H GH ASPECT RATI O CONTACTS Technical Field The invention

rel ates to sem conductors and sem conductor fabrication nethods. Mre
particularly, the invention relates to high aspect ratio openings in
insulating | ayers and plasma etching nmethods for formation of high
aspect ratio openings. Background of the Invention 10During the
formati on of sem conductor devices, such as dynam c random access
menori es (DRAMs), insulating |ayers are used to electrically separate
conductive layers. It is often required that the conductive |ayers be
i nterconnected through openings in the insulating |ayer. Such

openi ngs are commnly refer H 6 SPECH RO ROIREAGTS. | an opening

extendi ng through an 15insulating |layer to an active device area) or

vias (i.e., an opening extending through an insulating | ayer between
two conductive |ayers). The éﬁ%ﬁﬂ@@iﬁﬂéan opening is of

particul ar inport angf iiHioh btk to SXNEMMSIBPA JehfcHIRERE bRkSdL S
when the' contact hole or via is provided or filled with a conductive
material . As mwhodsm¥emsparicwniye s ipyantiop relaips txiigh aspesheptio oppeing®

aspect ratio (hheuladhl ®yRls SRR Lethil MetRls FIFRRANNEhi ERPHSct O

increase. As the aspect ratio’increases; however, a phenonenon terned
"tw sting" cad2idTeRfunSwi sting occurs when the etch front of the
opening starts deviating fromwhat is perpendicular to the

sem conductor substrate surface, for exanple, openings in the shape
of a corkscrew are possible. Thgﬂﬂﬁﬂgﬂﬁhgggﬁhﬁ@ﬁﬁﬁbn with respect to
25 high agpect ratipuiddAR) fORRIALASS serdichh@RiRMBYcEs, shcH LAdynkil StanBsin
reduces the efficiency of a_caqntact i hcreasi ng .the di stance

ct Dby ;
bet ween acti vé‘°6‘§§F&Fén%iféé@%s)bylwﬁé?%ﬁ%’?‘ﬁ@q w&dde plepigplly sgpprate

filling a contagiudtivkay@rs: Q0 TeneqiiRdehdtahe coFustikelayds S8 t abl e
solution to the twistin pheﬂonenpn in HAR'ﬁéCh procgs es i s desired.
.30 Sunmary of'MEFROPPFRIEhirQtgh openings indhe ipsiiatRg dayst- PeBYEA e

di scl osur e i nabugdgordy REas® dsonRbCIHIAYi.8) ah BEHling Exgndiny Srowdi 4h a
first gas %(S)US igéu Q&%tla%}‘{é A ag:i\fel e\w,ivicre%E‘e%) gls \gilajtg {i(.ae.,calflxboip%ning extending
through an insulating layer between two conductive layers).
The profile of an opening is of particular importance such that it exhibits
specific characteristics when the contact hole or via is provided or filled with a
conductive material. As minimum feature dimensions of devices decrease, the
20  aspectratio (the ratio of depth to width) of the openings needs to increase. As
the aspect ratio increases, however, a phenomenon termed "twisting"” can occur.
Twisting occurs when the eteh front of the opening starts deviating from what is
perpendicular to the semiconductor substrate surface, for example, openings in
the shape of a corkscrew are possible. The twistihg phenomenon with respect to
25  high aspect ratio (HAR) openings is problematic in that twisting reduces the
efficiency of a contact by increasing the distance between active device areas
and by increasing the difficulty of filling a contact with a conductive material.
As such, a suitable solution to the twisting phenomenon in HAR etch processes
is desired.
30
Summary of the Invention
Embodiments of the present disclosure include a process for etching an

insulating layer with a first gaseous etchant having a flow rate (square cubic
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centinmeters per mnute (scorn)) at least fifty (50) percent helium
(He). According to the present disclosure, tw sting phenonenon in
hi gh aspect ratio contacts (HARCs) can be reduced through the use of
the first gaseous etchant as described in the present disclosure. In
ot her enbodi nents, the first gaseous 5 etchant used to etch HARCs is
a mxture of Ar and He. In one enbodinent, the first gaseous etchant
can be a m xture of about ninety (90) percent He and about ten (10)
percent Ar. In yet another enbodinent, the first gaseous etchant is
He. As used herein, the tern1"h h asg&ct ratj o, contact"” '

(HARO) i ncl udesneéwhteates migpterFerg) 2Wpast Aftyke))grereent helines (HR). an
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silicon dioxide, phosphorous doggd silicon dioxide, or a dielectric

such as si I cartehagy usgd to sfohi AR CE 5 awixtare| of g, anflé”{er A8t embodiment, the
orthosilicate £ IFRBlousRtnaheldrtld PRHASERY LBAR nlRtP o bercehit 19¢ lullcpzﬂﬁwut

nitride. Qther exenplary materials include, but are not |im edt
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Dow Chem cal Conmpany of Mdland, Mch., Vel oxTM nuI act ur ed

Schumacher of %ﬁ%aaem@% ""fas a“@forlﬂi?ﬂﬁ’f:e?m A srEEes g By ﬂg%?t

of Morri sti@wn, raB@ (MNedatid¥if deépeh id\ﬁxdf}gl’olffaillem 161 10ARAsSpthskaentbyesdous
etchants, not neceSsari I% cont |n| ng, as . al‘?cgen %Ar) xenon .
(Xe), and conmbShEmi disise @P’@BT’ II“F‘P%?” Vs SRFIEYSS s h S

havi ng aspect troasbpﬁatecrfonaﬁ&ﬁzeumis Mplésﬁaflnsummrgheyeasmmemicnm
osi t.i on, of

ot Ghant can bedBXdRaRgER B R aaeR G og Bmtie. Bt ARSI TICVEnd: SCT EqLE
fifty (50), peglientotige, silane, tetrabmyhmlaﬂﬁlchtec{ﬂ‘ﬁbSenﬂgﬂgluetrmd:qroahplﬁm@ ess
5 et b chesan Lk BASLAVEE, WD URBLR e dpLomy
of about 15: 1, lifnkred kg @useditgdrogen ex aléyd sithefqriozans @binghsiti pww) theovagiveh
the opening t OPo yAr?nge? }t_:.ther h!'AEE)OgoI:%lers suc 51{[ asQSDILE(® manufactured by The Dow
Chemical Company of Midland, Mich., Velox™ manufactured by Schumacher
ofiCarlsbad, Calif., or FLARE™ manufactured by Honeywell of Morristown,
20 N.L
During the formation of HARCs, second gaseous etchants, not
necessarily, containing He, such as argon (Ar), xenon (Xe), and combinations
the:;'eof, can first be used to form openings having aspect ratios of less than
abount 15:1. As the aspect ratio approaches the 15:1 value, the composition of
25 the second gaseous etchant can be exchanged to a first gaseous etchant having at
least fifty (50) percent He.
In an additional embodiment, a process is provided that etches an
insulating layer with a plasma of a heavy ion to produce an opening. Once the
opening reaches an aspect ratio of about 15:1, the heavy ion is exchanged for a
30  light iom to etch the opening to an'aspect ratio of at least 20:1.
In another embodiment, a process is provided that etches an insulating
layer with a plasma of a gaseous etchant to produce a HARC. Further, the

