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nmet hods of form ng openings into dielectric material. 10 BACKGROUND ART

| nt egr at ed wonrewrioBes3are typically fabricated onto and wdrws20@@sogonduct or
substrates, wth the continuing trend being towards manufacturing

ever-smal |l er devices. Capacitors are one type of conponent 15 which is
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st orage nod@atdredtrode is forned. For exanple, an array of capacitor

el ectroflg openings for individual capacitors is typically fabricated in

such insul ative capacitor electrode-formng material, wth a typical

i nsul ati ve Mﬁﬂﬂﬁﬁﬁlg material being silicon d| oxi de doped with one
or both of phosnhfergﬂgteand chenr®. e gRAGIyt OfasHRGEH 00130 ARENipigsnar e
typically formed by etching. However, it can be difficult to etch the
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in DRAM circuitry. A typical capacitor is comprised of two conductive

electrodes separated by a non-conducting dielectric region. As integrated
circuitry density has increased, there is a continuing challenge to maintain
sufficiently high storage capacitance despite typically decreasing capacitor
20 area. The increase in density of integrated circuitry has typically resulted in
a greater reduction in the horizontal dimension of capacitors as compared to
the vertical dimension. In many instances, the vertical dimension of
capacitors has increased.
One manner of forming capacitors is to initially form an insulative
25 material within which a capacitor storage node electrode is formed. For
example, an array of capacitor electrode openings for individual capacitors
is typically fabricated in such insulative capacitor electrode-forming material,
with a typical insulative electrode-forming material being silicon dioxide
doped with one or both of phosphorus and boron. The capacitor electrode
30 openings are typically formed by etching. However, it can be difficult to etch
the capacitor electrode openings within the insulative material, particularly
where the openings are deep.
One manner of etching openings within dielectric materials, whether
capacitor openings, contact openings, or other openings, includes plasma
35 etching. Here, the bombarding species typically comprises electrons which
one or both of physically or chemically interact with the dielectric material,
typically through mask openings to transfer the pattern of the mask openings



35 etching. Here, the bonbarding species typically conprises el ectrons which
one or both of physically or chemcally interact wwth the dielectric
material, typically through mask openings to transfer the pattern of the
mask openi nge 200003087/ 030332 PCTI US2006/ 033014 2 into P& USL@hesdt4
material. However in sone instances, particularly where the depth of the
openi ng reaches and exceeds twenty tinmes its narrowest w dth, continued
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opposing sidewalls of the dielectric material. At |east respective portions
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respective portions within the opening, plasma etching is conducted into and
t hrough t hé&q" %’ftspoi nt of the dielectric material of the opening to extend

t he openi ng deeper within the dielectric nmaterial. In one inplenentation, a
met hod of fgrm n opening into dielectric material includes formng
patterned M\at erial over dielectric material 25 of a substrate. An

opening i s partiTaid ynedrttoedinaiided meettdbes ext farmimgtapeinalgusitogditehectpat t er ned
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maski ng matdeliealric gnateraedvith osuttheopaiisg r apepaisinteast lowssdx ot eable
openi ng.  AfdiostiesiiBWNRYE M th8hislettid M didl. CRNAYGEE F¥&hective portions of
the opposing sidewalls within the opening are lined with an electrically
conductive material. With such electrically conductive material over said
20  respective portions within the opening, plasma etching is conducted into and
through the lowest point of the dielectric material of the opening to extend
the opening deeper within the dielectric material.
In one implementation, a method of forming an opening into dielectric
material includes forming patterned masking material over dielectric material
25 of a substrate. An opening is partially etched into the dielectric material
using the patterned masking material as a mask during a first etching. The
opening comprises opposing sidewalls. After the first etching, only some of
the patterned masking material is removed from the substirate at least
proximate the opening. After the removing, an electrically conductive
30 material is deposited over remaining of th/e patterned masking material and
to within the opening over at least respective portions of the opposing
sidewalls. With such electrically conductive material over the respective
portions within the opening, a second etching of the dielectric material is
conducted to extend the opening deeper within the dielectric material, and
35 wherein the second etching comprises plasma etching.



30 material is deposited over remaining of the patterned nmasking materi al
and to within the opening over at |east respective portions of the opposing
sidewalls. Wth such electrically conductive naterial over the respective
portions w W@i280%dies3openi ng, a second etching of the di eb@gtsiegmsherial is
conducted to extend the opening deeper3within the dielectric material, and
35 wherein the second etching conprises plasma etching. WO 2007/ 030332
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1. Fig 3 is a Ie:\grge i nt of processing
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BRIEF DESCRIPTION OF THE DRAWINGS
Preferred embodiments of the .invention are described below with

reference to the following accompanying drawings.
20 Fig. 1 is a diagrammatic, cross-sectional view of a semiconductor
wafer fragment in process in accordance with an aspect of the invention.
Fig. 2 is a view of the Fig; 1 wafer fragment at a point of processing
subsequent to that depicted by Fig. 1.
Fig. 3 is a view of the Fig. 2 wafer fragment at a point of processing
25 subsequent to that depicted by Fig. 2.
Fig. 4 is a view of the Fig. 3 wafer fragment at a point of processing
subsequent to that depicted by Fig. 3.
Fig. 5 is a view of the Fig. 4 wafer fragment at a point of processing
subsequent to that depicted by Fig. 4.
30 Fig. 6 is a view of the Fig. 5 wafer fragment at a point of processing
subsequent to that depicted by Fig. 5.
Fig. 7 is a view of the Fig. 6 wafer fragment at a point of processing
subsequent to that depicted by Fig. 6.
Fig. 8 is a view of the Fig. 7 wafer fragment at a point of processing
35 subsequent to that depicted by Fig. 7.



