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rel ates to high aspect ratio openings in insulating

| ayers and plasma etching nethods for formation of

hi gh aspect rati o openi ngs. Background of the

I nvention During the formation of sem conductor

devi ces, such as dynam c random access nenories

(DRAMs), insul ating | S e e el rical
separate conductﬁlvg}ﬁ gégi‘lglaf%ﬂﬁ}) %&H‘Ar(z’g%i red t %at
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provided or filled with a conductive material. As

m ni mum f eature di nensi ons of devices decrease, the
aspect ratio (the r aBﬁa(@umamthel{mmldhh) of the

openi ngs nee 0 |ncre . As_t he aspect 0 )
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(50) percent helium (He).
the aspect ratio increases, howeéver, a phenomenon termed "twisting" can occur.

Twisting occurs when the etch 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
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.

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
1



According to the present disclosure, tw sting
phenonmenon i n high aspect ratio contacts (HARCs) can

wheooreei2aed t hrough the use of the first gaseoRGI/US2007/004564
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etchant as described in the present disclosure. In

ot her enbodi nents, the first gaseous etchant used to
etch HARCs is a mxture of Ar and He. In one

enbodi ment, the first gaseous etchant can be a m xture
of about ninety (90) percent He and about ten (10)

percent Ar. In_yet ano I nt, t drs
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provi ded t hat etches an insul ating
thereof, can first be used to form openings havmg aspect ratios of less than
about 15:1. As the aspect ratio approaches the 15:1 value, the composition of
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
light ion 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



| ayer with a plasma of a gaseous etchant to produce a
HARC. Further, the HARC has an el ongate, symetri cal

wGebapesaeezl an aspect rati o of about at | east 15PAT/I/8200H004564
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dept h di nensi on of about 80 nm Enbodi nents of the
present disclosure can also be used to form HARCs
havi ng an aspect ratio of at least 20: 1. In one
enbodi ment, a contact is formed in a insulating |ayer
where the opening allows an axis perpendicular to the
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( arjmyfe (sgem)Xx fehe figsg anﬁtse@pglgageq;@ 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 include: hydrogen bromine (HBr), chloride (Clz) carbon
tetrafluoride (CF4), trifluoromethane (CHF3), and the like. It should be
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.
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as power, pressure, tenperature, and the like.lt is to

be understood that all percentage val ues of etchant
materials are flow rate percentages. For exanple, a

first gaseous etchant having at least fifty (50)

percent helium (He) would nean that of the gases

flow ng._i.nto, a asma _reactor, fifty (50) percent of,
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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

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 example, 110 may reference element "10" in Figure 1, and a similar
element may be referenced as 210 in Figure 2. It should also be apparent that the
scaling on the figures does not represent precise dimensions of the various
elements illustrated therein.

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

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



el enments illustrated therein. Producing high aspect
ratio contacts (HARCs) with aspect ratios of greater
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phenonenon. Figure lprovides an illustration of
tw sting phenonenon. As illustrated, electrons 10 1
wll mainly strike the insulating |ayer 114 defining

t he opening 104 near the top 103 of the opening; while
positive ions 102 will reach the botton1105 of the
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as the asgect rati o of openi ngs I ncreases and is a
r eorl 4 degith dimaempéorbof ahwup S8 nm; fensdeginia afcumplapehihgottom of

A e oﬂefmng. As additional ions continue to be introduced into the opening they

_ 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
asymmetry, the twisting phenomena will result as the ions are focused to 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



there are any asymmetries in the charge build due to

pattern, polyner, or feature asymetry, the tw sting
webenovesn will result as the ions are focusedP@DUS2IET7/004564

side of the feature. Enbodinents are not limted to

the about eighty (80) nm depth dinension given in this

exanpl e. O her depth di nensions are al sopossi bl e,

i ncludi ng those greater than eighty (80) nm and those

| ess than eighty (80) nm Although the use of heavy
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9r &3 flen WehflaMed %E e%trghgm%ring 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