HARC has an elongate, symmetrical shape and an aspect ratio of about at least
2



I n anot her enbodi nent, a process is provided that etches an
insulating layer wwth a plasma of a gaseous etchant to produce a
HARC. Further, the HARC has an el ongate, symetrical shape and an
aspect ratio of about at |east 2 15:1 for a depth di nmension of
about 80 mu. Enbodi nents of the present disclosure can al so be used
to form HARCs havi ng an aspect ratio of at least 20:1. In one

enbodi nent, a contact is fornmed in a insulating |ayer where the
opening allows an axis perpendicular to the insulating |layer to pass
through the 5 @g??ing to the bottomuninterrupted by the side of the
openi ng. Furt het'! Yeededhfipensiogotahoy$oninngEmbatimpaty ofdbe argsent
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conpri si ng ot hEre e oridevjes quiiisdrpfon Aercemanosy B May dynamic
refers to ENy sHPRAREEARE nihidte (DRAM), BEstHEE AEdoRbecdde ndudF ;
t he sem conductive substrates descriped, herein. As used herein, the
term"layer' encorrp‘§§ é‘%%“rlbeé‘flﬁ t?‘ﬁéergﬁ SERicQPduGier JRerale L Palseminradustive
ot herw se i ndi adtteste" Asletineditd@efi dhy dohgricBbAcapribivk StrhRGndWtive
"tw sting phengnenon. rtef.er 0 en th tch front of the opening
devi ates from %tﬁfl%ir’]gm%’é‘{’%ﬁ?b‘ﬁ Boh ﬁ’f‘ltef‘{)totiﬁ %eé‘ﬁi’%‘ﬁﬂ‘ﬂiiﬁ‘fﬁ’@?“e Bl Steinter
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keeping their TEPALTE %Bﬁent‘réc b FOt Ly PYBICGREUGHYS SHRSURIRS
gaseous nat er i descriimolvirerdior Asteid hereinbthanphedapdh" sadongfabes hetctheve
gases for use é’i\glgturl]artagﬁ the plural unless otherwise indicated. As used herein, the term
20 "twisting” or "twisting phenomenon™ refers to when the etch front of the opening
deviates from what is perpendicular to the semiconductor substrate surface.
It is to be understood that the first gaseous etchant and second gaseous
etchant act as inert gases in conjunction with a reactive gas to etch the dielectric.
Therefore, as a reactive gas is added, the flow rate (square cubic centimeters per
25  minute (scem)) of the first and second gaseous etchants would be adjusted while
keeping their relative amounts the same. The reactive gas may be any gaseous
material known for etching. Examples of suitable reactive gases for use with the
present disclosure includer hydrogen bromine (HBr), chloride (Cly) carbon
tetrafluoride (CF.), trifluoromethane (CHF3), and the like. It should be
30  understood that the selection of the reactive gas will be determined by the
substrate to the etched as well as the physical parameters of the etching process

such as power, pressure, temperature, and the like.



present disclosure include, hydrogen bromne (HBr), chloride (Cl12)
carbon tetrafluoride (CFQO, trifluoronethane (CHF3), and the like. It
shoul d be 30 understood that the selection of the reactive gas w |
be determ ned by the substrate to the etched as well as the physical
paranmeters of the etching process such as power, pressure,
tenperature, and the |ike. It is to be understood that al
percent age val ues of etchant materials are flow rate percentages. For
exanple, a first gaseous etchant having at least fifty (50) percent

hel i um (He) woul d an that of the gases flowing into a plasm
reactor, fifty (SO)WE;ﬂ%FOCI%enLEndeSt?Wg centagr vakienpf erelast sagpsials are

mnute (seen) flewYatdperddntagés. IRG@khRpleDN itk ghdRud ¥BNMM Udving at least fifty

Figure 1 illus tes a. . C[0Ss cti of structure illustrating the
tust ng phencrnBReeROEp g G ioufitmaanhal oithe eaves Toming ip & lesina

twi sting phenorasen fifty (50) perbéft WEeheAsqhbre@uBic R RERM (S A nhWicsici) 9
data for o nlﬁ?s formed wth a gaseous etchant of He versus Ar.
us

Figure 5 il ates an enbodi ment cross section of a resulting
structure after performance of one etch nethod enbodi nent

according to the present 15disgl.osure.. . Figure 6 is a picture
showi ng one resul ting structuréﬂﬁﬁ%ﬁﬂw@‘%@%ormnce of an
et ch method accor di Riguteol ilhetrptees efvss Sdcfioh 658 Eucture illustrafing WeSwistin
illustrates a general diagramof a plasnma generation device suitable
for use with efOaM s of the present disclosure. 20Figure 8

il lustrate® a syst eRighesi2ngda are piutyres hovase te tWANtiGR pABndR&Rdinng
roca “ootal ot DocoTieBPER SHABR pRVidnE oRER Dl R SEesiRE Srmel wif a
gaseous etchant of He versus Ar.
Figure 5 illustrates an embodiment cross section of a resulting structure
after performance of one etch method embodiment according to the present
15 disclosure.
Figure 6 is a picture showing one resulting structure embodiment after
performance of an etch method according to the present disclosure.
Figure 7 fllustrates a general diagram of a plasma generation device
suitable for use with embodiments of the present disclosure.
20 Figure 8 illustrates a system having a memory device in which an

opening according to various embodiments of the present disclosure can be used.

Detailed Description
The Figures herein follow a numbering convention in which the first

25  digit or digits correspond to the drawing Figure number and the remaining digits
identify an element or component in the drawing. Similar elements or
components between different Figures may be identified by the use of similar
digits. For exarnple, 110 may reference element "10" in Figure 1, and a similar
elemeni-may be referenced as 210 in Figure 2. It should also be apparent that the

30 scaling on the figures does not represent precise dimensions of the various
elements illustrated therein,

Producing high aspect ratio contacts (HARCSs) with aspect ratios of

greater than 15:1 has proven difficult due to twisting phenomenon. Figure 1
. 4



The Figures herein follow a nunbering convention in which the first
25digit or digits correspond to the draw ng Figure nunber and the
remaining digits identify an el enent or conponent in the draw ng.
Simlar elenments or conponents between different Figures may be
identified by the use of simlar digits. For exanple, 110 may
reference elenent "10" in Figure 1, and a simlar elenent may be
referenced as 210 in Figure 2. It should al so be apparent that the
30scaling on the figures does not represent precise dinensions of the
various elenments illustrated therein. Producing high aspect ratio
contacts (HARCBIOWHesandByrietion af ivgsting phgpemerqn. tfh%xﬂluﬂsatid rﬁé@trprlw%h
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104. Inl%iﬂfﬂlie(ﬂ@ﬁn@ﬁd i asymretrl es in the top 103 of the

openi ng 104, due tolﬂﬁﬁaﬂbhtmré%lfl}heﬁ{es@m%%ﬁ 109 88H1RDpekif léhﬁﬁeto
cause asymmetric char @g at the t 103 of " the opening
sfapay
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flux to one area. O her | ustrations of aopenings exhibitin

twi sting phenoffsydher eause thePpening 194 snptch frsisr gioas sbled g dye ?‘U’I‘F@ﬁsﬁdn
contact hol e Ofoid® BLEH & frhte PMOCEESrRhE 8 SWbniflsGRhibking the twisting

phénomenon (circled) are shown in Figures 2 and 3.
Often in contact hole or via etching the process starts out etching

15 normally (e.g., no twisting), but at a certain aspect ratio the etching action begins
to twist. In some instances this transition occurs at an aspect ratio of
approximately 15:1 for a depth dimension of about eighty (80) nm. Twisting is
particularly problematic in etching processes that use heavy ions (e.g., argon
(Ar) and xenon (Xe)), where the etching plasma has a large energy disparity

20 between the ion and electron. The large energy disparity results in the heavy
ions reaching the opening with a more vertical velocity than the corresponding '
electron from the plasma. As a resuit, as the aspect ratio increases above 15:1
for a depth dimension of about 80 nm, ions begin to accumulate at the bottom of
the opening. As additional ions continue fo be introduced into the opening they

