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oxi de- cont ai is etched is the formation of capacitor container
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cont ai ner openi _ngs within silicon oxide-containing material. [0004]

Ref erring t GOMRHEr Qapagies a8 RRthods SbIAmBA AN A™@Bnst ructi on 10 at a
prelimnary processing stage. Construction 10 conprises a base sen conductor
material 12 having a plurality of transistors 14, 16 and 18 supported

t her eby. Th@wgwﬁi conductor material may conprise any suitable

seni conduct ofooegyTP CSdrtitEHYuBtor proBEadindahdyareqRENtyANIRE 4 @BsintAstdhrgayh f or
exanpl e, conprise, consi st essent :&al Ihsy of , or  caonsist of nonocrystalline
silicon I|igRtiFS PHeeGAINGY BBEEE! wiherslisph PEgR Pot@ning Fiatirial men e Hadapettay be a
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considered to be a,sem conductor substrate, or _a  porti 'gl cgf a sem conduct or
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"sem conductphysphobilisid ghss (PG, arsiotdNioate gRiss sRE)Y.rate" are defined to
mean any construction conprising sem conductive material, including, but not
limted to, [990fk <Ahe RRIGEIoR HhPA PLcan oo taMRt e tSHel b BP0 i er
(ei ther al onige RFmatibn oRsRIERGH RBtafRABPrigad FRIshER ilnBir&kiadodvéntieraon) , and
sem conduct i%’&hﬁ%?{oirrﬁilng lcg aecritgr container openings within silicon oxide-containing material.
[0004] Referring to Fig. 1, such shows a semiconductor construction 10 at a
preliminary processing stage. Construction 10 comprises a base semiconductor
material 12 having a plurality of transistors 14, 16 and 18 supported thereby. The base
semiconductor material may comprise any suitable semiconductor composition or
combination of compositions; and may, for example, comprise, consist essentially of, or
consist of monocrystalline silicon lightly background doped with appropriate dopant.
The base may be a portion of a monocrystalline silicon wafer.
[0005] The base 12 may be considered to be a semiconductor substrate, or a
portion of a semiconductor substrate. To aid in interpretation of the claims that follow,
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
1



(either alone or in assenblies conprising other materials). The term
"substrate" refers to any supporting structure, including, but not limted
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[0009] Ultimatély, shared source/drain regions 42 and 48 may be connected to
bitlines, and the remaining source/drain regions 40, 44 and 46 may be connected to
capacitors. Accordingly, transistors 14, 16 and 18 may be incorporated into a dynamic
random access memory (DRAM) array.

J0010] A silicon oxide-containing material 50 is over transistors 14, 16 and 18. The
silicon oxide-containing material may comprise a single homogeneous mass as shown,
or may comprise muitipie layers. A majority of the silicon oxide-containing material may
consist of one or more of doped oxides, such as BPSG, PSG or FSG; and in some
applications an entirety of the silicon oxide-containing material 50 may consist of one or
more doped oxides. In some applications, at least a portion of silicon oxide oxide-
containing material 50 may consist of silicon dioxide. For instance, a lower portion of
silicon oxide-containing material 50 may be a layer of silicon dioxide, and the —remainder
of silicon oxide-containing material 50 may be one or more doped oxides.

[0011] A patterned mask 52 is formed over material 50. The patter.ned 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
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silicon oxide-containing material may conprise a single honbgeneous nmass as
shown, or may conprise nultiple layers. A mgjority of the silicon

oxi de- contalnlng mat erial may consist of one or nore of doped oxides, such
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Ref erring to ganguctigelywaeed sRNpRRAEORMatssials FVigteria) 74 i e@%@@d”%ﬂﬁiw% a@pdci t or
may comprise one or more of silicon dioxide, silicon nitride, and various high-k
materials.
[0015] Materials 70, 72 and 74 are intended to form capacitor constructions 80, 82
and 84 within openings 54, 56 and 58. Unfortunately, the bowing within openings 56

and 58 may cause capacitors 82 and 84 to be shorted to one another.

