bitline of the plurality of bitlines, and
having the other source/drain region of the paired source/drain regions electrically

coupled with a capacitor of the plurality of capacitors.

22. The method of claim 21 further comprising forming the patterned carbon-

containing mask to comprise transparent carbon.

23. The method of claim 21 further comprising formulating the one or more

fluorocarbons to consist of C4,Fs and C,Fs.
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