subsequent to that depicted by Fig. 3. Fig. 5is a viewof the Fig. 4 wafer
fragnent at a point of processing subsequent to that depicted by Fig. 4. 30
Fig. 6 is aviewof the Fig. 5 wafer fragnment at a point of processing
subsequent wm2doiredossdepi cted by Fig. 5. Fig. 7 is a vi ewPOT/UBHE6/H3384 6 waf er
fragnent at a point of processing subsequent to that depicted by Fig. 6.
Fig. 8is aviewof the Fig. 7 wafer fragnent at a point of processing 35
subsequent to theép. deisi xivexlv oy the gtig.78 Wie2 0GHMIGU3B2a RETAUSZA0E/E63BQ14 4
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15 Fig. 16 is a diagrammatic, cross-sectional view of a semiconductor
wafer fragment in process in accordance with an aspect of the invention.
Fig. 17 is a diagrammatic view of a computer illustrating an exemplary
application of the present invention.
‘ Fig. 18 is a block diagram showing particular features of the
20 motherboard of the Fig. 17 computer.
Fig. 19 is a high-level block diagram of an electronic system
according to an exemplary aspect of the present invention.
Fig. 20 is a simplified block diagram of an exemplary electronic
system according to an aspect of the present invention.
25
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
This disclosure of the invention is submitted in furtherance of the

constitutional purposes of the U.S. Patent Laws "to promote the progress of
science and useful arts" (Article 1, Section 8).

30 Exemplary preferred methods of forming openings into dielectric
material are described with reference to Figs. 1-15. Referring to Fig. 1, a
substrate fragment is indicated generally with reference numeral 10. Such
preferably comprises a semiconductor substrate, for example a bulk
monocrystalline silicon substrate 12 having a dielectric material 14 received

35 thereover. In the context of this document, the term "semiconductor



Fig. 20 is a sinplified block diagram of an exenplary electronic system
according to an aspect of the present invention. 25 DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS Thi s disclosure of the invention is submtted in
f urt her ancevafoot/ése3szconsti t uti onal purposes of the U S. PEHUBHH6/33WE "t o
pronote the progress of science and dseful arts"” (Article 1 , Section 8).
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A masking material 16 is received over dielectric material 14 of
substrate 10. Such is preferably formed on material 14, with “on” in the
20 context of this document meaning in at least some direct physical contact
with the stated material. Masking material 16 might be of substantially
uniform composition throughout its thickness, or alternately might comprise
two or more layers of different composition materials. Fig. 1 depicts
masking material 16 as consisting essentially of only two layers of different
25 composition materials, namely with an inner layer 18 and an outer layer 20.
Either layer might be electrically conductive, electrically insulative, or
semiconductive. By way of example only, an exemplary preferred
electrically insulative material for layer 18 includes amorphous carbon, and
an exemplary conductive material includes conductively doped polysilicon,
30 titanium nitride, aluminum and/or tungsten. Layer 20 preferably comprises a
photoimagable material, for example photoresist. An exemplary preferred
thickness range for layer 18 is from 1,000 Angstroms to 20,000 Angstroms,

while that for layer 20 is from 1,000 Angstroms to 10,000 Angstroms.
Referring to Fig. 2, an opening 22 has been formed within masking
35 material 16, preferably completely therethrough to dielectric material 14. By



substrate 10. Such is preferably fornmed on material 14, with "on" in the 20
context of this docunent neaning in at |east sone direct physical contact
with the stated material. Masking material 16 m ght be of substantially

uni f or m cogROsihtdsa,t hroughout its thickness, or alternpteiyo0d@biisconprise
two or nore layers of different conpogition materlals Fig. 1 depicts
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cont enpl at and re ar ess o hotol i thography is utilized. A
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C4Fe, CF4, Oz, CF3 (including combinations of these, and with or without

20 inert gases such as Ar, Xe,) are exemplary chemistries. Multi-frequency
medium or high density plasma, parallel plate and RIE are exemplary reactor
types. In one exemplary embodiment, opening 24 as partially etched into
dielectric material 14 can be considered as comprising a lowest point 26 and
opposing sidewalls 28. Lowest point 26 might be a generally horizontally

25 oriented base with opposing sidewalls being substantially parallel as shown.
Alternately by way of example only, lowest point 26 might result from a
rounded, undulating, and/or rough base. Further alternately by way of
example only, some or all of opposing sidewalls 28 might angle toward one
another to form lowest point 26 as more of a point location or a knife-edge

30 line. Further alternately by way of example only, some or all of opposing
sidewalls 28 might angle away from one another.

Regardiess, in one implementation, and in accordance with
overcoming problems identified in the above Background Section which
motivated the invention, opening 24 is etched to preferably have an aspect

35 ratio of no greater than 20:1 or no greater than 30:1, for example such that



15 Regardl ess, a preferred manner of etching to formopening 24 of Fig. 3 is
by plasma etching. An exenplary preferred techni que, where material 20
conpri ses photoresist, material 18 conprises anorphous carbon and naterial
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the depicted preferred embodiment, conductive material 30 is received over

or lines all of opposing sidewalls 28 with electrically conductive material,

20 and in one implementation might also likely be received over opening lowest

point 26. Such provides but one exemplary preferred embodiment of lining

at least respective portions of opposing sidewalls 28 within opening 24 with

an electrically conductive material, and regardless of whether a patterned

masking material is utilized and, if so, regardless of whether some, none or

25 all of such masking material is removed prior to depositing conductive

material 30. By way of example only, exemplary preferred conductive

materials include titanium nitride, aluminum, tungsten and conductively
doped polysilicon.