(80) nm depth dinension. Also, as the aspect ratio
i ncreases, it is not acconpani ed by the usual charge
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use of light, low energy ions also elimnates the
aspect ratio dependent etch rate enabling the etch
rate to remai n approxi mately constant throughout the
etch. As used herein, light, | ow energy ions for use
as a plasma etchant include those fromhelium(He). In
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| eﬁ§&rs. In the embodiments of the present disclosure, twisting typically begins to

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
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



15:1. By adding He to the first gaseous etchant once
t he openi ng has reached an aspect ratio of at |east
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at least 20:1 or greater with less tw sting than when
He is not present. Also, since He is used for just a
portion of the plasma etch, the effects of heliunis
poor mask selectivity is decreased. One such

enbodi nent first etches an opening in an insulating
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etchant includes a second inert gas and a second reactive gas. In one

emboﬂiment, 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,
neon (Ne), chlorine (Cl), 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 a heavy ion in the first reactive gas is Br. An example of a light

ion in the second reactive gas is Cl.



etchant includes a first inert gas and a first
reactive gas and the |ight ion gaseous etchant
w0 p@7ek233 a second i nert gas and a second reacPCTESHAT004564
In one enbodi nent, the first and second inert gases
are made up of heavy and |light ions, respectively.
Exanpl es of heavy ions in the first inert gas include,
but are not limted to Ar, Xe, Kr, Br, large
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25  capacitor are connected by the conductive line. The capacitor can also be
fabricated as part of RAM, DRAM, or SRAM circuitry.
Additionally, Figure 5 shows a substrate assembly 510 to be etched using

20

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 stlicon. Of course,
other materials and substrates are contemplated, including semiconductor-on-

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



menory device. The menory device includes a
transistor, a conductive line, and the capacitor
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described in the present disclosure with an aspect
ratio of at least 20:1 . The transistor and the
capacitor are connected by the conductive line. The
capacitor can also be fabricated as part of RAM DRAM
or SRAMcircuitry. Additionally, Figure 5 shows a
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Si Ldef05@F (AOPEHcAPhiSaL, 1aGRBkal Brednnect, a metal silicide, dielectric
material) of a substrate 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
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
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to such silicon containing regions but is limted only
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aspect ratio features may be forned relative to any
surface region 507 (e.g., silicon nitride, a netal
i nterconnect, a netal suicide, dielectric material) of
a substrate 512 for form ng any nunber of features,
such as a contact hole for an i nterconnect Ievel a
ate,el ectrode ca r electrode, a via,
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B0 Rluckarzulyithes BEYIGh oqppar e fay oo Hecuetisdip Alpced
I elﬁa’thefr) 4 RF (sblice [766 GeBdnidBted 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
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.

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



The illustrative etch reactor 750 includes a powered
el ectrode 760 connected to an RF bias source 765 via
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having a insulating |layer to be etched is placed.
Further, an RF source 766 is connected to el enents,
e.g., coils, for generating the plasma 720 i n chanber
770. lon sheath 756 is formed between the plasma 720
and t he powered el ectrode 760. Wth the sem conduct or

Sitlo the illustrativ .
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generated by the processor 836. Exanples of output
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In the foregoing Detailed Description, various features are grouped

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

embodiment.

12



enbodi nents not specifically described herein will be
apparent to those of skill in the art upon review ng

w0 b@7ais2se descri ption. The scope of the vari ORGI/US2007/004564
enbodi nents of the present disclosure includes other
applications in which the above structures and net hods
are used. Therefore, the scope of various enbodi nents
of the present disclosure should be determned with
reference to the appended clains, along with the ful
range of Al NaLRAtSs to which such clains are
entitled. Tmtne roregO|ng Det ai | ed Description,
various features are grouped together in a single
erbodi nimrogass forrriciing passulasinglay@antpiisiget he