BRIEF DESCRIPTION OF THE DRAWINGS

[001 6] Figs. 1-3 illustrate semiconductor wafer fragments at various conventional
processing stages for forming capacitors of a DRAM array.

[0017]  Figs. 4-7 illustrate semiconductor wafer fragments at various processing
stages in accordance with an embodiment of the invention for forming openings through
a silicon oxide-containing material, and for forming capacitors within such openings.

[0018] Fig. 8 diagrammatically illustrates a portion of an etching chamber which may

be utitized 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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materials 70, 72 and 74 are formed within the openings 54, 56 and 58.
Capacitor material 70 is a first electrode material, capacitor material 72

is a dielectric material, and capacitor material 74 is a second el ectrode
material . MAY®PPEOSB1Y and 74 are electrically conducti V& TERY M onpri se

one or nore of netal, metal conpounds, and conductively-doped sem conduct or
mat eri al s. Mmayhealtilizeg tprtfablicasion plocontajner papacikersvand saiakl capesijors oygyiese one or
nmore of sili R fAiAxiae pgafi con nitride, and various high-k materials.
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appropri ate. etching conditions than the conventional conditions utilized to treat the construction of

Fig. 1.

[0023] Referring to Fig. 5, construction 10 is subjected to an etch which extends

openings 54, 56 and 58 through silicon oxide-containing material to source/drain regions

40, 44 and 46, respectively. The etch forms the openings within silicon oxide-containing

material 50 to be more tapered than the openings formed by the conventional etching

conditions (the openings of Fig. 2), and also avoids problems associated with bowing

and twisting. In some embodiments, bowing and twisting may be eliminated. Even if

the bowing and twisting are not eliminated, the tapering of the openings may create

additional spacing between the openings as the openings penetrate deeper into silicon

oxide-containing‘material 50, which may avoid overlap of adjacent openings. In some

embodiments, etching conditions may be chosen such that the tapering is lessened

relative to that shown in Fig. 5; and in some embodiments the etching conditions may

form sidewalls that are about as vertical as those formed by conventional processes.

[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



[ 00211 Referring initially to Fig. 4, such shows a. sem conductor
construction 10 simlar to that discussed above with reference to Fig. 1.

The construction 10 of Fig. 4 conprises the sem conductor base
transi st or sW200YE3_d 18, isol ation region 45, silicon Bypﬁ@oﬂﬁﬁ:fg’él ni ng

material 50, and patterned masking material 52 discussed above with

ref erence topr?Bigal efch onaRPENt@spaecidte with pelivimigde |83k thabthahassbgatedwithd t hr ough
patterned ma%g% ng material 52. A difference between the construction of
Fig. 4 and ‘of Fig. 1 may be that gaps 54, 56 and 58 have different
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bet ween t he @Lp@glﬂrragstcraeg pmesqaen? by eiqmddo aaae ettbdpe@mbiant.oTls Maleoals

oxi de- cont ai rgthréaettﬁﬁrgaé% b | tﬁﬁa%&&g& %{Ea%dogccmngﬁgﬁgyﬁ%geni ngs.

I n some enbo ment s 0osen such
tapering is teé@wn@dsanetcamlg\ﬂgldto t hat shovvn in Fig. 5; and in sone

enmbodi ment s t[ﬁtgzsszt C"fh@@gﬁ@@%‘rﬁdn&@ﬁt{nl B dur grtﬂé ét‘cﬁ‘ﬁ\’?@udhs I%Qﬁ%m%‘é‘orﬁ?ﬂl b as

vertical as t ' fornme conven rocesses.
utilized to emwtesalbloydid. bgsaysebmpBiee aHdaﬁaer?éwglurr@unarmhh@wrmIe- cont ai ni ng

mat eri al 50 H&yt,(ﬂﬁ \)2 o] é} aPQB%éybp ?ﬁ%’ng%n BPﬁ‘ErQetffu%chQ@oﬂé wWitf! ' “m A