In one preferred implementation, electrically conductive material 30

30 has a lateral thickness “A” over opposing sidewall portions 28 of from 0.1%

to 40% of a minimum open dimension of an outermost portion of opening 24

within materjal 14 prior to the deposition of material 30, and more preferably

from 3% to 10% of such minimum open dimension. Further by way of

example only in one preferred implementation, electrically conductive



in one exenplary and depicted enbodinent is of all of outer l[ayer 20 of the
two | ayers 18 and 20 of different conposjtion material-s. For exanple where
mat erial 20 conprises photoresist, an exenplary preferred renoval technique
conprises Oz plasma ashing. 15 Referring to Fig. 5, an electrically
conductive material 30 has been deposited over the renmaining of patterned

maski ng nat efiAbridis@REs LOaVdrh Mhitkn8PEPANGy et gPbSInbidb 2R hoftfoHResd b e
portions of opp03|n935|demal 8. In the depicted preferred enbodi nent,
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otherwise) of material 14, Regardless and by way of example only,
20 conductive material 30 might function in a plasma etching technique of
extending opening 24 to deeper within material 14 by providing a conductive
flow path for positive ions of the etching species td_f[ow outwardly of the
opening, thereby possibly reducing or precluding a reduction of etch rate or
a change in etching direction.
25 Conductive material 30 might be removed from the extended opening
‘ , after the plasma etching of Fig. 7, or might alternately remain as part of
finished integrated circuitry construction. For example and by way of
example only, Fig. 8 depicts the deposition of more electrically conductive
material 34 to within opening 24 over electrically conductive material 30
30 which lines the respective sidewall portions 28. Such additionat conductive
material 34 might be of the same composition as that of electrically
conductive material 30, or might be of different composition. Further,
material 34 might be insulative or semicondu‘ctive, and thereby be another
(different composition) material. In one implementation where material 34 is
35 conductive, at least portions of materials 30 and 34 can be utilized in the



Referring to Fig. 7, and with electrically conductive material 30 10

recei ved over the respective portions of opposing sidewalls 28 within
opening 24, dielectric material 14 is etched to extend openi ng 24 deeper

wi t hi n di elyeciooi/asossat erial 14, with such etching conpriBEHYS29P&I84 et chi ng,
for exanple the plasma etching descril§ed above. The etching of Fig. 4 m ght
be considered as a first etching of material 14, whereas the etching of 15
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alternately rena|n as art of inis |nte%rated C|rCU|tryaconstr ction.
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sem conduct i Vve, her erent conposi on) In
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circultr ereby "'provi di ng
conduct i ve sesemponetrhinger @6f . alF@"nateharrpneg@hd rpgaimy Qﬁf éxapendueliNgs, the

substrate sCHmn'ébEldu&nfE QJ?thFecPr?H bér%‘%\ 6fQHBQHPM%téfﬁ4t85Pa%d frcaukpeeidyy of
| ayer 18 (or alternately, polished e way to diélectric naterial 14),
t hereby forfaPrigatgd. Alternately by way of example only, all of remaining masking

material 16 might be completely etched during the act of etching to extend
20 opinion 24 further within dielectric material 14.

By way of example only, Fig. 10 depicts an alternate exemplary
embodiment substrate fragment 10a. Like numerals from the first-described
embodiment have been utilized where appropriate, with differences being
indicated with the suffix “a”. Fig. 10 depicts the removal of all of masking

25 material 16 (not shown) either commensurate with the extension of
opening 24 within dielectric material 14 or subsequent removal thereof after
such etching. Thereby, exemplary material 34a is shown received on the
outermost surface of dielectric material 14.

Further by way of example only, Fig. 11 illustrates another exemplary

30 alternate embodiment substrate fragment 10b. Like numerals from the first-
described embodiment have been utilized where appropriate, with
differences being indicated with the suffix “b”. Fig. 11 is similar to the Fig.
10 construction, however wherein conductive material 30 (not shown) has
been removed after the second etching and prior to the deposition of an

35 exemplary material 34b.



5 contai ner capacitor storage node, for exanple of DRAMcircuitry, relative
to dielectric material 14. Fig. 9 depicts such, and subsequent fabrication
of a capacitor dielectric layer 31 and an outer capacitor el ectrode 33,
with nmaterwak®78®33nd 34 form ng a capacitor el ectrode PCaaseaedssats | east
partially wthin extended opening 24,10t hereby form ng a capacitor.
Alternately, by 10 way of exanple only, material 34 m ght al so have been
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the sidewalls of extended opening 24c with electrically conductive

material 34c. Figs. 14 and 15 depict the subsequent plasma etching of

20 dielectric material 14 to further extend opening 24c¢ deeper within dielectric
material 14, which again may or may not extend such opening completely
through dielectric material 14. Accordingly, the above processing can be
repeated in part or in whole, if desired, in etching an opening within the
dielectric material in more than two etching steps.

25 Aspects of the invention include fabricating integrated circuitry, as
might comprise any circuit, or sub-circuit. Further by way of example only,
such might comprise memory circuitry, for example DRAM circuitry. For
example, Fig. 16 depicts a field effect transistor 70 incorporated into a
DRAM memory cell. Specifically, transistor 70 is depicted as comprising

30 opposing source/drain regions 72 and 74 having a gate construction 75
received operably therebetween. Gate construction 75 is depicted as
comprising an electrically conductive portion 78, a gate dielectric 80, an
insulative cap 82, and insulative sidewall spacers 84. Field effect transistor
construction 70 is of course exemplary only, and any other construction

35 (whether existing or yet-to-be developed) is contemplated, for example



The above-descri bed, exenplary preferred enbodi nents depict the plasnma
etching of Fig. 7 as extending opening 24 conpletely through dielectric
material 14. However, aspects of the invention are not so limted, and it
may be desiWaBP®/mB@3bnly partially extend the openi ng desmeuswdstobdons 5
dielectric material 14, for exanple aslla prelude to a subsequent etching
step, or in the fabrication of a circuit conponent within dielectric
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si dewal | Sp&?%rr%yigéf n@rﬁ&% gélise,céné rs%@ﬁiasrtr%; can be coupled with addressing
20 circuitry for accessing individual memory cells in the array. Further, the
memory cell array can be coupled to a read circuit for reading data from the
memory cells. The addressing and read circuitry can be utilized for
conveying information between memory device 408 and processor 406.
Such is illustrated in the block diagram of the motherboard 404 shown in
25 Fig. 18. In such block diagram, the addressing circuitry is illustrated as 410
and the read circuitry is illustrated as 412.