25 _ are focused and defocused by the electric fields, causing profile distortion and a
reduction in etch rate. The reduction in etch rate is termed "aspect ratio
dependent etch rate" due to changing etch rates as the aspect ratio of openings
increases and is a result of charge buildup at the bottom of an opening. Also, if
there are any asymmetries in the charge build due to pattern, polymer, or feature

30  asymmetry, the twisting phenomena will result as the ions are focused fo one
side of the feature. Embodiments are not limited to the about eighty (80) nm

depth dimension given in this example. Other depth dimensions are also



15normally (e.g., no twisting), but at a certain aspect ratio the
etching action begins to twist. In sonme instances this transition
occurs at an aspect ratio of approximately 15:1 for a depth di nension
of about eighty (80) urn. Twisting is particularly problematic in
etching processes that use heavy ions (e.g., argon (Ar) and xenon
(Xe)), where the etching plasma has a | arge energy disparity 20
between the ion and electron. The |large energy disparity results in

t he heavy ions reaching the opening with a nore vertical velocity
than the corresponding el ectron fromthe plasm. As a result, as the
aspect ratio i PeFHRlS cinchidingstha®: oredterrthan efahtyH(8e) mensi dwselesabvateigdty
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are then neutralized by the electrons entering the openings. As additional ions
25  are introduced into the opening, they continue to etch without being repelled into.
the side of the opening. As a result, twisting of the opening is reduced for
openings having an aspect ratio of at least 15:1 or greater with at least an eighty
(80) nm depth dimension. Also, as the aspect ratio increases, it is not
accompanied by the usual charge buildup which affects the etch rate. Therefore,
30 the use of light, low energy ions also eliminates the aspect ratio dependent etch
rate enabling the etch rate to remain approximately constant throughout the etch.
As used herein, light, low energy ions for use as a plasma etchant include

those from helium (He). In various embodiments, a first gaseous etchant having
6



20 reduction of the energy disparity between the ion and the el ectron
of the plasma. Because of the |ow energy disparity the ions are able
to neutralize the negative charge at the top of the openings. This
facilitates the entry of nore electrons into the openings. Positive
charges fromthe ions at the bottom of the openings are then
neutralized by the electrons entering the openings. As additional
ions 25are introduced into the opening, they continue to etch w thout
being repelled into the side of the opening. As a result, twisting of
the opening is reduced for openings having an aspect ratio of at

| east 15:1 or ajlesst BRY (2@ pergent Hads ussh tepigh & jnspiting danege pharesult has

di mensi on. 1 e el iR ALl B RNLARKARASEn hlcdifnd BhefgsaEPAN ed

by the usual charge buil Evvhlch affects the etch rate. Therefore,
30 the use of mﬁ@mmg legovs e igugy 4 penédesiasemaerisanefithe tyisingRirsemepan i o

dependent etc fbﬁs@%&d%’i‘éﬁédlﬁ% drdiRa&irel tﬁ@ﬁl%t %&eém}&n@% é%&a@ﬁﬁﬁil ¥50)
const ant throughout the etc use erein

energy iong f dreressis Heevegsus theshingt éﬁséﬁ%rﬁtcha%‘%%?{eﬁ@@é‘aﬁgﬁ #ith él" hF‘ um

(He). In vari %stﬁféqﬁqiz%@@hs\was%éésﬁﬁﬁ b9%§§lgﬂl§g%&ﬁ@ﬂétxdﬁadﬁtﬂeget§hecﬁt
| east fifty (50) percent He is used tg etch a insulating |ayer

he
result has beetreanedERmp BpoRagiRapEntenlise pPHERS Humsiohe serpt 9hihe top of

et chi ng openi ngg ogs'mhgsms@aém th@yRicSssedhGt Be $hd¥ly Q\4hfd0S: AngOPRYiLtERN
of the tw sting phenonenon observed in openings etched when the first

gaseous et chardndfigsnofshewdwisting grapter tepn oweﬁosﬁrﬁ‘éo)r@nwﬁm(wwgrqm they

gaseous et@handenR2iing 2Bt ped aiteYwiMing B&rboll B tHRDrbéeskdsaislig 4 was
measur ed by anal é/m ng the deviation of the etched opening from an

i magi nary cent®&f PMHENEY AEndi ng through the center of the top of the

openi ng. As shown, h{{BeREQGESERSodUBERS, dpeninBOMMInSaRhdpREL thBHGLatdbast
t han about, for

tw sting and do not show t great r ty (40
nanoneters (nn)>t CBRPE REh %ﬁ‘é'g‘hﬂjéerp lpsrp.0 l@Bﬁﬁﬁ?WtFWﬁ%‘%?W’gﬁtﬁe@ﬂ
observed Lgr dt ﬁﬂy m@%@&ﬁaﬁﬁHBS BRGVIANR dELRA hbyin\bther gae;.ces cat Fe tided with
vari ous enfodi o en an asp ratio of at least 15:1
can be et ched !i’éﬁ%ﬁ %?heain‘%fgas“f’o fg‘g’@ﬂ% et chant contai ni ng
at least fifty (50) Aﬁlﬁbﬁ@ﬂﬂleldeeo%ﬁmgéseb& dbmumﬂnh@reeimstmheam
gases can be used wi h 1 He Io.iIo as of the f

ot chant 't howrgrertine migdeest seiepll ISl ERep amSSen i e

| east fifty (SQ)H@Ep%ﬂbesHbvﬁt@ﬂH@eﬂaﬁﬁgm dsur@mé Hye teeissspdoninstskng t han
processes W t hoyt

PLOSES5e L BA LA R85 5 BEYE LERSEL BN o R 70
first gasenus tiechakilaaand Eiadnmda\‘hmmyer being etched.

To minimize the mask selectivity issue, embodiments of the present
disclosure provide a significant portion of He to the first gaseous eichant once
the phenomenon of twisting begins to be observed in openings in insulating
layers. In the embodiments of the present disclosure, twisting typically begins to

25  be observed at openings in insulating layers having an aspect ratio of at least
15:1. By adding He to the first gaseous etchant once the opening has reached an
aspect ratio of at-least 15:1, the opening can be etched to an aspect ratio of at
least 20:1 or greater with less twisting than when He is not present. Also, since
He is used for just a portion of the plasma etch, the effects of helium's poor mask

30  selectivity is decreased.

One such embodiment first etches an opening in an insulating layer using
a second gaseous etchant containing Ar, Xe, or combinations thereof until the
opening has an aspect ratio of less than about 15:1. As will be appreciated, the

7



20 the mask |l ayer and the insulating |ayer being etched. To

m nimze the mask selectivity issue, enbodi nents of the present

di scl osure provide a significant portion of He to the first gaseous
et chant once the phenonmenon of tw sting begins to be observed in
openings in insulating layers. In the enbodi nents of the present

di sclosure, twisting typically begins to 25be observed at openings in
insul ating |ayers having an aspect ratio of at l|least 15:1. By adding
He to the first gaseous etchant once the openi ng has reached an
aspect ratio of at-least 15:1, the o i n be etched to an aspect
fatio of at | ¥Eehd BERe b e AL QU P 68 THPSIoR GG FRET T ST
not hpr eﬁ ent s l@des‘a@pec]? iaﬁ%ﬂi@ss&ﬁmﬂﬁb@dt IR, the!sdcoad Q@’ebﬁ@ﬂchﬁné 'i:dSltﬁai}i?lh‘@éI ma
etch, the e cts o el ium s poor . mask 30selectivity is creased.
e such: enboBFrEhr CPTRITBPRHBS e P aSOHTRE T S HEE BTG ayer