pl asma etch ma - based y5|ca base
chemi cal - bagédlupl’@ﬁ@fb@rﬂs @mbOebQimg Utdizeflior @ghememhaaed part efrthe efich. nTb¢ et Chl ng

conponents W, i S reeaction which renoves the material.
The physi cal - % O(?'lf%lr"tz?‘a{y mé“l?% tFt g C@ due to inpact of energetic etch

conponent s i r{O@27ﬂ he Ifn’m elchiag amblem @thmees pdly helors fludrecarbons and O,, itis
found that there may be poor selectivity of the etch for silicon oxide-containing material
relative to masking material 52. This rﬁay be due to fluorine being released during the
etching process and attacking the masking material. {tis also found that inclusion of CO
(carbon monoxide) within the etching ambient may improve the selectivity of the etch for
the silicon oxide-containiﬁg material relative to the masking material. Such may be due
to the CO scavenging released fluorine. Utilization of CO may be particularly useful in
applications in which masking material 52 comprises carbon, such as when masking
material 52 consists essentially of, or consists of amorphous carbon or transparent
carbon. The CO may be provided within the etching ambient to a concentration of at
least about 5 volume percent.
[0028] An embodiment of the etch utilized to etch through silicon oxide-containing
material 50 utilizes flow of the following through a reaction chamber:
from about 6 sccm to about 100 sccm of one or more fluorocarbons (which may
be about 60 sccm C,F5 and about 2 scem C,Fg);
from about 100 sccm to about 1500 scem of helium (which may be about 1000

sccm He);



material (in some ways anal ogous to sand-blasting). Heliumis a |ighter
el ement than the argon utilized in the conventional processing of Figs.
1-3, and t hiypo BRyose the 4 WO 20081073196 PCT/ US20071@¢33R300700ysi cal
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particularly
reference to Fig. 1, comprise doped silicon oxide-containing material (such as BPSG,

PSG or FSG) and/or undoped silicon dioxide. In some embodiments, material 50 may
consist of doped silicon oxide-containing material, and in other embodiments material 50
may consist of SiO,. In yet other embodiments, material 50 may combrise a thick mass
of doped silicon oxide-containing material over a layer consisting of SiO,.

[0032] Although the etch of Fig. 5 is shown extending all the way to the source/drain
regions, it is to be understood that in other embodiments conductive pedestals could be
formed over the source/drain regions, and the etch could then be conducted to extend
to upper surfaces of such conductive pedestals.

[0033] ' The 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



applications in which masking material 52 conprises carbon, such as when
masking material 52 consists essentially of, or consists of anorphous
carbon or transparent carbon. The CO nay be provided within the etching
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PCT/ US2007/ of%%‘é?e’s ?W@&BP ?sta@é?nwv&s&[” aE%%F%@ S &SP whi ch may be
about 300 scawtordoyly, tatdhif cepacitbeubaybesformad waithibibia thighCasp eat mataf op@Ringsvbd,ch  may

Che-anbi ent EPRTIPReTTSBRAEN of “RrBaapE R P O Ree ket T beChRRBar ) or

from about 1@Qtiirdg thé etching @oaditdns diussel labbwy with ffeCUrendensF@nSe about 30

mllitorr); a S ower rom gbout 1500 watt 3000 watts,
(o | net anc 0B8R o868 o B & M dan e Rearparbltintd AP buRl about 2000
watts to ab@peciBRNQ shatdd%,ou(cfemﬁam Redichs @@ and ke uiayHednmedtédtb bitif¥830p | n sone

more 11 uor ocAPBIRE (SRR ARAVGHS e ee fEE T arRTRT o o sfi. 2o 24y " '

hel i um one oe coppbesdd Uwﬁ@dlafebOEsch &@w@tmdlvﬂaalaraﬁasrsm m—meranahs nfdy®eed into

