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TECHNICAL FIELD

This invention relates to methods and apparatuses for removing

conductive and/or semiconductor material from microelectronic substrates.

BACKGROUND

20 Microelectronic substrates and substrate assemblies typically
include a semiconductor material having features, such as transistors and
transistor gates, that are linked with conductive lines. One conventional method
for forming transistor gates (shown schematically in Figures 1A-C) is shallow
trench isolation (STI). Referring first to Figure 1A, a typical STI process
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material at the sharp corners 63 by exposing the semiconductor substrate 10 to a
high temperature environment (e.g., about 1050°C). The oxidized material is
then removed (for example, with an etchant) to blunt the comers. One
drawback with this approach is that the curvature that can be achieved with a

20  high temperatare process may be limited. Another drawback is that the high
temperature can damage portions or components of the semiconductor substrate. 7
Still another drawback is that the high-temperature process can be expensive,
which can increase the cost of the products formed from the semiconductor
substrate.

25 . One conventional technique for removing bulk conductive
material from semiconductor substrates includes applying an alternating current
to a conductive layer via an intermediate electrolyte to remove portions of the
layer. In one arrangement, shown in Figure 2A, a conventional apparatus 60
includes a first electrode 20a and a second electrode 20b coupled to a current

30 source 21. The first electrode 20a is attached directly to a metallic layer 11a of
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15 the electrolyte 31 from contacting the substrate 10 in this region. Alternatively,

if the first electrode 20a contacts the electrolyte in this region, the electrolytic
process can degrade the first electrode 20a. Still a further drawback is that the
electrolytic process may not uniformly remove material from the substrate 10.
For example, "islands" of residual conductive material having no direct

20  electrical connection to the first electrode 20a may develop in the conductive
layer 11a. The residual conductive material can interfere with the formation
‘and/or operation of the conductive lines, and it may be difficult or impossible to
remove with the electrolytic process umless the first electrode 20a is
repositioned to be coupled to such "islands."

25 One approach to addressing some of the foregoing drawbacks is to
attach a plurality of first electrodes 20a around the periphery of the substrate 10
to increase the uniformity with which the conductive material is removed.
However, islands of conductive material may still remain despite the additional
first electrodes 20a. Another approach is to form the electrodes 20a and 20b

30 from an inert material, such as carbon, and remove the barrier 22 1o increase the
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SUMMARY

15 The present invention is directed toward microelectronic
substrates that include conductive materials having recesses with rounded
corners, and methods for forming such microelectronic substrates. A method in
accordance with one aspect of the invention includes disposing an electrolytic
fluid adjacent to a conductive material of the microelectronic substrate. The

20 conductive material has a first surface in a first plane and a recess in the first
surface, with the recess being bounded by a second surface in a second plane.
The conductive material further has a corner between the first and second
surfaces. The method can further include removing at least part of the
conductive material from the corner by positioning first and second electrodes

25 in fluid communication with the electrolytic fluid, and coupling at least one of
the electrodes to a source of electrical potential. Removing the conductive
material from the comer can be self-limiting, with the rate at which the

conductive material is removed decreasing as the corner is rounded.
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15 1into the conductive material. The recess defines a corner at least proximate to
an interface between the conductive material and the generally non-conductive
material. The process can further include removing at least part of the
conductive material from the corner to at least partially blunt the corner.

In another aspect of the invention, the microelectronic substrate

20  can be formed by a process that includes disposing an electrolytic fluid adjacent
to a conductive material of a microelectronic substrate, with the conductive -
material having a first surface in a first plan and a recess in the first surface.
The recess can be bounded by a second surface in a second plane, with the
conductive material having a comer between the first and second surfaces. The

25 process can further include removing at least part of the conductive material
from the comner by positioning first and second electrodes in fluid
communication with the electrolytic fluid, and coupling at least one of the

electrodes to a source of electrical potential.

o
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apparatus for removing conductive material and sensing characteristics of the
microelectronic substrate from which the material is removed in accordance
15  with another embodiment of the invention. '

Figure 5 is a partially schematic, side elevational view of an
apparatus that includes two electrolytes in accordance with still another
embodiment of the invention.

Figure 6 is a partially schematic, plan view of a substrate adjacent

20  to a plurality of electrodes in accordance with still further embodiments of the
invention.

Figure 7 is a cross-sectional side elevational view of an electrode
and a substrate in accordance with yet another embodiment of the invention.

Figure 8A is a partially schematic, isometric view of a portion of a

25  support for housing electrode pairs in accordance with still another embodiment
of the invention.