di scl os | I be
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dnﬂwmmsedhaﬁbuﬁtammts of the present disclosure have
to use nore. ture n are express recited in
each cl &Pt nﬁg‘ﬁﬁﬁsu aggg PETLQR %ﬂ”g"é&%ﬁﬁﬁ% gAggqus efchant to
| retetnin vgerSbhedhg BRtabgdct ktisofi 40 16266 $5:1 Rith 8lel plasma.
features of a single disclosed enbodi nent. Thus, the
following clainms are hereby incorporated into the
Det.ai | ephdp%eedsificPiim Wihdluaeh clai mstanding on its
own as a separate enbodi nent. What is claimed : 1. A
pr ocesstEbexrasig thy insulaing layerdg anigsena. Ofc%)ﬁfmond igaspous
S S
Fi el Banid ihl 3l MBS S AUFARL, AT bt WSlenine o an
e@spedt fighiq plelephigh abowigl 3: hyer to a plasma of the first
gaseous etchant to etch an opening having an aspect
ratio of at least 15:1 with the plasma. 2. The process
of3.cl ai”Fhelproicmsquabilaigmzﬁhcrla«ﬂingxposi ng the insulating
| ayer tQ a, second us_ et chant
conpr | sefxr‘fg OQ%ﬁTﬁeﬂ'ést ?tgﬁ & (59 the dfrst %?SS?W"?}P%“ once
opke hspgct @uara)falsepaehed Spdningfred@es abb@n sapout 15: 1. 3.
The process of claim 2, including: exchanging the
second gaseous etchant for the first gaseous etchant
once t NEheAsiBesds Jraldim pfwl{e'i‘@tﬁétlﬁglﬁgtn?é’Fa@rbpﬁsanrcﬁé&@%?ected
about 15:1. 4. The process of claim1l, where t

£hs grgup sgB¥isting %ﬁﬁlb@@t@l slagwsicoadxide mlmwe agcrl tipnethyl

C(y?,mogqllcgtg (qrf:_.;(fg)l icate glass, silicon oxide, silane,
and tetraethyl

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

(90) percent He and about ten (10) percent Ar.
7. The process of claim 1, where the first gaseous etchant is He.

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

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

13



orthosilicate (TEOCS). 5. The process of claim1, where

the first gaseous etchant is a mxture of He and Ar.
W®200Thes2ps ocess of claim 1, where the first gaRE€DUS2007/004564

etchant is about ninety (90) percent He and about ten

(10) percent Ar. 7. The process of claim1, where the

first gaseous etchant is He. 8. The process of claim

1, where the opening includes an opening selected from

the group of: vias, contacts, and trenches.9. A

contact with an aspect ratio of at |east 20:1 and

ha¥i ng & sertegidhen aspsrimatipofahleast0il and hgvingpdottom and a

th . aXi - . . i .

| agae % SRR dR il PRRPERTLEH &lis pErrifichf 1t ' Hiklaring

unlayeeto pgss shtobgh theeopshiig tofthe hettap eminterruped by dbelsida of the

ac SBén?ﬁlgf&ﬁo&\ﬁéea.iﬁ Iag?&{iﬁ{:c%si’?itlﬂhecﬂrgééps %f cllag) _IA process

for etcHii'ng an i nsarating layer,” conpri sing: "exposi ng

the insulating layer in a plasma etch reactor to a

pl asma of a he | on gaseous.etchant conpri sing, a

Piddy | Aspiocgsdor siching  ingylaine Ry copsioing ot ch an
openi ng ekposing tedfallatiad Ia9eih d §18Sm4A BRA r8f tolDplisma of a
and exchangi n th% heavy | on gaseous etchant for a

| i gFavYi'oH 835&0216& faoaRT rising, a second inert

gas; and a sec@RflineRamk] ¥R gas, once the aspect ratio

of the etched opening reaches about 15:1 to further

et ch the operfi gt regclye gaspEretch an opering 4@ an aspsct pitogof less
11thah®olt PSESf claim 10, where the first inert gas