usi ng a secongo@@AaRRUS |ECR\BNT{500 oftkainhHBY TAE etcXihg pp6caaoohi thah cantmue
thereof until .the openiing has an aspect rati f e t.han about
15:1. As vﬁt | | ﬁﬂ'g‘e‘é r88\l%taé’cﬁpepwg%?8m§é‘83ﬁﬂacg§gl o é‘l?gef‘?:trf@h% can al so
i nclude He. Then, eatedidietopihtpepshaslischackrdirthdrdnaspe tfe usabf othef

| ess than about 15:.1,..the.secon aseous .etc cont ai pi hg. Ar, Xe,
or conbi nati of&f H"ét}‘el'(g? Pq @ngilg%gﬁg%ﬁe?‘gret@mp??@%e B érgtudsgsctla chant
fﬁnt aini {1_9 at Ek?ﬁﬁ{c; bf fich c(tﬁé}égamrcae bt séllected fremegdasé sugh ps dcE£Xs, M:fmon
en conti nue u er roduce_an.openi n avi.ng._.an i o
of at |east 267%: broihe 8 réﬁ‘ﬁr itffﬁlgﬁcfcgrbgg l?lﬁégb&r]%osf%}ﬁ g cﬁ?‘%g‘ﬁf? g of
further inpel udearhpie, iusme@hboﬁim&m_t desgening thhviblg ah @asfest mtiohd af leasitlS:1
Gases can bo St Berei PURAIY A E T AR YA s RIR: BBl dorhitElnn
brom ne (Br), Heamgebbhiten (B pbaant @nsSelwlidn@ﬁmémaddi@m@l ghess ewf bEor
10 exanpl e, in_one_enbodi e I En . t. tatlop of
at | east 15:1%%%h155 efggg¥%ﬁ%$k%ﬁ$§ﬁ%?gSggé%ugl%?@ﬂ%ﬁ?&ggﬁ?gkg%ng
about ninety E8&F upel mawhjudetiameithbxutantbems¢d@)loper henttivgtionSaeiglt i on
of these di tional c a 4 ' o
Cayer to bo elthogt P RREHef BF el Il b BblooRlied Nis b3 ORINED use
conj unct i on wilehashige ganfob thedTetczasepus stobrntt He offiet Wpads, Bns persiblg/tonse
required to prpdy he, SR, i i = . :
possible to us&% e %%astfﬁg{h%alsr %@é%lﬁggt%#éfﬁg%g g%uaghggglhdaftﬁtn & %?%lc%t
words, it is pessible to use He as the gas for the first gaseous

etchant without the, additl on. ol AhenfdGobdsARInsGREAS layer to a plasma ofa

20  heavy ion gaseous etchant to etch an opening to an aspect ratio of less than about

1
er

15:1. Once the aspect ratio of the opening is about 15:1, the heavy ion gaseous
etchant is exchanged for a light ion gaseous etchant to further etch the opening to
an aspect ratio of at least 20:1. As will be appreciated, the heavy ion gaseous
etchant includes a first inert gas and a first reactive gas and the light ion gaseous
25  eichant includes a second inert gas and a second reactive gas. In one
embo;iiment, the first and second inert gases are made up of heavy and light
ions, respectively, Examples of heavy ions in the first inert gas include, but are
not limited to Ar, Xe, Kr, Br, large fluorocarbon ions, and combinations thereof.
Examples of light ions in the second inert gas include, but are not limited to, He,
30  neon (Ne), chlorine (CI), and fluorine (F) ions. In an additional embodiment, the
first and second reactive gases are made up of heavy and light ions, respectively.
An example of 2 heavy ion in the first reactive gas is Br. An example of a light

ion in the second reactive gas is Cl.



An addi tional enbodi nent exposes the insulating |ayer to a plasnma of
a 20 heavy ion gaseous etchant to etch an opening to an aspect ratio
of less than about 15:1. Once the aspect ratio of the opening is
about 15:1, the heavy ion gaseous etchant is exchanged for alight ion
gaseous etchant to further etch the opening to an aspect ratio of at

| east 20:1. As will be appreciated, the heavy ion gaseous etchant
includes a first inert gas and a first reactive gas and the light ion
gaseous 25etchant includes a second inert gas and a second reactive
gas. In one enbodi nent, the first .and second, ipert gases are nmade up
of heavy and |ight “t Biiter prabpdiment el the Presay disslostie WenoBlY AdRSVA Sthe
first inert gaseiched ninge! TAE emBedimehndipRdest e Msulalife 1der toB pladrid ge
f1 uorocar bon i?nz, and combi nations thereof. Exanpl es of Iight i.ons
in the second©f ABFIVYJRE IPacENegas STRRANT ioredehngst oneniRg ta dnagPectErtios 1iidon
( x) " chl ?r i ?ﬁl&gbbu?[ ﬁsm.dtdnuaﬂie(rjb@pé&}atﬁ!owme dpenaly iadsl&xg;i I(SEllr’J,llthef heﬁvy
enbodi nen he first an econd reactjve gases are e u eavy
and |ight fondon ?é%tb‘@c&asm%vt AR eheass) o piickt we&wetgﬁwti%PﬁE PR st
reactive gas i éfeninffto @X8REcE Ao oF al le@fi201 10 A s Wil It HeeappREQilel, HRAG e/ €
gas is . A,funtheu@gg%gdinent of the g%esen discL sure

uses only a r E5BCERIYHSS £3° PIHE RFRSRPH JRYO *PREReS PEEY Ieh iRk es
the insul ati ngbicayess swinertadasma of a heavy ion reactive gas etchant

to etch an opening _to an.aspect ratio _of |ess jhan, abput 1. Once
the- aspect ratio of HE SPEMAKS FoPETEc04 8 1 IPRBHHR RS B4 Bhtced
][eaca ive gaﬁ aﬁcdmimg 1 Sheepreseangdrdliofiae. As bh@m,fth@apmsgl sichasnot Q:hibi]ul
urther etch the .opening.tq an as rati at | east .20:1. Wi
be. appr eci at ed R Bhpirietar. on xhanp erigndie s Biitn GRilgReLSer et i
aspect ratio mpaschesighlibebpehingls@mitterrifted ap gendd: 806 @ithe npeming 51
Figure 5 illustrates an.o i 504 in an,insulating layer. 514 .

bt aduced 10 addt i grPih p Snea i Pl et R Prge with an
openi ng 504 deepsecnaitiosflabbit atiaussitionylS:1.nThappering 304 carlaxbeslfon86d in
per pendi cyl.ar -t.0 e i,nsul ati | ayer 514 ca ss . Lhrough th
boentng 504 uirRras Rl Ehhihe SYEpafs SR AR LR TN P et
t he openi ng 504tidefatiesst akrlessentially el ongate, symetrical shape

wi th an aspect rati,Q of by . t 15 1. i
can al so be fornedIpﬁniggggﬁgﬁ%%fbﬁga%gg%r é@%gFéfﬁéggggﬁﬁgOggg%géges
descri bed her éiantther srgbalimastp et opesini G06fs atortad sttt dbpect ratio of dtn

one_embodi ment,d B&IOQI%%%%O%gﬁﬁdﬁg}gg% o6 RUkBGLpef nklefh. Blandinbt eCh.

I n anot her enbodi ient’, contact w an aspect
rati o of &0 | eadtodigert, thydeptbhadtheaermtactlisiaglaast dgldy (8Os or ghssier.i el

herein. In an%glg br aRb68RRMAL DS pentdiGe ha}%@#gﬁﬁgﬁn%%?ﬁégﬁ% %rﬁltﬁg ina

| east eighty nmor gredter.” [n-still anot ] , t
openi ng r ecei wegnpmydsvicet §he onemery dapige inchides atrapsistor, ¢ candegiyeyine, and

device. The MRADENBRK Gl idRSinduibh Al SRk inghnCRAG!: esd: b in
and the capacitor “contained In the insulating |ayer having an openi ng
as descri bed ithe pissensdisstastregivisle pp atpeet rajie Af #ideast godt Thatapsigior agd the

| east 20: hs Thgpdidi@PsieiheaBby BR BRASAR St OThabSLRMNGGIEE toy t he
conductive line. The capacitor can also be fabricated as part of RAM
DRAM or SRAM f@lpr,iq@mdtqs)part of RAM, DRAM, or SRAM circuitry.