Figures 8B-8C are isometric views of electrodes in accordance

with still further embodiments of the mvention.
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The present disclosure describes methods and apparatuses for
removing conductive materials from a microelectronic substrate and/or substrate
assembly used in the fabrication of microelectronic devices. Many specific

15 details of certain embodiments of the invention are set forth in the following
description and in Figures 3-11 to provide a thorough understanding of these
embodiments. One skilled in the art, however, will understand that the present
mvention may have additional embodiments, or that the invention may be
practiced without several of the details described below.

20 Figures 3-9B and the associated discussion refer generally to-
devices for removing conductive material from microelectronic substrates in
accordance with embodiments of the invention. Figures 10A-11 and the
associated discussion refer generally to techniques for rounding or blunting
corners of conductive materials using, for example, apparatuses of the type

25 described with reference to Figures 3-9B. As used herein, the term conductive
materials includes, but is not limited to, metals, such as copper, platinum and
aluminum, and semiconductor materials, such as doped silicon and/or

polysilicon. The term microelectronic substrate refers generally to substrates
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surfaces liguidaosgslsort menber 140 supports the microel ectronic substrate

110 relative to the ssel 130 so .tha 0 tive lLayer 141 at | east
15 one of the face siﬁ?d@&oifﬁéﬁmﬁlﬂi’s&ﬂ%ﬁ?@ _Sl%e@%%tsé{]??%eﬁﬁ& fnd
el ectrol ytgod $lce smﬁc&orﬂ@?’.ﬁAVﬁl Yiefetdber CRID SREPOLEE tHE hibfoebdtons
pl ati num tungsten, tantalum ¢ , copper, or other conductive naterials.
| n anot hersispats 100 rélhtiee to the vessel 130 so that a conductive layer 111 on at least

15 one of the face surfaces 113 of the substrate 110 contacts the electrolyte 131.

The conductive layer 111 can include metals such as platinum, tungsten,

tantatum, gold, copper, or other conductive materials. In another aspect of this
embodiment, the support member 140 is coupled to a substrate drive unit 141
that moves the support member 140 and the substrate 110 relative to the vessel
20 130. For example, the substrate drive unit 141 cao translate the support
member 140 (as indicated by arrow "4") and/or rotate the support member 140
(as indicated by arrow "B").
The apparatus 160 can further include a first electrode 120a and a
second electrode 120b (referred to collectively as electrodes 120) supported
25  relative to the microelectronic substrate 110 by a support member 124. In one
aspect of this embodiment, the support arm 124 is coupled to an electrode drive
unit 123 for moving the electrodes 120 relative to the microelectronic substrate
110. For example, the electrode drive unit 123 can move the electrodes toward
and away from the conductive layer 111 of the microelectronic substrate 110,

30 (as indicated by arrow "C"), and/or transversely (as indicated by arrow "D") in



enbodi ment, the support nenber 140 is coupled to a substrate dr| '
t hat noves the support nenber 140 and the substrate 110 rel atﬁﬁégwaﬁﬁs

vessel 20 n%moli%z exanpl e, the substrate drive unit 141 cg transl ate t he
support rmenpber 140 (as indicated by arrow "A") and/ or rot at¥ port
menber 140 (as indicated by arrow "B') The apparatus 160 can further
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123 for noving the el ectrodes 120 relative to the mcroelectronicC su strate
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el ectrode dhewiectnodes1230 cae doupled be £kanenodesrcen1®t Rerth flegdd ang. &+ the
el ectrode drive unit 123 _can be elim nated when the substrate drive unit
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15  the entire conductive layer 111.
In one aspect of an embodiment of the apparatus 160 shown in
| Figure 3, a distance D, between the electrodes 120 and the conductive layer 111
1s set to be smaller than a distance D, between the first electrode 120a and the
second electrode 120b. Furthermore, the electrolyte 131 generally has a higher
20  resistance than the conductive layer 111. Accordingly, the alternating current
follows the path of least resistance from the first electrode 120a, through the
electrolyte 131 to the conductive layer 111 and back through the electrolyte 131
to the second electrode 120b, rather than from the first electrode 120a directly
through the electrolyte 131 to the second electrode 120b. Alternatively, a low
25 dielectn'c material (not shown) can be positioned between the first electrode
120a and the second electrode 120b to decouple direct electrical communication
between the electrodes 120 that does not first pass through the conductive layer

111.