is conprised of a heavy ion and the second inert gas

i s conpekekangyis the heght iongaseas etchant foradigly iof gadeainetchant
115, WBRL§et he heavy ion is selected fromthe group

conprt si nﬁ’Ar, Xe, krypton (BCr), bromne (Br), large

f 1 uor ocar bon 4 ssnend med gaspdridnat i ons there of, and the
light ion is selected fromthe Qup C risi \ .
neon (Ne), o B pLreres B A8 APa? PR S1y¢ elfd opening
pr cmelss aifout I il o Fikthesteestethe bpehing 3d ah agsdct vRiodeBatilast 20:1.
conpri sed of a heavy ion and the second reactive gas

is conprised of a light ion.

11. The process of claim 10, where the first inert gas is comprised of a heavy

ion and the second inert gas is comprised of a light ion.

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

He, neon (Ne), chlorine (Cl), and fluorine (F).

13. The process of claim 10, where the first reactive gas is comprised of a

heavy ion and the second reactive gas is comprised of a light ion.
14. The process of claim 13, where the heavy ion is Br and the light ion is CI.

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

14



14. The process of claim 13, where the heavy ion is Br
and the light ionis . 15. A process for etching an

WO p@alog28g | ayer, conpri sing: exposi ng the i nsECHUB2097/004564
layer in a plasma etch reactor to a plasma of a heavy
ion reactive gas etchant to etch an opening to an
aspect ratio of |ess than about 15:1; and exchangi ng
the heavy ion reactive gas etchant for a light ion
reacti ve gas etchant once the aspect ratio of the
et ched opening,reaches about, 15:1 to further etch the
openi ngStRPS %b%%ilat’rnﬁtal%erdf‘ aé{laqn&gtf:g Sepcior t9 @ plasiea of a
PrigeRySoRtedetidé Buslétchadd €5 6ich RA JpeaMY tb AR akpas katioass than
etchant is Br and the light ion'reactive gas etchant
i sabgut 13:3; apd process for etching a insul ating | ayer
conpris -t [ :
of 5 gacnaeERRL ey 10n e ogt bholHIbr b R RnFeiliive gas
c ceibhandonoe thet dspeaatie of dectched oppeimgngacss abowtrl 5:1 to further

as | b =1 asi ng the

i n%gﬁ;gﬂe{%e"?%%r% %Béa%?%%ﬁfa%g? "‘sgég gls'eous et chant

having at least fifty (50) percent He to etch an

opgni ng.havi ng _an. aspe ratio of at .least .15:1. 18. .
ThE or oTBE proRsEPEARRT 55, Wfisbdne heetl inBPdHerg epsgantds Br
anariihe ¢ighel Roleaétiver @Retdantis@lp consi sting of

silicate glass, silicon oxide, silane, and tetraethyl
orthosilicate (TEOCS). 19. The process of claim17,

whey e thep@m%ﬁe@mg%%s&l@ug et REmPRRNIgNY havi ng
an aspect ratio of at least 151 is a mxture of He

-

and Ar . e¥pesingthepsdaing lgyerdp 4 plpsron ofii spseops etchartcomprising
oL 8baf. oo BRRharlYr Blekod AP BELF S

(10)" "pércent Ar .a Zf. Th% %{r;)gcegép éﬁ‘l’%ﬁg#%@r%ﬁa of

t hebayphilagnd ncl udes an opening sel ected fromthe

group of.. Vi3 t . .
0r, Chin PRI ARy 1 BT B REBRTRSIns o
asleesttfiftya(30) pementHe t¢ RGN, opeoimgrhayingparsanpettytatig of at least
gagg?us etchant to a plasma etch reactor having the
insulating |ayer; and etching the insulating |ayer

with a plasma of the gaseous etchant to produce the

defi ni ng an gssentj al el ongat e, trical
?ﬁe aﬁ,’be process OF g'laum IIJ7, wLélre tﬂ)e Pn 1?]ate1ng ?glyrererrr?s an o%de selected
from the group consisting of silicate glass, silicon oxide, silane, and tetraethyl
orthosilicate (TEOS).