Additionally, Figure 5 shows a substrate assembly 510 to be etched using
a plasma from a first gaseous etchant 520 generated in accordance with the
embodiments described herein, Substrate assembly 510 comprises an exemplary
30  bulk substrate material 512, for example monocrystalline silicon. Of course,
other materials and substrates are contemplated, including semiconductor-on-

insulator and other substrates whether existing or yet-to-be developed.



Additionally, Figure 5 shows a substrate assenbly 510 to be etched
using a plasma froma first gaseous etchani 520 generated in
accordance with the enbodi nents described herein. Substrate assenbly
510 conprises an exenplary 30 bul k substrate material 512, for
exanpl e nonocrystalline silicon. O course, other materials and
substrates are contenpl ated, including sem conductor-oni nsul ator and
ot her substrates whether existing or yet-to-be devel oped. A
insulating |ayer 514 can be forned over substrate 512. An exenplary
insulating layer is _an oxjde, such as TEQCS, but can alsg be silicate
gl ass, silicon oxiddinigtingdayesgilg e batoraed eﬁrﬁyﬁﬁﬁéc ? E*TF%‘ exggpplary
lSi i cog nitri dﬂsul%}ﬁé?éy&&@%’bﬁdﬁ, sﬁiﬁill e§5 Tapf, bicktdBo beutlicaregz 188} silicon
imted to, cure rogen or net squi.oxane conposi tions,
the vari ous oS yieesEbieraomealsse hERD Sha Rl e

manuf act ured bgedipfarPadeMmineRide GAARAMOE Ginitvt @b, asekd Mldedben oYehetyiM
manuf act ured by Schunmacher of Carlsbad, %aﬂgif , orSEE{;Agg%

manuf act ur &d bY/ISERSMSFART ForBPosifinms; GF Jarousy oly Atk lgne SR, EPIYERES i s
dep_osiht eg 2\69rsdcﬁiﬁbﬁ11{®gnégx%ﬁﬁﬁur5éﬂy Tﬁ@WﬂB&Iﬁfcml atr@iﬁbaﬂge&ﬁmicﬂé{ndi, s a
sem - har ampr phous car bon, mask. cour se, i l.ayer  or

maski ng | ayer %‘%’e\é%l%’éma?‘émgﬁ%mé&h’t agheg of B’E}?Pagséﬁlt‘ﬁ%qu@fg&m
mask processi NganithctiRaWydHiheyaRAITBMriEOwaE.JS KA hlagking laylehe1@1st t hat

the structure nay be used in the formatjon of variouys devices or,
CirTcuits, SuchISROSEEVRRMSERANE 38T 14 TR CEBRI D TS B HYaR A aepni-hard
herei n cangal sanbphbeekbe mhsld abf dritdeNnnfildRhogbthas prsking alyeOprocesses
openi ngs through an insul ati |.ayer to an nder | yi ng terjal. As
stch,  subst r at 8°8%9 coREmRlued e iy mutarar BoveT et CrUdE hi gh
aspect rati o oggnatdngtdoiid skilledridshe dhthat the BRuapeThaYbdOkdin dw fdesatfor
form ng an interconnect, an el ectrode, N iive to the surface
regi on 507 of m’tof'lﬁﬁféw%ef?.rCESVlttseﬁ'é%bqswg’@m%eet?'egi on 507 may
be any silicon cont@haembodieghBpres2fied Gereiracasi dlsoClenbamnieficinbifor definiog or
a doped si)Jco r _doped polysilijcon.region.. However, the esent
Mvent s on 1% e gerrabirte Bprifes iFER eI bl el PR G ons
but is |imtedmateiyl i As achpsubatste SAL idcltdee aaodargrapipn g7 ad aihivk. th&Shigh
hi gh aspect ratio features be formed relative: any: .SUukf .
regi on 507 (e. FPOSRTY BFME vT %fg?nd%' @P%It 7 B gno% 4 ?lidgs f%?%?mng
sui ci de, di el eat miac@mentnbecicalrddey bicg radatheat watesbiRe fegiod 50 hopbstmte

nunmber of feat such _as.,a contact. h for,an_interc |,
ot of cot ot rordiishaRoud RRLERERS0F sl o) R ARAGRAS [V
recogni zed2( hat.gt, heilkonhitcide rapgoroor Hdpedwitiche ot Aepssigrdydlicodi rkgienent
fromthe material o he r i . S H? . . E | e, the
surface regi onhgﬁ'ufvﬁh@leﬁéesggﬂgqgrghnﬁ%bnoﬁ%na t&?lg% vga% ttﬁ S?%heﬁgggn%i nder
of the containing regions but is limited only in accordance with the accompanying

claims. Such high aspect ratio features may be formed relative to any surface
region 507 (e.g., silicon nitride, a metal interconnect, a metal silicide, dielectric
25  material) of a subsirate 512 for forming any number of features, such as a
contact hole for an interconnect level, a gate electrode, a capacitor electrode, a
via, etc. It should be recognized that the surface region 507 may be the same or
different from the material of the remainder of substrate 512. For example, the
surface region 507 may be of a continuous nature with the remainder of the
30  substrate 512, '
The etch of the insulating layer 514 is an anisotropic etch performed
using a plasma from a first gaseous etchant 520 generated in accordance with the

embodiments herein. The plasma may be generated utilizing any known suitable
10



30substrate 512. The etch of the insulating |ayer 514 is an
ani sotropic etch perforned using a plasma froma first gaseous

et chant 520 generated in accordance with the enbodi nents herein. The
pl asma nay be generated utilizing any known suitable et chi ng

devi ce, such as an etcher available from Applied Material under the
trade designation of P5000 etcher, an etching apparatus as descri bed
in US. Pat. No. 4,298,443; a 9100 TCP Oxi de Etcher available from
Lam Research Corporation, or any other high density plasma etcher. It
shoul d be readi t(% ({?arent to one 5 skilled in the art that

dependi ng on tH Hﬁf VAR SHeha ARictyenPtable dom tpplighiatesiajamder steetrade

the plasma, vardesigSatfalEPSHE0 atcﬁayaﬂatwmg%pﬁﬁﬁ@@Bésghbé'cgmsﬁ@ b2 No
rovides a pictureée of

bj | 6
an opent ng. wi t -39 DF SLPSPE Gl Bicher tlsbl 800 banuRpstanyie Cofrorstec,

according to theagpy Mﬂhlgﬂxﬁéhﬁﬁlﬂ@ﬂ{eﬁatchm It shofH B Eadf] E&Ireﬂ! t!o%me
shows an il USt%ﬁfl ve_etch re . 750 f performng ét

shoul d be r&cogiiisdd BF4r e pF 4O Fhed@ftf%‘iﬁr\?@hm%@lﬁamtus utlhzed to

represent ati ve geferate tmﬁMIﬁ%Wﬁbﬁiﬁ)ﬁiﬁﬁ&eﬁshﬁébg%r? %Nac%@:‘ﬁﬁfx%mg similar
conponent s of t ectsyest em are shown. Vari ous systens | ncorporating

many el enents | PRSVarious confi gurations 15 nmay be utilized. To

generate plasma 720,Byawg;a6f mﬁ@ﬂdjlf-‘&'@rée pthedRIB560 ke SH SR Ex‘m'tl?no

provided to th tratlve ener ag or I n one enbodi nent,
the gas is pr 0\%?%' %fa 5 t?’ﬁé’“%l‘ n@é‘ g} aé(?f%?ﬁ'“&‘ﬂ)ﬁ%@ﬂs tytg rEessdai ni ng