One feature of an embodiment of the apparatus 160 shown in
30 Figure 3 is-that the electrodes 120 do not contact the conductive layer 111 of



15 the entire conductive layer 111. In one aspect of an enbo

apparatus 160 shown in Figure 3, a distance D between the %lﬁﬂ&@@héﬁﬁ%&%
and the qppdsodisse layer 1 1 1 is set to be smaller than ggEishasee D2
between the first el ectrode 120a and the second el ectrode 120b

Fur t her nor el e ol engral |y h 5| st t han
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path of ?és} Sbéﬁ of TRAPLHAe rhhilfihg eﬁ%ﬁier&Ié&O%IecWélugbnﬁélﬁlon

el ectrolyte to the conductive Iayer 111 and back through the

el ectrol yt betkdden the dlbetredsol midtte curlutfiOb layat her, debambdd abovdrerithi r st

el ectrode 120a direcf]y throu h the el ectiqoe%te 131 to the second
el ectrode lefélfﬁﬂcﬂ\lﬁoeﬂgé??ﬁ/él@yn & | BQr sxagp £ ANPAEHLE O ch SLDYRBGRN) can

b | d
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120 that deRretradés hhiShe %ﬁ&uéﬁ\?&o r beeaweniiecélerRod @y 820 dbldot ERfadieat ure

of an enbodi nent of the apparatus 160 shown in 30 Figure 3 is -that the
el ect r odesthi2@mdimchive lgpmtlddt the conductive |layer 111 of 9 21 DECEMBER

S anaeront i that (ATGHE (oafe i GHBOTRGEE gidhe aBRuatls 1o Afsained
resul ting Lrom &if) e‘f&%n@lﬁqﬁﬁ‘i%ﬁscrl beg@ﬁgﬂ %sﬁ@%w (s @e&ake 120

and t he conduc |ve ayer ove erence to Igures 1

and 2. id-or 128 aanl ovt elatipp ao ahe Dth&Otocpositibn rthaaeﬂmﬁ)deeslzmaﬂ anypaiet i ve
mat eri al adjacent to the contact region between the el ectrodes and the
conduct i veadﬁyémt tiocthgeon ﬂﬁ@‘@ei@’@[r desAnadvastagstofdBis arsangemant g lrtct i ve

| ayer 111 r e an e | ment.. of ratus 160 des I bed
wbove it htirerEhdes 3o g e SonRBRARY Ftirdtied ARARRI "y R3HOR

el ect rodesmeleoﬂcﬁ&tﬁmawﬁ) FQhatd YatbRall fEnPHRCENR HRfRIuCHPS 1&;&?& 11,

el ectrodes 120 at any pdint adjacent to the conductive |ayer

advant age Aflterimitivedy,r svipaments idesirhdtto remove only selected portlons of the
15 conductive layer 111, the electrodes 120 can be moved to those selected

portions, leaving the remaining portions of the conductive layer 111 intact.
Figure 4 is a partially schematic, side elevational view of an
apparatus 260 that includes a support member 240 positioned to support the
substrate 110 in accordance with another embodiment of the invention. In one
20  aspect of this embodiment, the support member 240 supports the substrate 110
with the conductive layer 111 facing upwardly. A substrate drive unit 241 can
move the support member 240 and the substrate 110, as described above with
reference to Figure 3. First and second electrodes 220a and 220b are positioned
above the conductive layer 111 and are coupled to a current source 221. A
25  support member 224 supports the electrodes 220 relative to the substrate 110
and is coupled to an electrode drive unit 223 to move the electrodes 220 over
the surface of the support conductive layer 111 in a manner generally similar to
that described above with reference to Figure 3.
In one aspect of the embodiment shown in Figure 4, the apparatus
30 260 further includes an electrolyte vessel 230 having a supply conduit 237 with
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the el ectrodes 120 can be sequentially positioned adjacent t [
of the conductive layer to renove material fromthe entire ?&%@#P&éhﬁﬂs

| ayer 11lwo MiREpatively, when it is desired to renove on | ect ed
portions of the 15 conductive layer 111, the el ectrodes 12%¥3§7%0%594%ved to

those selected portions, |eaving the remaining portions of the conductive
layer 1 |1 iamtaparture 3gupesitioned prowimateto the chetmides 2261 ddcebrlinglyonaal

Support  ne R Sab OF disisildamly i ER Tassiee Aeiopothhbsticon e
Suppor 5.t nereatiaes SHPEREe Eondibis e Rt T Fov b I nedB0REl, AeRRR e,

substrate dentiee condud@ie lager 1hbyeThé elctupbete t2316 e the 48ndncivd aial trate
110, as descri bed, gbove with, reference tqg Figure 3. First and secon

el ectrodes 3908vedhiromdhe sprdustivedpyretl! Howevaribe sohstuatei Mé ami/eollact1 and

ol et rodes. Tgn Rl reBEhAGR 2 Ty BxBe BE koS g p3tand ehkRetive -
el ectrode dmaterialnién F2Fvi HOMRIdiRERr €133 HR AR AR el .of.télﬂs éqﬁdh%fi%e of
t he support conductive layer 111 in a manner generally simTlar to hat