19. The process of claim 17, where the gaseous etchant to etch the opening

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

20. The process of claim 19, where the gaseous etchant is about ninety (90)

percent He and about ten (10) percent Ar.

21. The process of claim 17, where the opening includes an opening selected

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

22. A process for etching a insulating layer to produce a high aspect ratio
contact (HARC), comprising:
15



having an aspect ratio of about at |east 15:1. 23. The
process of claim?22, where the HARC has an aspect

WO 2007098283 at | east 20: 1. 24. The process of clBCHUERDN7/004564
where the gaseous etchant has at least fifty (50)
percent He. 25. An etching process, conprising:
suppl ying a gaseous etchant to a plasma etch reactor;
etching a surface of a insulating |layer with a plasna
of the gaseous etchant; and form ng an openi ng havi ng
a bottomand a side in the insulating |ayer that
al | ows &HPRIXINg peassewntietehamto g plasma qtelsrdagtor hgvingybe
to; : g he opening to the bottom
unin%t%gdr%rnggf&%%’ %i/&the side of the opening and having an
aspect retghing tife insulhtigslay@0with a28asnizhef the gessais @fchant to

| aj [ - b t h ' .
cL A g URSR B h L 0SS BBS EDRE, Mbdyicg anegne
| ehavinpan agpent raticoof gboud 8 leasir15:27. The process of

cl ai m 25, where the gaseous etchant conposition is
effective to increase the production of the opening as

corpar e HeGproédis bfcEemi2de ihiefetthe €1 ART s laa Glkp&rd ratto of at least
Ie%y fifty (50) percent He. 28. The process of claim
2520%here t he gaseous etchant conposition is effective

to maintain a constant etch rate as the aspect ratio

of the opening reaches at |least 15:1. 29. A contact

corfir i silhg:ACesp &f Plagmiay wihgredbp gaseons givhant kasds lqast ffty (50)
i nguicahi g, | ayer that allows an axis perpendicular to

the insulating | ayer to pass through the opening to

the bottomuninterrupted by the side of the opening,

wheke th&?{ggﬁig&goﬁé;s%i ggp%aéssenti ally elongate

symetrica 1ng an pect ratio of at |east
20: 1. 3Gupilymmgogissots eChaitae mpREmandich eeactoe; dept h of

the contagt is_about eighty.(8 nm.,31.. The nt act

of ol o Fne SR o/ BN NE el B g oL iR BRGp

a ewhast;tod for use in a nenory device. 32. The

contact of claim 31, ere the capagi tor is fabrjcated

as part fogming an 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 20:1.

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

to the insulating layer and the side is less than about forty (40) nm.

27. The process of claim 25, where the gaseous etchant composition is
effective to increase the production of the opening as compared to otherwise

identical etching lacking at least fifty (50) percent He.

28. The process of claim 25, where the gaseous etchant composition is
effective to maintain a constant etch rate as the aspect ratio of the opening

reaches at least 15:1.

29. A contact comprising:
16



RAM DRAM or SRAMcircuitry. 33. A contact,
conprising: an opening defining an essentially

web@nge2es synmetri cal shape havi ng an aspect re€T/0SmH7/004564
at least 20:1 etched on a insulating | ayer by exposing
the insulating layer to a plasma of a gaseous etchant
of at | east 50 percent He. 34. The contact of claim
33, where the opening having an aspect ratio of up to
15:1 is forned by exposing the insulating Iayer to a

I f d gaseogus et.chant. of, Ar
C onbi e SHFTHOSGIE & BETOTR 0P gt r|JeHAE haygr ikt allows an

etagly ﬁe@p&idﬁkt’ula:ﬁ@ﬂﬂé’ inSulding $44RP kd/pm tRroulh Slie GRASHUUHS the
chant haV|ng§§t least, fifty (50) percent He to the