In particular aspects of the invention, memory device 408 can
correspond to a memory module. For example, single in-line memory
modules (SIMMs) and dual in-line memory modules (DIMMs) may be used in

30 the implementation which utilizes the teachings of the present invention.
The memory device can be incorporated into any of a variety of designs
which provide different methods of reading from and writing to memory cells
of the device. One such method is the page mode operation. Page mode
operations in a DRAM are defined by the method of accessing'a row of a

35 memory cell arrays and randomly accessing different columns of the array.



construction 70 is of course exenplary only, and any other construction 35
(whet her existing or yet-to-be developed) is contenplated, for exanple WO
2007/ 030332 PCT/ US2006/ 033014 11 vertical and/or recessed constructions.
Sour ce/ dr ai WOr2egjiiam3Z2 is electrically connected to a se@rES$peodssiice 150,
and source/drain region 74 is electricl®81ly connected to a bitline 152.

El ectrically conductive portion 78 of gate construction 75 is electrically

connect ed t ®ala gedredcrthe abweamd asturddhtemebtion age skeve ok ahd @ utput wioingpr i se
any suitabl q vice, .including a capacitor, for exanple, and al so one which
coul d i ncl & ELYRNAP F8PCR%hici t or storage node as described above.
Bitline 152 can @mrmterseteamesajldea,bctea|s tensttendéd data dhiputi(EDO)ehémoty
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device 708 Generally, electronic system 700 will have a native set of

instructions that specify operations to be performed on data by

20 processor 702 and other interactions between processor 702, memory
device unit 706 and /O devices 708. Control unit 704 coordinates all
operations of processor 702, memory device 706 and I/O devices 708 by
continuously cycling through a set of operations that cause instructions to be
fetched from memory device 706 and executed. In various embodiments,

25 memory device 706 includes, but is not limited to, random access memory
(RAM) devices, read-only memory (ROM) devices, and peripheral devices
such as a floppy disk drive and a compact disk CD-ROM drive. One of
ordinary skill in the art will understand, upon reading and comprehending
this disclosure, that any of the illustrated electrical components are capable

30 of being fabricated to include DRAM cells, wordlines and bitlines in
accordance with various aspects of the present invention.

Fig. 20 is a simplified block diagram of a high-level organization of
various embodiments of an exemplary electronic system 800. The
system 800 includes a memory device 802 that has an array of memory

35 cells 804, address decoder 806, row access circuitry 808, column access



30 the inplenentation which utilizes the teachings of the present invention.
The nmenory device can be incorporated into any of a variety of designs
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The various illustrated systems of this disclosure are intended to

provide a general understanding of various applications for the circuitry and

20 structures of the present invention, and are not intended to serve as a
complete description of all the elements and features of an electronic
system using memory cells in accordance with aspects of the present
invention. One of ordinary skill in the art will understand that the various
electronic systems can be fabricated in single-package processing units, or

25 even on a single semiconductor chip, in order to reduce the communication
time between the processor and the memory device(s).

Applications for memory cells, wordlines and bitlines can include
electronic systems for use in memory modules, device drivers, power
modules, communication modems, processor modules, and application-

30 specific modules, and may include multilayer, multichip modules. Such
circuitry can further be a subcomponent of a variety of electronic systems,
such as a clock, a television, a cell phone, a personal computer, an
automobile, an industrial control system, an aircraft, and others.

In compliance with the statute, the invention has been described in

35 language more or less specific as to structural and methodical features. Itis



(RAM devices, read-only nenory (ROM devices, and peripheral devices such
as a floppy disk drive and a conpact disk CO-ROM drive. One of ordinary
skill in the art will understand, upon reading and conprehending this

di scl osur e, Woreae7/@mp2of the illustrated el ectrical conpoPERivS0ewi83dapabl e 30
of being fabricated to include DRAM cel s, wordlines and bitlines in
accordance with various aspects of the present invention. Fig. 20 is a
sirrbrrpldi fied bb]gw ud'blagsﬁac:iﬁi,OI‘\oﬁ!lehbghthVl@é imr@mngéigth@mhnmﬁtede imgggecificl g
enbodi nent s .0f, an_exe ar ectrgnic system .. The syste i.ncl udes
2 memory devre oS PR Ahd TRt RP R g ISP THEHBEG TSEIN &SRSt AT RYSe
decoder 806,pretameat desss cot quitting B@8 invewitionm itoc efiec\\D 20@7 /020382 is,

PCT/ US2006/ 4 1 ' It 810, .1 LW i itry for
controlli ngqgg%&%ﬁ’oﬁg&%ﬁgh %ﬁ%u%/ gat%ﬁgsgﬂr té’ﬁcfcﬁﬁ%tg%ﬁ %hﬁ,ﬁrtbedgﬁp%er 802
further iBnclagdes Polher apréendad claimgl@yprandatedniuesp@2d] i wceoxdanmer wiht
sensors for r 0l a nenory cell is in alowthreshold
conducti ng gﬁgkﬁcgﬁﬂ%ﬁggg%@ghﬁgéihreshold non- conducti ng state. The
illustrated power circuitry 816 includes power supply circuitry 880,
circuitry 882 for providing a reference voltage, circuitry 884 for
providing the first wordline with pulses, circuitry 886 for providing the
second wordline with pul ses, and circuitry 888 for providing the bitline
wi th pul ses. System 800 al so includes a processor 822, or nenory 10
controller for nmenory accessing. Menory device 802 receives control signals
824 from processor 822 over wiring or netallization |lines. Menory device
802 is used to store data which is accessed via I/Olines. It will be
appreciated by those skilled in the art that additional circuitry and
control signals can be provided, and that 15 nenory devi ce 802 has been
sinplified to help focus on the invention. At |east one of processor 822 or
menory devi ce 802 can include a DRAM cell of the type described previously
in this disclosure. The various illustrated systens of this disclosure are
intended to provide a general understanding of various applications for the
circuitry and 20 structures of the present invention, and are not intended
to serve as a conplete description of all the elenments and features of an
el ectronic