descri bed abwterigli frony Srecelenzelyto 281 guAefiBer 234 gusitasied cdowiistidaen efthei ment
er includes an electrolyte

h in Fi 4, t . 30 0 furt
vessel D30 Hekm ALLpENIAESarienalhluption abimcloralBEAA00 Wpu
03/ 001582 P : idi RE i_mat e -t h
el ect rogogs %g?%%ﬁ%%%?@@ﬁgﬁé&gk&g@?ﬁFm' @3@@%2 gx r@eﬁg e%(f Wg‘a‘i‘l y in
an i nterfacetnagliog2289 between the el ectrodes 220 and the conductive

| ayer 111, wi thout necessarily covering the entire conductive |layer 111.
The el ectrol yte 231 ahd anethasopsnest iafethenembodimentr shawe dinf Figniehé, the

ducti 1 fl th bstr at 10 |lect i
el oct ol yt e T a2PY 545 Miflder & sEHR RSty 1270 (hena “Brepnetn ik i ve
material capoditioned Proxifed &) (R cofdctiP@layef TRY Sind R Sbn&r dddfrof QRAUSSS Ve

15 coupled to the sensor 251 for processing signals generated by the sensor 251.

The control unit 252 can also move the sensor 251 relative to the substrate 110.
In a further aspect of this embodiment, the sensor assembly 250 can be coupled
via a feedback path 253 to the electrode drive unit 223 and/or the substrate drive
unit 241, Accordingly, the sensor 251 can determine which areas of the

20 conductive layer 111 require additional material removal and can move the
clectrodes 220 and/or the substrate 110 relative to each other to position the
electrodes 220 over those areas. Alternatively, (for example, when the removal
process is highly repeatable), the electrodes 220 and/or the substrate 110 can
move relative to each other according to a pre-determined motion schedule.

25 The sensor 251 and the sensor control unit 252 can have any of a
number of suitable configurations. For example, in one embodiment, the sensor
251 can be an optical sensor that detects removal of the conductive layer 111 by
detecting a change in the intensity, wavelength or phase shift of the light
reflected from the substrate 110 when the conductive material is removed.

30  Alternatively, the sensor 251 can emit and detect reflections of radiation having
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material fromthe electrolyte 231. Afilter 234 positioned d

the reclainer 233 provides additional filtration of the el em{}ﬁ@%%@%
and a pugp dhodkd returns the reconditioned el ectrol yte 23%&mhdkobicios

el ectrolyte vessel 230 via a return line 236. In another aspect of the

embodi ment shown in Figure 4, the apparatus 260 can include a sensor
assenbl y 25thérawavielengenfor exBaplep asiayi radeiopr oki stllanotharnembodithentj ve
r control unit . 252 15 coupled to the sensor for

| 111, d 1
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drive wunit 241. Accordingly, the sensor 251 can determ ne which areas of
the 20 Gondewsarv@Silafas wall asedber majenlt rgpavalndunction despubed ahavedan
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the substrate 110 can nove relative to each” other according to a

pr e- det er micoednteiapply 22dresdhk eondactileclagend bl i2%ineved. t he sensor control

unit 252 can have any of a nunber of. suitable configurations. For exanple,
in one enbodi nent, tH8 a@hdr ezsmbeéﬁn%sfa%ssa £ Aboyenwih Tofarengeioct s

renoval, of 4.he cqn t] r by, ..: tJ el
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substrate HimypeaReldEctEslPiiEl ] Wecoicatiafld insthedfiterRie réBiofl 239 Hefviaeal v,
the sensor 251 can emt and detect reflections of radiatron having 11 21

DECEMBER 2(iis elsotaeies 2P9sanddie wsodnratovio bryer hidrl . weesioedigehs , the sccasanypl e,
o2y o SR R kb BB S SR B RS GRS A preasur @
1P ! L S By S REC RO 2 I IO B ot
15 the operation of the sensor 251. For example, when the sensor 251 is an optical
sensor, the electrolyte 231 will be less likely to distort the radiation reflected
from the surface of the substrate 110 because the sensor 251 is positioned away
from the interface region 239.
Another feature of an embodiment of the apparatus 260 described
20  above with reference to Figure 4 is that the electrolyte 231 supplied to the
interface region 239 is continually replenished, either with a reconditioned
electrolyte or a fresh electrolyte. An advantage of this feature is that the
electrochemical reaction between the electrodes 220 and the conductive layer
111 can be maintained at a high and consistent level
25 Figure 5 is a partially schematic, side elevational view of an
apparatus 360 that directs alternating current to the substrate 110 through a first
electrolyte 331a and a second electrolyte 331b. In one aspect of this
embodiment, the first electrolyte 331a is disposed in two first electrolyte vessels
330a, and the second electrolyte 331b is disposed in a second electrolyte vessel