ﬁ’SFfOF’e‘éiEP’E?F“P o the siglef] .tb&alpemsag’vhea;éheomwg defines an
efesianﬂguwgmgate@_k,aﬁﬁan %ﬁe hdvin a% af 8§R_RUMR A MasAF0: 1.

openi ng Vi ng a” bottom an inthe iInsulating
| ayer that allows an axis perpendlcular to the

L)gpggamtg{negcnci B Ef{:l‘e&gﬂ 39S wﬁQ{equg &%@%&R@@&ﬁgﬁ 1§’a6$1ﬁ‘: R cighty

the eni ng
h&8®)mman aspect ratio of at | east 15:1. 36 The
met hod of claim 35, including:first etching the
opening to an aspect ratio of |less than about 15:1
W|3t1h a Theawacd bf alaiyr Q9N vhgrshe bpertihg hedtivesAagprs & fodim a
?nd conmbi nati ons thereof. 37. The nethod of
Icﬁff"?ﬁl@ﬁ T RE IR &MY i¥gi ng t he second gaseous

etchant with the flrst gaseous etchant once the aspect
ngéo the etc O%ﬁnl ng reaches, about 15:1. A
ry qogect Shpfine) g Whare the fapacitaF ! i gb%?ﬁa%e% p%of

| RN, BRIA B, GRBRANIQircuier € the transistor and the
capaC|tor are connect ed by the conductive |ine, and

where the capacitor is contained in a insulating |ayer

haygi ng &Qo&tﬁ@tnb MiihB: a bottomand a side in the
insul ating | ayer Phat allows an axis perpendicular to

t he i nsw erening dediping aweypantalbhelongie symmepracal sbanechaving an
[ n
gp.%g%ﬁhﬁg&#aﬁr?] l%tgl.eﬁe(g tf %‘téi%dg)ﬁoe‘{ i'?Sltﬂ% d%'g 17‘3fer bPexpRsH: il
msulatmg layer to a plasma of a gaseous etchant of at least 50 percent He.

34. The contact of claim 33, where the opening having an aspect ratio of up
to 15:1 is formed by exposing the insulating layer to a plasma of a second

gaseous etchant of Ar, Xe, or a combination thereof.

3s. A method for operating an etch reactor, comprising:

supplying a first gaseous etchant having at least fifty (50) percent He to
the etch reactor;

supplying a insulating layer; and

etching with a plasma of the first gaseous etchant an opening having a
bottom and a side in the insulating layer that allows an a;(is 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.

36. The method of claim 35, including:
17



20:1. 39. A processor based system conprising: a data
i nput device; a data output device; a processor
we@owploest3i o the data i nput and data out put devPCEES20aTI0D4564

a nmenory device coupled to the processor, where the
menory device includes: a transistor; a conductive

line; and a capacitor, where the transistor and the
capacitor are connected by the conductive |ine, and

where the capacitor is contained in a insulating | ayer

havi n Wit h 2. ottom

noul ot PRy SRR e fobin? rd 8k bR B0 YTt b i with o

t hﬂasma; of abecmgxdl gayeius echpassohpriging Ar] e, adestinitgnatéons
QS %ton1un|nterrupted by the side of the opening
hadVfi§*an aspect ratio of at |east 20: 1.

37. The method of claim 35, including:
exchanging the second gaseous etchant with the first gaseous etchant

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

38. A memory device comprising:

a transistor;

a conductive line; and

a capacitor, where the transistor and the capacitor are connected by the
conductlve line, and where the capacitor is contdined in a insulating layer having
an opening with 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.

39. A processor based system, comprising:
a data input device;
a data output device;
a processor coupled to the data input and data output devices; and
a memory device coupled to the processor, where the memory device
includes:
a transistor;
a conductive line; and
a capacitor, where the transistor and the capacitor are connected
by the conductive line, and where the capacitor is contained in a
insulating layer having an opening with 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 having an aspect ratio of at least 20:1.
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