at | east fi@tydi{sBpugper cent He The illustrative etch reactor 750

i ncl udes a powered ode 760 .20 conpected to an RF bias source
765 vi a capaci tance%'igg%éz FT HPVE %’éﬁi‘%ﬂﬁﬁ&ﬁcwe%cﬁﬂﬁtspaf?’ép%&ﬂnﬁ@ a

i nsul ati ng | ayeiching. Beslmukﬂatecegnﬁﬁeactﬁd thik i dhiglistraive a4 1 6f e L8 B S
connected to egpgga

chanber 770. Ion s%{ét ¥ ﬁ%}%g e O@S?%ﬁ%é%ﬁé@:?%%’lﬁg ?}{tgg leggggar%eot Ihg
power ed el ectr WG‘@anwstststbme imepeatduaigs elembst il aidR4onfigurations
the i nsul apt ng T ayertiEed toghiefie KRsPadale e Thusdno e s
resul ting in t#declosyrady progided tdHihg uthestiativd plasie gererSOHT SR [hGHeut i | i zed
b 30 o B e N, SRR LS o
et chi ng syst enfemigining at deadt fifty (50) Pemenf He.
The illustrative etch reactor 750 includes a powered electrode 760
20 connected to an RF bias source 765 via capacitance 767 upon which a
semiconductor substrate having a insulating Jayer to be etched is placed.
Further, an RF source 766 is connected to elements, e.g., coils, for generating the
plasma 720 in chamber 770. Ion sheath 756 is formed between the plasma 720
and the powered electrode 760. With the semiconductor substrate 764
25  positioned within the illustrative plasma géneration apparatus 750, the insulating
layer is etched in accordance with the embodiments resulting in the structure of
Figure 5. The power source 766 utilized may be any suitable POWer source
including an RF generator, a microwave generator, etc. It will be readily
apparent that any plasma etching system may be used.
30 Embodiments of the present disclosure can also include a processor
based system that incorporates the opening formed in the insulating layer
according to the process embodiments described herein. For example, Figure 8
provides an embodiment of a processor based system 834 that includes a
11



30Enbodi nents of the present disclosure can al so include a processor
based systemthat incorporates the opening formed in the insulating

| ayer according to the process enbodi nents descri bed herein. For
exanpl e, Figure 8 provides an enbodi nent of a processor based system
834 that includes a capacitor contained in a insulating |ayer having
an opening fornmed according to the present disclosure for use in a
menory device 880. As shown in Figure 8, the system 834 may al so

i ncl ude one or nore input devices 844, e.g., a keyboard, touch

screen, transceiver, connected to the conputing unit 835
to 5allow a us&PYET Cﬁﬁﬁﬂne&é’ﬂamﬁuﬁé‘ﬂgéﬁi‘ﬁ B%\gng%qepenll@g?%@éaa@@rcéméto

conputing uni tth8pheseNBsclbsufdfcR uddinPitheleM dé@i%e&?%@ %raas%%ﬂ Fi%né ge
conmputing unit,k 835 maéaal so he provided as part of system 834 to

display or ot HEF IS Eat fray ds lgcbléﬁe?%?@aownmﬁéieﬁw@%% 6r8-gegyboard,

Exanpl es of oubpw sciléat, Gessceivel, WelisBed)! @nfiectdd @0fe LE&LPLMA! $nit 835 to
noni tors, gl sp etc. 10Alt hough speci fic enbodi ments have

units,
been illus rataé@ A5 &S BPih gfenaptBIckons, ﬁ@sé" grergiedhegpppwtiag ynif 5 he

art will appreoh@bembhadutph @icaNgRNERheaad Blhatedphon d@m eysemwslso
sane results can be, s bstltu£§]d for th speci fic enbodi nents shown.

This discl osur® I?rg""idﬁ ah By ot Besyver 83 DHIZPIEY 9 OBErvise PUPHbASA of

various enbodi gepsiasediy the GrépeesRBE6, dEﬁﬁh éybﬁoud)ﬁt de$ick®irRRide printers,
15under st ood th t thel_g% ve descr ti on, has been nmde in an
(o}

illustrative f‘é{ 1 GRS Mg oL, ¢ ¥P%‘Fﬁ §%- one. Conbination of the
above embaddi ment s, anﬁo@hr@rmﬁﬁbﬁﬁbmﬁm 1053 bS@ﬁﬂlmfsﬂrﬁédi hiyd @&sshdded

herein wl |l el ent odIhos f kil l hnthe ar on revi ewi ng

t he above desc?ei"%[) ?%ﬂse RYERep gf“%ﬁ@“\)‘é{ iABHECBHY El‘i %‘gﬁtfw‘fthe
present di scl osimuatedi auﬁmemm&mneapﬁilus&aﬁ bemstlmtwfoefﬂhd fpeci#@ above
structures and t ods a refare, SCO vari ous
enbodi ments of the pre tgﬁ{lmﬁli" siﬁ'&gﬂﬁ‘: Sg‘ﬁdi.}“&e“[ﬁig ‘lj%ﬁiﬁ%é”éa%”ls i
reference t o Nrelaapxpmmﬁimrhoch embed:mhmnﬁ tIWI ;trhsetnh&xsélubdrer digen od

equi val ent n\ﬁgrs?c%dstﬂgﬂhg de cn ti% Leen ﬁ%cﬂad%g% g%:%gﬁgfagplﬁn

Detail ed SCI’I ption, varlous €s aegr
si ngl e enbodi rmlldtnot ewcﬁﬂM:wmosbqunmneﬁma ghiongembedidient) aslisiher

T et T on t ofehafhR e dRe Al S8l ELRIINT PRl b IEIIR AN

intention that"t I'SC
have to use rmméhef @!‘atlmtesewetvang &re@bexqadesspbyorr e’ﬂxetﬂdpe of ﬁaorbnmhsal m

Rather, as th nfll%dluﬁ}%t? P‘l rg@n & Eil&‘s%e ncﬂ.lé!g ae.deg %:z;[s nq%\;[hﬁr%ntpe

lies in |less t es o a S|ng
Thus, t he X0ol |abpive giredtatepandimettiods e@ymﬁdncﬁhqrgfoat,ehb sqopoofhm@et ailed

Descr i ' ption, V!rﬁ%d?rﬂg&s %&" ﬂie@régeﬂpglxkﬁgsuﬁ)gsﬂotﬁd Qé/\@etgl%lﬂecf%ﬂﬂ thepence to

enbodi nent .
the appended claims, along with the full range of equivalents to which such

claims are entitled.
In the foregoing Detailed Description, various features are grouped

25  together in a single embodiment for the purpose of streamlining the disclosure.
This method of disclosure is not to be interpreted as reflecting an intention that
the disclosed embodiments of the present disclosure have to use more features
than'are expressly recited in each claim. Rather, as the following claims reflect,
inventive subject matter lies in less than all features of a single disclosed