30 330b. The first electrolyte vessels 330a are partially submerged in the second
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5 sensor 251 (as well as the material renpval function descri
elimnating the need for a separate sensor 251. In still furgﬁgﬂzéﬁwﬁl{mos

enbodi man&Vs t/r?t? sensor 251 can detect a change in the voltage and/ or
current dPAW N Sh the current supply 221 as the conducti PETU§)21949611 i s

renoved. In any of the enbodi nents descri bed above with reference to 1o

Figure 4, téleciselytoB32b.1 Terppargios 360 aaadurther induduelebgo8éL320, ARt 231

because the el ectrol yte, 2 is concentrated in _the interface region 239
between t h@ %?’é@teﬁ%‘é&dezﬁ)aa g isecashelgetrode 32ah.ceachicouplecttor alicugent t he

accuracy | {Cih e - d rg pes gh rogress of th

el ectrol yt},\éc rl}\(;)w(;jejssls ah?aﬁé eiﬁr%g%(g\]}gdgﬁgc@@ie tﬁﬁégﬁﬁ%cg:&’}gfeyivﬁssﬁgl%ﬁoﬁl be

| ess | i kel yAlterriativek esge Wift thel 2ldchodepermt | 0 :

exanpl e, when tt?e slgfnsor 251 is an optical b%n@r@?h@@?e@t‘)@éyte 1

wi |l be Sl estiestradasy32Q cansinehuder materseds auclorasr sitveec pladinuiin, ocoppee midéace of

the substratge 110 because .t he sensar 251 i ositioned away, fromthe
interface r¥gfomMaigds SAr‘i‘Hfih@re ?%Sgt @F%ﬁ%’“‘a?ﬁ@%%i AGiude rsodiven sgferideus 260

descri bed SAGH Chbdide " k& ' 4.1 B@ ‘31%1 electrol.yte 231
supplied t the 1nt erfaée&}tpgg?gﬁ%t%%gﬁlkgﬁtg% ?lr?ggb ésr ?&ﬁ? %@if?hﬁet her
wi th a reconih thomeateriallfonhing tht eletrodes 826h el ectrol yte. An advantage of
this feature is that the electrochem cal reaction between the el ectrodes

220 and the conduct i V& 9ugaspect afithissembedisentt the st electzolyteyhessald 330a
i st.ent . . ' : | tiall h ti.c, id | ti |
oF o ofBan 08k 2 Adw Lalidiae a3, SBCK b eoheaiengStalibh ahembeentormedor r at o
110 t hr oughr@mfTefign™elsafbredl YherdRlaidng anksed g‘lidfg,'lgﬁéx‘fé)é}’ts In one
S

aspect of this enbodinent, the first electrolyt I's dis e i %f t wo
first el ectotladrysuatabls perans 1B3@aialsatint tHewsiomertd pse diatk layidefodt bdtwesn

vesol . 3300 G QAN yESeRrIGaAnT the Weoud Slasirolte psist GSVBERUL 06 D
03/001582 'ﬁ@i”aﬂé@?ﬁﬂegé&%nd electrolyte 330b to pass inwardly toward the electrodes
15 320 (for example, in a manner generally similar to a salt bridge). Alternatively,
the first electrolyte 331a can be supplied to the electrode vessels 330a from a
first electrolyte source 339 at a pressure and rate sufficient to direct the first
electrolyte 331a outwardly through the flow restrictor 322 without allowing the
first electrolyte 331a or the second electrolyte 330b to return through the flow
20 restrictor 322. In cither embodiment, the second electrolyte 331b remains
electrically coupled to the electrodes 320 by the flow of the first electrolyte
331a through the restrictor 322.
In one aspect of this embodiment, the apparatus 360 can also
mclude a support member 340 that supports the substrate 110 with the
25 conductive layer 111 facing toward the electrodes 320. For example, the
support member 340 can be positioned in the second electrolyte vessel 330b. In
a further aspect of this embodiment, the support member 340 and/or the
electrodes 320 can bre movable relative to each other by one or more drive units