t he chanber duri ngd he e ed’[ 05|t ﬁ i et. Cthl ﬂg anbi ent may
change as proouids’ r%’”}pé'F%Q%'é %’HFCEE e@'oé]tgé g aBF% BRYSOY ¥ s one

enbodi nent s, cbh@nmmauw sowa@'dmrn rﬁgbﬁs 40 mHM)anom eaﬁﬁ)oamé ifviduae t he only
materlalsfl vvedtlntho EE‘ : 2daccord| ?q%{ t]e eteEJl ﬁ]rraterials
flowed in the CRAD rasr%gﬁ e@@ﬁgﬁ] ﬁoe‘V%e B0 reUT'e r'ﬁyf%@ one or
nor e fl uor ocaabanitsr ( f@@sﬁa‘rd:e()&pah&ﬁiﬂmjs diéericily capedoaithdeuaerdrain negian 40at er i al
50 may, as dlasn lfl'lgg ﬁ1 E'%I'tmjeor\{)‘tethe paired source/drain regions electrically coupled with a bitline

(for instance, source/drain region 42 is electrically coupled with bitline 100).



reference to Fig. 1, conprise doped silicon oxide-containing material (such
as BPSG PSG or FSG and/or undoped silicon dioxide. In sone enbodi nents,
material 50 may consist of doped silicon oxide-containing nmaterial, and in
ot her enbodi nents material 50 nmay consist of Si02. In yet other

enbodi nents, material 50 nmay conprise a thick mass of doped silicon

oxi de-containing material over a |layer consisting of Si02. [0032] Although
the etch of Fig. 5 is shown extending all the way to the source/drain
regions, it is to be understood that in other enbodi nents conductive
pedestals could be fornmed over the source/drain regions, and the etch could
t hen be cqgg @hgd to extend to upper surfaces of such conductive pedestals.
[ 0033] The 5 ngs formed within silicon oxide-containing material 50 nmay
be high aspect ratio openings, and accordingly may have aspect ratios of at
| east 20:1, and in sone enbodi nents nmay have aspect ratios of 24:1 or

hi gher. [0034] Referring to Fig. 6, masking material 52 is renoved. Such
renoval may bélaimdcdhpidthoddf imrminganyRAM arsdyl, eompdbingor conbi nati on of
etches, and may for exanple be acconplished with a dry strip process, such
as a strip utiliziprgvidihg pOSSbicodfcearrcamgtructida within, at letclipg rohagheb4the56 and
58 are utilized as containers of container capacitors. Specifically, first
capaci t oserelcentucde comstardtiah cinpridingl @ lurality ofataesistlrs bvefpRdserticondlictor
capacitor electrode material 74 are fornmed within the openings to form

cont ai nesyARAS ih@VidudOof tRE traRdisffs cormBisifPpairdddurE68R Fighsar e directly
over 6 WD 20081073196 PCT/ US2007/023391 source/drain regions 40, 44 and

46, respectively. tinRerEICRRAHIEHSning A6 3} R ndRilkaisni ng. mat eri al 50

may be at | east about m cron thick, and accordingly contai ners of the

cont i et capac { iRy o HebrloRShrehahapifh ARk U5RD. e’ aghe

taII,Ithin capacitors ( e” high aspect rati o openings
22 o ST e A R R RS O B PR,
(0,719 SyehBnRcheREkAT b Sl BB oIS HRCHARRRL B
to bitli régr 0%?0
flowing etching materials into the chamber, the etching materials
consisting of helium, carbon monoxide, one or more fluorocarbons, and O,
utilizing the etching materials to extend the openings into the silicon oxide-
containing material to form containers in the silicon oxide-containing material having
aspect ratios of at least about 20:1; the containers being directly over source/drain
regions of the transistors;
forming first capacitor electrode material within the openings;
forming dielectric material within the openings and over 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