system using nenory cells in accordance with aspects of the present

I nvention. One of ordinary skill in the.art will understand that the various
el ectroni c systens can be fabricated in~single-package processing units, or
25 even on a single sem conductor chip, in order to reduce the conmunication
tinme betme@ﬁuﬁﬂpdgnﬁ&§§§or and the nmenory device(s). Applications for nmenory
cells, rdlines and bitlines can include electronic systens for use in
menory nodul es, device drlvers power nDduIes connunlcatlon nodens,

processor %mdul %s I i cation 30. specif go & and may |_ncI ude
mul tilayer,  mul ’&‘I’*’rﬂ]ﬁ) er@@g ), CRENPIGBIR: ‘i“? crigymatraleroBRIEING Ubc onponent
of o vari Slofmily BhREHEAnasRIS! AERrial BUENRTeciE iEriafof 8!AibERARN the, Cel

phone, a perso conput er autonobil e, an industrial control system an
aircraft, and omlasking Imakeuabl cempasingt loutére artcat imher tayers nekendifferenhas been
described in 35 Iangtja re or | ess specific as to structural and

net hodi cal feat?R’BEO P 9\&@2007/ 030332 PCT/ US2006/ 033014 14 to be
under st 0odfirsNeHAYR dBahIe Mibe dielBelic haldifl ushid ihe SRRGhESC
features s gvvn an ri l‘oedas s!én e the neans lherg}r{ dlusg]gt)secﬁé}orrprdljse

preferred for msmafsklpgt tmatgrisheas naemhaslg itme oopéfiegt .contgrisimy eappasing s,
therefore, clai any of its forms or nodifications within the proper 5
scope of the ap%EﬁWQES cl ai ms appropriately interpreted in accordance with
the doctri ggeOfheE RktVALAIM &;S re%vmﬁﬂ%ﬂ dfSthel 6!1@%&/% whileAeBRIngOdt Ciasftor m ng
an opening into dielectri¢ materiadal, conprising orm ng patt'erned maski ng
mat eri al over dscm‘ne(ﬂfrtme:mmrdayealatdﬂasapsmmmateatfe opeéreng;maski ng nat eri al
conpri si ng utﬁr and inner ers rent onp03|t|Pn materials; first

P e atRE Mo Sepo SR areleStraRt eRiqucta e ek Ao °f ha
pat t er ned ”aSK'r@rglaTFﬁﬁ bf fHe lﬂﬁeﬁlagﬁﬁbndtt@@ntﬁﬁﬁﬂfe%é?ﬁ bu&f fYegBPosi ng

sidewal I s; after thef rst etchin renmovi ng all outer layer while
| eavi ng at | eastrespamtivegbortines iairtbe épposingasidesedls amd o fesse tharefibghai ng;
opening; and

while said electrically conductive material is over said respective portions of
the opposing sidewalls within the opening and is less than filling the
opening, second etching the dielectric material to extend the opening
deeper within the dielectric material, the second etching comprising

plasma etching.

2. The method of claim 1 wherein all of the inner layer is electrically

conductive.

3. The method of claim 1 wherein all of the inner layer is electrically

insulative.
4. The method of claim 1 wherein at least some of the inner layer remains
over the substrate after the second etching; and comprising after the second

etching, removing all remaining of the inner layer from the substrate.

5. A method of forming an opening into dielectric material, comprising:



after the renoving, depositing an electrically conductive material over
remai ni ng of the inner layer and to within the opening over at | east
respective portions of the opposing sid8walI's and to Iess than fill the
openi ng; and while said electrically conductive material is over said

respect | verohAlid Biife 8o (SRR SLEPIRId U HIALNE 5o ARBtkg

| ess t han openin secon |elec rc m érlal to

extend the Openhmkircgeermenw tdmsistir’fgeedsahtwmyrmfcomqt o Hyers hf diffeand
etching conprising plasma etching. 2. The nethod of claim1 wherein all of
t he i nner Iayercqrﬁp%'ﬁ%’ﬂ matarials. conductive. 3. The nethod of claim1

wherein al #lrsPEtc%gfg ?@&?ten*ﬁgéﬂ%ﬁif %tSCtEé'o‘?é\H:@ﬁc an&:‘Ha‘Fh's\ﬁ% the: péi nggt hod of

claim1 wherern he i nner Tayer renains ~over e Substrate
after the seconthagkinbimgter@hdscanpasksithg a;fetrmg bbmpslecncgwd Iowtashpom of enovi ng
all remaining of the inner |ayer fromthe suli)strate 5. A nethod of form ng
an opening i ntod'ﬁleéFrébmalt%r'Wqupﬂos' NSoHBEYa) ?\g 16 formi ng patterned

maski ng r e t iR

ot or a1 condi O RSESIhRLTBRPLEFE & Lo} CHRlchob Tpaldhl T8 i i on
materials; fir stpaeten’rammaahmgpaaﬁemlgl pad to aithin theto:pelnhng dvexl &tdeastc mat eri al
using the patterned masking material as a nask, the openin rising a

Spen -
| owest point of re%neéat'éemraor}ﬁa@fethmppaﬁwgoﬂ%\ga'}ﬁga@qi@é%mes PEYR&r the first
etching, deposi ‘id»OéJs %nﬂ' Pﬁél‘eeﬂgb}fy EORGGIVE YRafERGE e'sé'théw ﬁn.ng pat t erned

maski ng materi al e openi ng over at eas res ive
portions of theopppmgl ng sidewalls and over the opening |owest point, the
electricall conducti ve, materi al esst an filli after sai d

deposi ti ng? "ert%EH RAsdiNgo Ricking chye é\*‘?t@&'gl @ﬂ‘e%v i‘g% 0$%dhe openi ng
el eotribally commiips ialed AU d acﬁ@"vif%i'é.f G0, Setri oal Ty canduct i ve
mat eri al i afterntbe edehidg oéspielcdlevteicplly comnstioé ndterial and while said
electrically conductive material is over said respective portions of the
opposing sidewalls within the opening and is less than filling the
opening, second etching the dielectric material to extend the opening
deeper within the dielectric material, the second etching comprising

plasma etching.