(not shown).
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el ectrolyte 331b. The apparatus 360 can further include electy
shown as a first electrode 320a and a second el ectrode 320b,213g€ﬁE@§'gEB&905

to a curr, |y 321 and each housed in one of the fir lyte
vessel s ﬁ@é‘?’m(ﬁgﬁ?er natively, one of the el ectrodes 320 ca@%@é@é%‘%ﬁed to

ground. The 5 el ectrodes 320 can include materials such as silver,
pl ati num copper and/@ne featnes ofeareendiosdimant of Hbef apparatus e¥1( desarébesiB1a

can include, sodiumchlorid . pot assi hl.or,i de sul f ate and/or
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i sol ation wigaiffranelecaoiwrd 33 raooan k! less WMkedy nhan ednvedtioniahl destrolitessto
sintered glass, quartz or sagghi re, or other suitable porous materials
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the first electrolyte la can be supplied to the el ectrode vessels 330a
froma fidcoediagly,othet eecomdr ekecBdbytat 33l tproansincdude dydedahlemé faced emt t o
direct the first electrolyte 331la outwardly through the flow {es(tg,ri ctor
322 wi t housnathesvagegt tthat r¢acis peBicseivelyl yHET She cogdustive dawcanblbiadcteol yt e
330b tg ret u‘;g%tthr(i gh the flow 20 restrictor 322. In either enbodi nent,
the secbnd’ at?(}l ?te 331b remains electrically coupled to the el ectrodes
320 by the flow of tfﬁgﬁierﬁtis%'ﬁ@t{)ﬁhmew 8lle: hlicwetdtnionge sebitrdtetigo 322.

In one aspect of this enbodiment, the apparatus 360 can also include a
support nempositiod4d tenasthsuphwality erﬂe@w&srlmvmg sloapeis tandt gamfigmsatiansdiict | ve

| 111 faci t th | d 320 . | e, h t b
32D can' be BCIANE S SG\raals SEUGUBFRS PhIGECilVA000n 3358 PHECSE (Qlr ther
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320 can be novable’relative to e ot her by one or nore drive units (not

shown) .15 13 to the same microelectronic substrate 110; however, in practice, electrodes of

the same type can be positioned relative to a single microelectronic substrate
110.

In one embodiment, electrodes 720a and 720b can be grouped to

form an electrode pair 770a, with each electrode 720a and 720b coupled to an
20  opposite terminal of a current supply 121 (Figure 3). The electrodes 770a and

770b can have an elongated or strip-type shape and can be arranged to extend

parallel to each other over the diameter of the substrate 110. The spacing

between adjacent electrodes of an electrode pair 370a can be selected to direct

the electrical current into the substrate 110, as described above with reference
25 to Figure 3.

In an alternate embodiment, electrodes 720c and 720d can be
grouped to form an electrode pair 770b, and each electrode 720¢ and 720d can
have a wedge or "pie" shape that tapers inwardly toward the center of the
microelectronic substrate 110. In still another embodiment, narrow, strip-type

30 electrodes 720e and 720f can be grouped to form electrode pairs 770c, with
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of the apparatus 360 described above with reference to Fi gu?"@r @E@Mﬁﬁﬁzoos

the first wadendoisd2yt e 331a can be selected to be conpatib ] t he
el ectrodes 320. An advantage of this feature is that the k:é?")ytgsgpégﬁtrol yte

331 b ' h ' | el.ectrol yt to5d de th

ol ot 1 odes 550 Sebliody 22by MR ERlchinG ol pvedadhotom tiscenset s o
i t hout ol t 320 b it i

cher oal |y Sol ot ot ron t e PARERG LI AP, 180 perleadRE: B oo

Accor di ngl ymi¢tieelesgonrmisudistrate bl§/t e 331b can include hydrochloric acid or

anot her agent that reacts aq%g%r essively with the conductive |ayer 111 of the
1o substrate 110. Figtité ﬂéﬁft@ﬂb 1mend awikgle tehectrader 320 chn witend

b i 1 ity of el des havi h
o soart guoter ARokRREN RARSRS Irdh Bt Ml e REnSnt hiiated 10 1ad can
i nvention. Kave pyemisiaslaf plantdmp tRad OThe SR4SF e ﬂid‘gf &L BL &i%'gﬁ%zic%;‘@m .

el ectrodes are shown positioned proXimte is to the sane m

substrate 1®thersclecisede (wothawm) dmying e shapelesrreponidiey ﬁﬁﬁﬁnﬁi’dﬁ:ﬁa?% be
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termnal of a %u@?gmeesuppa@q%ﬂ&?% gﬂ?‘g _Oﬁﬁ%k?@pgépﬁm 117‘7"@5( %fsn@e 770b
can havé amainenydesmtibed wtove pvitly pdferthap &0 Bidiréas-pe arranged to extend.

parall el to each ot h(ca[’lf:' over the dianeter of the substrate 110. The spacing
bet ween adj acent el ectigBed 152 pirtiglly schometipaciosgrectiomb side slevatided t o

direct thes i cal. tj t bst 110 descri bed ab
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720c and 720d can
e electrode 720c has an upper surface 771 and a lower surface 772 opposite

15 the upper surface 771 and facing the conductive layer 111 of the substrate 110.
The lower surface 772 can taper downwardly from the center 113 of the
substrate 110 toward the perimeter 112 of the substrate 110 in one aspect of this
embodiment to give the electrode 720c a wedge-shaped profile. Altemnatively,
the electrode 720¢ can have a plate-type configuration with the lower surface