and 102 (diagrammatically illustrated in Fig. 7), and transistor gates 24,
26 and 28 may be conprised by wordlines. Each of the individual transistors
14, 16 and 18 may be considered to conprise paired source/drain regions
(for instance, transistor 14 conprises paired source/drain regions 40 and
42). Further, each of the individual transistors has one of the paired
source/drain regions electrically coupled with a capacitor (for instance,
capacitor 80 is electrically coupled with source/drain region 40), and has
the other of the paired source/drain regions electrically coupled with a
bitline (for instance, source/drain region 42 is electrically coupled with
bi t1ine 10the dielegtrg veatedphi fiermpingaa n@ﬂﬁgﬁt’ 6f cepaeifang withhRaAReaplpegfity of the
conprising: providing a sem conductor construction within an etching
chanber, t hpenigesii dodididoglor capasdeisudiing eleapichky ngoupled umithi tthre ofndividual
transi stors over a sem conductor substrate; individual of the transistors
conpri si ngspeéce/dois cegicrs df tiertransigiassisgndf or mi ng si | i con oxi de- cont ai ni ng
material over the transistors; formng a patterned carbon-contai ni ng mask
over the silicon oxifdemingomtliaesiinglevical icahnedtibe witt seurcedirsiardegions aitthe ni ng
mask having a plurality of openings extending therethrough; the patterned
car bon- contrah41tags; MRk GEATD tiaPbistbrd I IBdVRAr @ sotpddr@ain fregihn@f ethehipaged
materials into the chanber, the etching materials consisting of helium
carbon mongxigedraA&e§long0sIBcthbARY QRPN AP0 el biudiRg of BRICEhAY
materials to extend the openings’into the silicon oxide- contalning materi al
to formco I i id/d i t.akapn jal i ct
gtéﬁbg%é 6tEeF '%%%d:éid;iﬁéﬁﬂ &Y Bt GRERildk! &@gJF@é/Squﬁ rg&gﬁée pﬂectﬁc%ﬂ?

rati os of ast about e contai ners being directl

sour ce/ dr ai ..ANS i i Lng first capacitor electrode
mat eri al whglllﬁl%& Hg%o%ag%llcﬁgg?#tp %lrb %r%yéfcépggﬁﬂsb material within the
openi ngs and over the first capacitor electrode material; form ng second

capacitor electrode material within the openi ngs and over

Claim 2. The method of claim 1 wherein the silicon oxide-containing material

comprises doped silicon oxide.

Claim 3. The method of claim 1 wherein the silicon oxide-containing material

consists of doped silicon oxide.

Claim 4. The method of claim 1 wherein the flowing of the etching materials into
the }:hamber comprises flow rates of:
from about 6 sccm to about 100 sccm of the one or more fluorocarbons;
from about 100 sccm to about 1500 sccm of the helium; and

from about 1 sccm to about 500 scem of the carbon monoxide.

Claim 5. The method of claim 4 further comprising providing the O, at a flow rate

of from about 2 sccm to about 40 sccm.



the dielectric material; the first and second capacitor electrode materials,
together with 8 the dielectric nmaterial, formng 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 formng bitlines in 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. Caim2. The nethod of claim1l
wherein the si |co oxi de-con ing material conprises doped silicon
oxide. daim néiehm?ﬂ?ﬂ 43?% 1%4@*&0%"%959@@6% e 8hiQhi ng
material _consi sts of doped silicon oxide. Claim4. The method of claiml
wher ei n t orecasipRrtogFonsisd ob Lelfd 3y Gelseri al s into the chanber conpri ses
flow rates of: fromabout 6 sccmto about 100 sccm of the one or nore

fl uorocarbons; from about 100 sccmto about 1500 sccm of the helium and
fromabout 1 sccmto about 500 sccm of the carbon nonoxide. Claimb5. The

nmet hod of claim4 further conprising providing the 02 at a flowrate of
fromabout 2 sccmto about 40 sccm 9 Caim6. The method of claim1 further
conprising fornmulating the one or nore fluorocarbons to consist of C4F3 and
CAF5. 10
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