6. The method of claim 1 wherein said depositing covers all of the

opposing sidewalls with the electrically conductive material.

7. The method of claim 1 wherein the opening prior to said depositing has

an aspect ratio of at least 10:1.

8. The method of claim 7 wherein the opening prior to said depositing has

an aspect ratio of at least 15:1.

9. The method of claim 1 wherein the electrically conductive material has a
lateral thickness over the opposing sidewall portions of from 0.1% to 40% of a
minimum open dimension of an outermost portion of the opening prior to said

depositing.



opposing sidewalls wthin the opening and is less than filling the opening,
second etching the dielectric materi al ho extend the opening deeper within
the dielectric material, the second eté ing conprising plasnma etching. 6.
The met hod of claim 1l wherein said depositing covers all of the opposing
sidewalls with the electrically conductive material. 7. The method of claim
1 wherein the opening prior to said depositing has an aspect ratio of at

| east 10:1. ). The rmethaaddofodlaih 8i whereh treelaterah thickrassisnig fromh @% tto 1984 d
depositing has an aspect ratio of at least 15:1. 9. The nethod of claim1l
wher ei n tk@sé!"éﬂt”ﬁ'%ﬁnloﬁe@cﬁi@‘@@ﬂqﬁe material has a |lateral thickness over

t he opposing sidewall portions of fromO.1%to 40% of a m nimum open

di mrensi on of an outernost portion of the opening prior to said depositing.
17 10. The 1tet Mad wietddiioh Jaimhelr eomptibiagl rtreovihg ttheckoredhsctive materiaB% t o
10% of sajd m nimum open djnension. 11. The method of claim 1 conprising

r enovi ng tﬁ%’“éBﬂ@G@ﬂlr\geafF?dttB?lsﬁponcﬁ etiithe openi ng after the second etching.
12. The method of claim 1l conprising depositing another material to within

t he opening over the electrically conductive material lining the respective
si dewal | portd.offteahetrodt dmfeclalnasn@ompnﬁhggiepashiingcarmtheri maatéraal o rvgthin

i nt egrat ed circujtry, not er material and sai 3 el ecﬁqu cally

conduct i vel"gaPBENIAD PVEH abe ﬁ@trﬁcéﬁlbéiﬁqd\VQt"é‘? deqiganial H}”i‘got € E‘?ﬁ?&tcf“é‘? ng

portions i H?c?‘f T, f it @Y(ﬁcﬁ's' ng
deposi ti ngé ad@ls'tI |p§n sa{aggri ?’!é(;EHSHé/ &@\ugc %}@e%m erln(r’;?tJIf trﬁﬁg t he

openi ng ovarcuithg sdie cnotieel mtemandarcd said elea’trmallyalconduem\xaamaieéal lirtieg
respective sidewal| portions after the second etc r.i sing
forming | iEgPapekive Seaval portoaseomisGRANIOBs (e INeSTRREAGIT and sai d
electrically conductive material received over the respective sidewal |l

portions conprising portions of the integrated circuitry. 14. The nethod of
cl ai m 13 whet®i Thehenetbod t ofockimell ecompdsingy depositing | additionetl eeleatrically of t he

same conpositjon as that of t electrically conductiyve terial received
over thgpr‘é%’ldé’é}}’ﬁ’/eméf%’%}vaol \Ag@,lqitgﬁsoper?‘mgyover the electrically con UC{IVG
material received over the respective sidewall portions after the second etching,
and comprising forming integrated circuitry, said additional conductive material
and said electrically conductive material received over the respective sidewall

portions comprising portions of the integrated circuitry.

14. The method of claim 13 wherein the additional electrically conductive
material is of the same composition as that of the electrically conductive

material received over the respective sidewall portions.

15. The method of claim 13 wherein the additional electrically conductive
material is of different composition from that of the electrically conductive

material received over the respective sidewall portions.

16. The method of claim 13 comprising forming the additional electrically
conductive material and the electrically conductive material lining the respective
sidewall portions into a capacitor electrode received at least partially within the

extended opening.



15. The method of claim 13 wherein the additional electrically conductive
material is of different conposition frgmthat of the electrically
conductive nmaterial received over the respective sidewall portions. 16. The
met hod of claim 13 conprising formng the additional electrically

conductive material and the electrically conductive material lining the
respective sidewall portions into a capacitor electrode received at | east
partial |y wit/hiTthe hethekioécthén bpdwereig.thé&ectid elttengreixberdisothecdaning

wherein the second,etchin 1 s t eni ng conpl etely through said
di el ect ri cCAmRRIEIRINrO4EN Sg%é'ﬁgcﬂ&"@f a?al m 1 wherein the second etching
does not extend the opening conpletely through said dielectric material.