20 772 positioned as shown in Figure 7 and the upper surface 771 parallel to the
lower surface 772. One feature of either embodiment is that the electrical
coupling between the electrode 720c and the substrate 110 can be stronger
toward the periphery 112 of the substrate 110 than toward the center 113 of the
substrate 110. This feature can be advantageous when the periphery 112 of the

25 substrate 110 moves relative to the electrode 720c at a faster rate than does the
center 113 of the substrate 110, for example, when the substrate 110 rotaies

‘about its center 113. Accordingly, the electrode 720¢ can be shaped to account
for relative motion between the electrode and the substrate 110.
In other embodiments, the electrode 720¢ can have other shapes.
30 For example, the lower surface 772 can have a curved rather than a flat profile.



have a wedge or "pie" shape that tapers inwardly toward the ¢ r he
m croel ectronic substrate 110. In still another enbodi nent, réﬂﬁﬁﬂzﬁm%}uﬂﬂs

strip-typeodomkexrtrodes 720e and 720f can be grouped to fugy§R6ids0de
pairs 770c, with 14 21 DECEMBER 2005 WD 03/ 001582 PCT/ US02/ 19496 each

of “the-m cratrafiveld: ity S0 dledtoha i edbed IRE L refifedc oo Fiame 6
m croel ect ;@inbmeﬁ eRetiodts havifg shapsd bihker ADRAL thke ?ﬁf@gﬂ?ﬂgq%?ggs)?faﬁ%@e

el ectrode 720g can extend 5 Over approxi mately ha
m croel ect aclopeds obsuratdelowd samfhceann $til furdhereembodiondrs, theaéarsdashape.

The el ectrode,720g can be grpuped W t anot her el ectrode (not shown)
havi ng a sﬁé‘bé‘aE(%l‘qlé%rp%hﬂﬂegg}g@tga%FWF ??Fr rq?%@eemqﬁoq hetwseacthe electradeg, and

both el gct Elﬁfbt{ﬁ pled to the current source 121 to provide
alternati ng{?@ﬁ?en ge?ﬁg' m croel ectronic substrate in any of the 10

manners descri bed ab@igure 84 isef paaidR tchemAiy @i%vég'o'f-alfbﬁﬁfrﬁ?g s'uggﬁrt
partially schematic, cross-sectional Side elevational view of a portion of
t he substr4¥2 fro sppportingned phasabity hoft ledeattodes r bl eactaatance ewithi andtlarove

ith ref to Fi 6. In t of I, di t, h
ol ectrode F36BAHREIA HpBieulof ade S Bsurc of fHineRtGRAuFHe dherlecBioges 1 o
15 th 7i j folrTall g 1
substreatjgp%@w{ %ﬁgeﬁ%ﬁcﬁgﬁl}r%%’&%%ﬁ taperéﬂom%ragﬁyeécﬁloﬁit ]@%}clent er

113 of 1¢ hehowsssesstidadrea 1163t teboeiradict HR0Pperri a8deeond Idectfodch@20bbsThat Arsk10 in
one aspect of t enbodi nent to give the electrode 720c a wedge- shaped

profile. Aﬁk@Fﬁaéss ¢203 arc coupled dbraughdhe 2periuses hék & a frshlead §PRa and

confi gur at an_w r.f 772_pasitiqne S i igure 7
and the up{pl)lccaér Sés%t?%lp a%:lgggé(?é’%%%g%%f%ﬁgﬁéﬁeto ?oﬁ%g?ﬁiﬁ?q‘(géggb7gg\3@%8¥ftgﬁt ure

of either Ratodi28anind 328hate thepklastd caak 439 beyf ctrode
720c and the substrate 110 c%n g% st ronger m’é glg/\?aijrlg fgﬁe %.ec‘ré’léﬁd%g lg?f%ﬁof t he

subst r at e paip 4/Ref fissicand sehend electiodes 326 anded20b defines part of a circuit
15 that is completed by the substrate 110 and the electrolyte(s) described above

with reference to Figures 3-5.

In one aspect of this embodiment, the first lead 428a can be offset
from the second lead 428b to reduce the likelihood for short circuits and/or
capacitive coupling between the leads. In a further aspect of this embodiment,

20  the electrode support 473 can have a configuration generally similar to any of
those described above with reference to Figures 1-7. For example, any of the
individual electrodes (e.g., 320a, 320c, 320e, or 320g) described above with
reference to Figure 6 can be replaced with an electrode support 473 having the
same overall shape and including a plurality of apertures 474, each of which

25 houses one of the first electrodes 420z or the second electrodes 420b.