30 embodiment. Thus, the following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own as a separate

embodiment.
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Clains 1. A process for an etching a insulating |ayer, conprising:
first exposing the insulating | ayer to a second plasma of a second
gaseous etchant conprising Ar, Xe, and conbinations thereof to form
an openi ng havi ng an aspect ratio of less than 15:1; and second
exposi ng the i@ainsting layer to a first plasma of a first gaseous
etchant having at least fifty percent helium (He) to etch the opening

havi ng an aspect rafio of at least 15:1, thereby increasing the
aspect ratio 1(:310 grégp}eorceﬁ@hmi%t:c%flgamsu’latwgg?%’ll’ncof]H’éISf‘}gr st gaseous
etchant has a | overfirsidxpesth@heRiditingt BaR 16 Reecfs PREnERFAQUS At LRRAS -
The process of claiml, wherein the second gaseous etchant includes
He. 3. The preddasscamprising M. Xe. prdeqiabingtons thereofdg Eorang prpnitgchaving an
second gaseou nant edir gaseous etchant once the aspect
ratio of the g?ﬁﬁﬁgﬁgﬁgﬁgﬁééﬁﬂ%%%ﬁﬁg approximately 15:1. 4. The
process of clai m 1,sevdierexpbdiag irdtdiddtingdayeayes firss paRmaxif ddirsielaesiued
fromthe group ?onsistkgg of silicate gkass silicon oxide, a.
material for msdFARY g lenst Hiy gersppidishum (Heytor el Wsopgping having an
orthosilicate ; of .cl:ai . e .
gaseous etchaﬁ%&¥§§%mﬁ¥g%ﬁ%@qg?tggggﬁaﬂ%?gﬁg%ﬁk%ﬁ%%g%ggéé%ﬂg%hé‘é%%l’
1, where the first wasadoutls Ritstprsatus esclapphas lmatenylenilaetvighethaette He
and approxinatq%ydteqﬁperg?nt Ar. 7. The process of claim1l, where
the first gaseBUR‘ERRIARNE &M appr oxi mat el y one hundred percent He.

8. The process of claim1, where the opening includes an opening

sel ected fromthe group consisting of: vias, contacts, and trenches.
9. A process flor etldiinigreanot Haigt g?twlﬁf’gernélyeefiepombmsﬁ@@iqﬁ@mnt includes He.

3. The process of claim 2, including:
exchanging the second gaseous etchant for the first gaseous etchant once the

aspect ratio of the etched openings reaches approximately 15:1.

4. The process of claim 1, where the insulating layer is an oxide selected from
the group consisting of silicate glass, silicon oxide, a material formed using one or

more silanes, and tetraethyl orthosilicate (TEOS).

5. The process of claim |, where the first gaseous etchant is a mixture of He
and Ar.
6. 'The process of claim 1, where the first gaseous etchant is approximately

ninety percent He and approximately ten percent Ar.

7. The process of claim 1, where the first gaseous etchant is approximately one

hundred percent He.

8. The process of claim 1, where the opening includes an opening selected

from the group consisting of’ vias, contacts, and trenches.



exposing the insulating layer in a plasma etch reactor to a plasma of
a heavy ion gaseous etchant conprising, a first inert gas; and

a first reactive gas, to etch an opening to an aspect ratio of |ess

t han approximately 15:1; exchangi ng the heavy ion gaseous
etchant for a %i ghtA Pesesaioreighingtas inmatingiprer.siomprismgsecond i nert

; d - i . h : i f
Phe etched openi ng RRAEERIISRE NG 08 blas QRN R AIP Ebast i HRevy

openi ng to an iaspsebuy athant obmpdisihgast 20: 1, and wher ei n
the light ion gaseous etchant has a | ower nmean nol ecul ar wei ght of
the mxture of the secorfdiSh¥ft 88%$ndnd t he second reactive gas than

the mean mol ecul ar wei ghf,Qf re‘él&?veféaE,StB e{dﬂ%ﬁltotlogﬁiﬁ%g@gurh%b%ctf 1ja{i§B£ le(s)sf than

reactive gas in the heavy ion gaseous etchan proces
claim9, wherepphsithatelytiShert gas is conprised of a heavy ion and
the second inert gasg is conprised.of a light ion, rein the |ight
ion has a | ower rmleéﬁlfﬁng?’ng\r@ b?ﬁvytlﬂ%ﬁastﬂﬂﬁsgﬂ%lg\%?qlé‘ %g%t PP Sa5¢RAIS Gihaids s
of claim10, waepestpe heavy ion is selected fromthe group
consisting of Ar, Xe, krypton (Kr), bromne (Br), large fluorocarbon
i ons, and conbi nations t#fependoiertgay anthe |ight ion is selected from

t he group consisting of chlarine (C.), d fluorine
(F). 12. The process Oﬁh%F%?ﬁggﬁg&E%%émfﬁgwf§Q%%1?%&%?ﬁ@gc§§gnﬁgmg

conprised of acdehevyppreimandy 1 5ie 6 agtReeKBARLIPERINGAS ah SspeONMRkib et 10dst
a light ion, m%grein the Iight ion has a | ower nolecul ar wei ght than
the heavy ion2Y1181dThe process of claim 12, where the heavy ion is

Br and the light ionis Vﬁm‘eiﬁﬁw hts?{ij a%%émfs%%chﬁﬁﬁ@s QQOQP%JS%EM[&?%%&%

| ayer, conprising: exposing the i ng layer inap
reactor to a praghe!dfc mixmeavy the socoirddaat paeargabe sdcohdrdactice etsaharathe

opening to an aspect ratio.of |ess_than approxi ely 15:1,; .
exchangi ng t hén%lgéwe(f”g?'} WE 9L E’ég“’é’ttcgﬁgmc{(@rﬁﬁ{r%{ llgf?C@‘HF gitpig the heavy
reactive gas ehqfhapbusigfint he aspect ratio of the etched opening
reaches approximately 15:1 to further etch the opening to an aspect
ratio of at |east 20:1; and wherein the |ight ion reactive gas

has a | ower nql()gculﬁré p\%aéeg? E)f (;[larﬁ%lnﬁ‘,tw ?erer:] fF2'%st' iR ée?sai(s: tcén\ﬁ%rigeadsdf a heavy ion
and the second inert gas is comprised of a light ion, wherein the light ion has a

lower molecular weight than the heavy ion.

11. The process of claim 10, where the heavy ion is selected from the group
consisting of Ar, Xe, krypton (Kr), bromine (Br), large fluorocarbon ions, and
combinations there of, and the light ion is selected from the group consisting of He,

neon (Ne), chlorine (CI), and fluorine (F).

12. The process of claim 9, where the first reactive gas is comprised of a heavy
ion and the second reactive gas is comprised of a light ion, wherein the light ion has
a lower molecular weight than the heavy ion.

13. The process of claim 12, where the heavy ion is Br and the light ion is Cl.

14. A process for etching an insulating layer, comprising:

exposing the insulating layer in a plasma etch reactor to a plasma of a heavy



15. The process of claim 14, where the heavy ion reactive gas etchant
is Br and the light ion reactive gas etchant is . 16. A process
for etching an insulating | ayer, conprising: first exposing the
insulating layer to a second plasnma of a second gaseous et chant
conpri si ng Ar loxeachyrizasehdhianiaivictiisant dpenimgfto tp agtectratio obfeeniliag up to
an aspect ratigQ of.a ijmately 15:1; and second exposing the
i nsul gti ng | af@PmtX(})m%tQ];yﬁ)rgsﬂapl asma of a first gaseous etchant having
at least fifty percehangiigiBe BES bR a0RRNERGINAN iﬂgaﬁ?hﬁ%ﬁ@&{ctiﬁ@éiso
of at least 15:1, thereby increasing the aspect ratio to greater