19. The method of claim 18 conprising after the second etching, |ining
| owest portiidns The neethedadfl Gaiof 1tieereit tmdmbomtrieetbhi@gvdaets ebdteextend dhe y

conductive material et ching said dielectric
material tPIFNI ﬁ%mp‘eéé‘[ygh ltgli‘esqad‘gg I%%}P bithin said dielectric
material. 20. The nethod of claim1 wherein aI | of the inner layer is

sem conductive. 21. The nethod of claim5 wherein at |east sone masking
mat eri al rend®. n§heomethadchef stidisn ridt eoafprisingt Iaﬁeséber&eoamdheto@;n@riming

conpri si n aft he s d h| n ng.all . renai n| of th maski ng
mat eri al f’ﬂ%&'gﬂﬁ 5@8"3“ g“t%‘?’na &%'r@ ‘é(itht g(l ‘I"ast sone
maski ng ”%Qfér%h 5RIRBSeqQ¥Rly bRRNSHRSTAG %ot (sietie ﬁ\%@é}m tetﬁhheg and
conpri sing formng integr at ed” circuitry, Said at |east some of the masking
mat eri al témiend theaopsniogdeepsi within sgiddiélectriofmatiedal. nt egrated circuitry. 23.

The nethod of claimb5 wherein said depositing covers all of the opposing
sidewalls with the electrically conductive material. 24. The nmethod of claim

5 wherein thg elraeime®dll of FARM AHeYSARIIRIItRS it Ié‘yer'@%éﬁﬁ'&oﬁdﬂcﬁtﬁé‘ess over

t he opposing sidewall portions of fromO.1%to 40%of a m nimum open
di mensi on of an outernost portion of the opening prior to said depositing.

25, The met o ShechaBuly TR bigeleRhaeshe Rondhs HhatergReRrdiRl  from
over the substrate after the second etching; and comprising after the second

etching, removing all remaining of the masking material from the substrate.

22. The method of claim 5 wherein at least some masking material remains
over the substrate after the second etching; and comprising forming integrated
circuitry, said at least some of the masking material that remains comprising a

portion of the integrated circuitry.

23. The method of claim 5 wherein said depositing covers all of the opposing

sidewalls with the electrically conductive material.

24. The method of claim 5 wherein the electrically conductivematerial has a
lateral thickness over the opposing sidewall portions of from 0.1% to 40% of a
minimum open dimension of an outermost portion of the opening prior to said

depositing.

25. The method of claim 5 comprising removing the conductive material

from the opening after the second etching.



26. The nmethod of claim5 conprising depositing another material to within
t he opening over the electrically condﬁﬁtive material |lining the respective
sidewal | portions after the plasnma etching, and conprising formng
integrated circuitry, said another material and said electrically
conductive material lining the respective sidewall portions conprising
portions of the integrated circuitry. 27. The nethod of claim5 conprising
deposi ti ng a&tdi Themaetheldestt ¢claivalbl gomprisiny depwsitingtaratiaér thatewdl o withire
openi ng ovEr the electricall conchtive nateriaI_L ceiveg over t

I ia 3 dge

e
respecti yet Si BRYRING BYF' itl'dﬁl lﬁ'f:tl”_@? % rFé’_nggé'EBY?d ragien ning, cEﬁﬁPFFEY%g _
formng i r#i@&ﬂ/éﬁ §6ni%irfscé'fté|r the g%'s%aagfﬁh‘id@?%{d EQH@H%@%%HW 'idst ratédd said

el ectrically conductive materi recel ved over th ective sidewal |

porti ons compitiysisaid poothensatdridl rend saidgelatteidally conductve Btateralnatimpd of
form ng an opening into dielectric material,  conprising: o[ m ng _patterned
rmski ng. maherESpeayersideas Besiions el Borans ob e Ategrated SedrEni ng an
opening partially into the dielectric nmaterial using the patterned masking
material as a mask, the opening conprising opposing sidewalls; after the
first etchi iy, Tesowiatigodndfy cleome5otomhpasipgt depositingreaxdditianataelecirghlly f r om

the substrate a}. Ieastq Proxi mat e tPe ogeni ng; after the repovi r}gj eposi ting
an el ect ri NGt JARIRTA) ormtfithin 4 QRENING AR ithy RIECHiRRING RAEIUAEE naski ng
mat eri al i L) i i I L hipgs of the
opposi ng ?l“ teévK/faélI séerynégj %‘bc}ﬁltggggét attlr\{g}éﬁ?ﬁétlhgﬁgghﬁiaﬁé?ﬂﬁlé?/(gor@g?tghmg’

el ectri cal and comgusingvie rmatgeintedratex] civavitngasaid rredjooai cenguactiveanatesial t he

opposing sidewal |s within the opening and is less than filling the peni ng,
second et I §arhEealrERbY conuAtEomalkrial deasver dven dhe semperive idpral v t hi n
the diel e%ér’ti&né‘%{zﬁ(p{riﬁ@g%rﬂ@nééfﬂ'wefiﬁf’@ﬁré‘t'e@%ir%biﬁ e patterned masking

material as a nas second etching “conprisin pl asma etching, at | east
sonme of said remaining nmasking material remaining over the substrate after

e o0, e AR Rl cheRSnr el e SR BBl uht, ves
met hod of ok Ry shtiiined FRAdkend Mae it SVEF bidiCctiB hith Al of PSRt EHE Y-
first etching an opening partially into the dielectric material using the patterned
masking material as a mask, the opening comprising opposing
sidewalls;
after the first etching, removing only some of the patterned masking material
from the substrate at least proximate the opening;
after the removing, depositing an electrically conductive material over
remaining of the patterned masking material and to within the opening
over at least respective portions of the opposing sidewalls and to less
than fill the opening;
while said electrically conductive material is over said respective portions of
the opposing sidewalls within the opening and is less than filling the
opening, second etching the dielectric material to extend the opening
deeper within the dielectric material using said remaining of the
patterned masking material as a mask, the second etching comprising
plasma etching, at least some of said remaining masking material
remaining over the substrate after the second etching; and
after the second etching, removing all of what was left of said remaining

masking material from the substrate.



form ng patterned masking material over dielectric material of a substrate,
the masking material conprising outer and i nner layers of different
conposition materials, all of the i nnet2 | ayer being electrically conductive;
first etching an opening partially into the dielectric material using the
patterned masking material as a mask, the opening conprising opposing
sidewal I s; after the first etching, renoving only sone of the patterned
maski ng mat e29. alA méthod dftferraingsdn apeniat inteatiéleptriexnatdrial tduenpnismg:ng; after

t he renovi ng, depositing an electricall onductive material over remaining
of the patfpamﬁ@dp%tﬁ%ﬂapﬁgnﬁﬁlﬂagiraatealﬁhov%' &he{%trﬁ: m?éeg%e% agubstiate. dhe | east
respective portj ; : i i I n fill the
openi ng; and while Isrg*f @%yéég@?ﬁﬁéﬁﬁﬁ%%ﬁﬁh#m@ﬂ% ée)r}siogl%?flfesr%ﬂser sai d
respective portcompositiohhmatevipi) silng tise ohevealdyer beiry alettrizatpeondgctaved i s

|l ess than filling the openin second et chi Ie,ctrt'}]c material to

extond § hShISTG SAEBREMSRENEIY (118 tof e e naisyiel e WRPAIEER
etahing conpri singiR ARBFerlcakng. Mlsk AHE! BNk (RMhGNoARIGY [ Nt o

dielectric mate , conprising: formng patferne ski ng erial” over
di el ectric nat esidevakld; a substrate, the nasking material conprising outer

and inner |layers of different c¢onposition erials, all of. the inner |ayer
bei ng seni %f_ﬁ%cm@tfi'r\%,etqh”?gatreé‘i'%ri‘%_Q”%Sgﬁ@ngﬁ%‘%aﬂt‘?r&leaym?ﬁL'BQt'Wéte_diagl ectric
material using 44a tHétshgét'P at@é#‘t'ﬁ?gxiﬂﬁatté?h@bpéﬁing' mask, the opening

conpri sing opposing sidewalls; after the first etching, renoving only sone
of the patafeerrted remskinggdepbsitinglan dlectricallyecendustivaneatatial @ast proxi mate the

opening; after the renoving, depositing an electrically conductive naterial
over remai ni ng YN Bﬁﬁ?’épﬁggr’}%jsmagbmﬁdpéﬁr@ﬂ ag dtotWﬁthﬁPrPRGr%ng)peni ng

over at least r i [We! ; | S| SsS
than fill the oééﬁfﬁg!e%(@‘g%é&&%iFf%“é@‘?a"’@l"%????%@‘??ﬁ&%@%?99&2“%% erial
is over said respacfill the guedingrendf the opposing sidewalls within the
opening and js less than filling the . ) ) _
while said electrically conductive material is over said respective portions of the
opposing sidewalls within the opening and is less than filling the
opening, second etching the dielectric material to extend the opening
deeper within the dielectric material, the second etching comprising

plasma etching.

30. A method of forming an opening into dielectric material, comprising:

forming patterned masking material over dielectric material of a substrate, the
masking material comprising outer and inner layers of different
composition materials, all of the inner layer being semiconductive;

first etching an opening partially into the dielectric material using the patterned
masking material as a mask, the opening comprising opposing
sidewalls;

after the first etching, removing only some of the patterned masking material
from the substrate at least proximate the opening;

after the removing, depositing an electrically conductive material over
remaining of the patterned masking material and to within the opening
over at least respective portions of the opposing sidewalls and to less

than fill the opening; and



openi ng, second etching the dielectric material to extend the opening

deeper within the dielectric material, the second etching conprising plasna
etching. 31. The nethod of claim 1l wher®€in the dielectric nmaterial over

whi ch the masking material is formed conprises at |east one of carbon doped

31 wher ei nfite SECPRERICAD SibafouR wdBr TR SYP- S Fosntig el gitng,
formed conpri sespppasheysidenafs fithincte chepvigignd 3lesd ieamelingdhef clai m 31

wherein the dielectric material over which the masking material is forned
conpri ses haf ni RedIHesecond giebingethirodielsctics matesal ithextand theeoBeRingct ri c

oxi de. 35, " The. RRtRm T ndTe iEcCRLFeTe| b ol AR S0 ouor “whi cn

the nmasking matgsdrah etchihgr med conprises at | east one of carbon doped
silicon dioxide, hafniumoxide, or germanium oxide. 36. The nethod of claim
5 wherein the dielectric material over which the nmasking material is fornmed

conprises at,le f n - Sl i oxi_de. iy .pxide, or
ger mani um ot e N 7Meel! RERRIA" s WRFT e Bilertiorerdian et Wl e e e
over whi chpfdiRingasitendl efoeied compfiossred leasmpohsest earbbRagsépadeiligbncar bon
doped silicon i oxi de, hafnium oxi de, or germani um oxi de. 38. The nethod of

cl ai m 30 wHSxiden hafdum @i tqn germandymaxidsyer which the masking material is
formed conprises at |east one of carbon doped silicon dioxide, hafnium
oxi de, or germani um oxi de.

32. The method of claim 31 wherein the dielectric material over which the

masking material is formed comprises carbon doped silicon dioxide.

33. The method of claim 31 wherein the dielectric material over which the

masking material is formed comprises hafnium oxide.

34. The method of claim 31 wherein the dielectric material over which the

masking material is formed comprises germanium oxide.

35. The method of claim 5 wherein the dielectric material over which the
masking material is formed comprises at least one of carbon doped silicon

dioxide, hafnium oxide, or germanium oxide.

36. The method of claim & wherein the dielectric material over which the
masking material is formed comprises at least one of carbon doped silicon

dioxide, hafnium oxide, or germanium oxide.

37. The method of claim 29 wherein the dielectric material over which the
masking material is formed comprises at least one of carbon doped silicon

dioxide, hafnium oxide, or germanium oxide.

38. The method of claim 30 wherein the dielectric material over which the
masking material is formed comprises at least one of carbon doped silicon

dioxide, hafnium oxide, or germanium oxide.