t han_15: 1, etchapj et aspectirptiicel %&§@b%01@@@1@3‘!3@611¢3§P13‘0KI®W[Y 15:1to
nol ecul ar wei . . e .ap.iL 7. . The process of
claim 16, V\he?{eﬁtﬂ%(%te‘]'.ﬁ?lntéuﬁ%@ﬁ%{ﬁdaég%ﬁgcﬁagné%g%%ét 2s()é11’ea(1:1fled fromthe
group consi sting ofwlsirdih ciat liglgli@seactbiel dag s Dovee modediibir efdiglt t-arihed
usi ng one or re silanes, and tetraethyl orthosilicate (TECS). 18.
The process of'*EVaiPh'e1 Vet e the first gaseous etchant to etch the
openi ng having an aspect ratio of at least 15:1 is a mxture of He
and Ar. 19. The process of claim 18, where the first gaseous etchant
i s approxi mat dby nilhetpyogees cleriainHd, avictrathp hoasiynab edag tive paspeclmanis Brand
20. The process 1ofI ¢l ai mt16, anecﬁ?e tt.hE,\llopeni ng i ncludes an opening
sel ected from theSiGAsaERsaSEFhgdt Yi as, contacts, and trenches.
21. A process for etching an insulating |ayer to produce a high
aspect ratio contact (HARC), conpri sing: etching the insulating
layer with a flbrst “pp@spas fof ctghing avynsubfinglaykaspmpysipeoduce t he HARC

havi ng an aspect rat] . . .15 1; ur.t her .et chi t he
et ating Tayer wirT aBbubERs ARt o pesppd PG e Etd kel
to enlarge thetchHARCohpramgasip&e! andédntbindtioat thee@sto 8Qh b opbangup 1d e
| i ght ion gaseous etchant includes at least fifty percent helium
(He), and t he #RsghiatipGh 2pRressiaelstleHaabd has a | ower nol ecul ar wei ght
than the heavy ion 22. f i

where the light i Og@?%&ﬁgﬁ%@@%gxﬁﬁula@%@&?ozagfi%?rﬁ%z?%qggggg@é t?fa ge(]g)luféti m
21, where t hectvbantyhaivong af siel0fily perctraiie torvedhutle spdiéng 194idinaredsphitngtio of

process, COI’TpI;ij(

i Ng: . . .
Radtd5:1 , thereby increasing the aspect ratio to greater than 15:1,
wherein the first gaseous etchant has a lower molecular weight than the

second gaseous etchant.

17.  The process of claim 16, where the insulating layer is an oxide selected from
the group consisting of silicate glass, silicon oxide, a material formed using one or

more silanes, and tetracthy! orthosilicate (TEOS).

18. The process of claim 16, where the first gaseous etchant to etch the opening

having an aspect ratio of at least 15:1 is a mixture of He and Ar.

19. The process of claim 18, where the first gaseous etchant is approximately

ninety percent He and approximately ten percent Ar.

20.  The process of claim 16, where the opening includes an opening selected

from the group consisting of: vias, contacts, and trenches.



supplying a gaseous etchant to a plasm etch reactor; etching a
surface of an insulating |ayer with a plasma of the gaseous etchant
to create an opening; adding at least fifty percent helium (He)
to the gaseous etchant once the openi has reached an aspect ratio
of at |east 1%11; ah#rocess for ﬁféhwgr@glmwgﬂtlagéaﬁeh@ prefluy & Iigh gaseouato
etchant with nt helium (He) added to have a
bottom and a 3%1 ?ﬁi%%g fﬁé Fgﬁghg | ayer that allows an axis

per pendi cul ar to t rwchmrgst}nleammmlnga%et with afasspladhiDodhhdale i@pethangtd o
t he bottom unint %gag 2%ithe side of the. op enlng and havi ng an
aspect ratio &¥° Fe fR mfmg%ﬁﬁﬂﬁﬁémﬁ}@3@§§1@¥ Tkai m 24, mhere a

di stance between t rfﬁﬁﬁé?'e%ch@ﬁg'ﬁ@rﬁgdu?alﬁln@rlafepvﬁtﬂ% s'e@cﬁﬂ_llﬂaélﬁlegoi}aaiy 1t i

the side is | ess than approximately forty nm roces
cl ai m 24, whergseohe cighsgdasnlergeibati ARG 1.’D at aSbaaﬁtld offat j!eaplei(b Emrhel ein the

heliun1(kb) a i S effec ve .t incr ct| of e . . .
openi ng as comglé)d SFEUT ﬁ 19\3\“3‘38}1 5{% ?‘Hﬁg 'f”ﬂ B%g’@d@t 1on
et chant | acki ngsedfus beagit Hab EQW&%&@&ﬂmH@ei htaﬂan hB@cPHOBE %§se@fls Sk
24, where the gaseous etchant with at Ieas% fifty percent "helium (He)

added is effective to maintain a constant etch rate as the aspect

ratio of thegpeni ﬂ’l&?eg{]gisclglﬂg’) F%% dt%:e zT‘litghé %%?g%?etous etcpanq i yer’ret hod

for operating an et reac ernative
supplying a |ight ion gaseous etchant having at least fifty percent
He to the etc§ﬁbea or, andgf heaV{ i.on gaseous etchant conpri sing
Ar, Xe, and c hepeceshigh dam 2t éherg %ﬁﬂle@\aﬂogag%e@%eféb@ﬁmudes He.
having a | ower nol ecul ar wei ght than the heavy ion gaseous etchant;
supplying an insul ating |ayer; first etching an opening to an
aspect ratio dﬂ.Iesblﬁh@ncpﬁxtamhmthMﬁgrst pl asma of the heavy ion
gaseous etching; and second 3$MAth ﬁ second plasma of the

I'i ght ion gaseous éfil&%ﬁ*s%at%ée%m ﬁ KL IR and a side in

the insulating |ayefchilad siafdc0 s a@fhs@lﬁﬁg &?éWﬂQh%&ﬂsﬁfa dréhd feous etchant
insulating layer to pass through the opening to the bottom

uni nt er r upt ed thyreglgangipgeingf t he openi ng, and haV|ng an aspect ratio
or 2 Least 151, LRBESRY LDSSa U ORAMIER) el Seaghge o)
et chant i ncl u@d@snitie haSRachEdennepdrochtidfofat R 138, ahdilC| udi ng:
forming the opening using the gaseous etchant with at least fifty percent
helium (He) added to have a bottom and a side in the insulating layer that allows an
axis perpendicular to the insulating layer to pass through the opening to the bottom

uninterrupted by the side of the opening and having an aspect ratio of at least 20:1.

25. The process of claim 24, where a distance between the axis perpendicular to

the insulating layer and the side is less than approximately forty nm.

26. The process of claim 24, where the gaseous etchant with at least fifty percent
helium (He) added is effective to increase the production of the opening as
compared to otherwise identical etching with the gaseous etchant lacking at least

fifty percent He.

27. The process of claim 24, where the gaseous etchant with at least fifty percent

helium (He) added is effective to maintain a constant etch rate as the aspect ratio of



exchangi ng the heavy ion gaseous etchant with the |ight ion gaseous
etchant once the aspect ratio of the etched opening reaches
approxi mately 15:1.

the opening reaches and exceeds at least 15:1.

28. A method for operating an etch reactor, comprising:

alternatively supplying a light ion gaseous etchant having at least fifty
percent He to the etch reactor, and a heavy ion gaseous etchant comprising Ar, Xe,
and combinations thereof, the light ion gaseous etchant having a lower molecular
weight than the heavy ion gaseous etchant;

supplying an insulating layer;

first etching an opening to an aspect ratio of less than 15:1 with a first
plasma of the heavy ion gaseous etching; and

second etching with a second plasma of the light ion gaseous etchant the
opening having a bottom and a side in the insulating layer that allows an axis
perpendicular to the insulating layer to pass through the opening to the bottom
uninterrupted by the side of the opening, and having an aspect ratio of at least 15:1,

thereby increasing the aspect ratio to greater than 15:1.
29.  The method of claim 28, wherein the heavy ion gaseous etchant includes He.
30. The method of claim 28, including:

exchanging the heavy ion gaseous etchant with the light ion gaseous etchant

once the aspect ratio of the etched opening reaches approximately 15:1.
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