In still a further aspect of this embodiment, the electrode pairs 470
shown in Figure 8A can be arranged in a manner that corresponds to the
proximity between the electrodes 420a, 420b and the microelectronic substrate
110 (Figure 7), and/or the electrode pairs 470 can be arranged to correspond to

30 the rate of relative motion between the electrodes 420a, 420b and the
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substrate 110. This feature can be advantageous when the peri f
the 25 substrate 110 noves relative to the el ectrode 720c at 23%&@%@@905

than doesyld@mecaut er 113 of the substrate 110, for exanple, when the

substrate 110 rotates about its center 113. Accordingly, FPREUSIEWHGde
720c can be shaped to account for relative notion between the el ectrode
and the subdi¢raelectronic sibstraterl I@nbEar rexample.tthe eleetrdododairé2PT) Gan have

Pat her *t narigrs ASRVIRY sBriaiaFad i The BENERRYL 058 afchoondstray ] emrusher 19
£90 ALt et naehialoywhery (N ril e LR BENERC PR S, Brpeler spce (O

Figure 6 (or other electrodes havin apes

Figure 6) caibstrateel1@ is| whettvely High (eee |Fipere Syrfﬁggordﬁﬂglgt ihd hdehhal
enbodi nents, the el ecté;t_odf?z can have other shapes that ‘actount for
rel ativeé ndtOSROBMR flestredechasidy0 samnprovide substareasedlelctrblygity e 8A

orural ity oPRrLdDr e SR TFhHCENANER” udisrasie, B fwet |

i nvention. electenie 42pesid Ok dcbbsd SIRBVIARIIOL 5%0&'%%0%@%{?2?@%% Lﬁ%g can

include a plurality of electrode apertures 474, each 0

ei ther a f ireletivelyeelose degetheminoregionse(sanhl a8l the trepiphed202 offhe dubstrate
res 474 to a first |ead 428a

| ectrod | ed th th t
ond- the. sddOnBirE £F SFhBodbnnte, lose da 8 onductivsalayen L1 dcer Bmirem h- o
th | gad | 0 l,y 421. di.ngly,
cach ot GSRmeE eRboiint e (R doafefi 149h 151 T8 erse s i eloogn s o
a circuit fér tiract electrivaplcouplingbetvaeers s firstt SleddOd@agdol %deih%ﬁe{cﬁ;h}it e(s)
I's

descri bed apove V\aiqq) rgfaer ence_tq Figures 3-5. In one aspect o
enbodi ment S16cHOde;429b.| dnostbaafuther aspeet of thist embodimens,e then amiptinede} 28b t o

el R LU L e R

vary depending on factors such as the spacing between the electrode pair 470

15 and the microelectronic substrate 110, and the relative velocity between the
electrode pair 470 and the microelectronic substrate 110.

Figures 8B and 8C illustrate electrodes 820 (shown as first
electrodes 820a and second electrodes 820b) arranged concentrically in
accordance with still further embodiments of the invention. In one embodiment

20 shown in Figure 8B, the first electrode 820a can be positioned concentrically
around the second electrode 820b, and a dielectric material 829 can be disposed
between the first electrode 820a and the second electrode 820b. The first
electrode 820a can define a complete 360° arc around the second electrode
820b, as shown in Figure 8B, or alternatively, the first electrode 820a can

25  define an arc of less than 360°.

In another embodiment, shown in Figure 8C, the first electrode
820A can be concentrically disposed between two second electrodes 820b, with
the dielectric material 829 disposed between neighboring electrodes 820. In
one aspect of this embodiment, current can be supplied to each of the second

30  electrodes 820b with no phase shifting. Alternatively, the current supplied to
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20 the el ectrode support 473 can have a configuration general] o lar. .t
any of those described above with reference to Figures 1-7. @ﬁ?ﬁé ‘5,2%05
any of t Lbflkyy dual el ectrodes (e.g., 320a, 320c, 320e,

descri be algf’(')'r\r/'dejl vath reference to Figure 6 can be repl acePﬁJ\}Jﬁﬁgg)n%

el ectrode support 473 havi n%gt he sanme overall shape and including a

plurality ©nespeond elestroda 820hxndie phasehshifted melasive to ke onrrentsypplid
| ect r odes, 420 t h 20b. I n sti furt.h t of
Shie emboalhai offer seeREERAHefk 3206° 155 Prctiat thecerabbdilitng SRS ©
arranged i gyReRBAFHLIENAS é?a@hr&g%aﬁadae&@oaéﬂ_%zoargaﬂ i @qtl thfi&ics

el ectrodes 420a, 420b and the m croel ectronic substrate lgure 7),
and/ or t heotlee thamghageaiforsextiniple aamphtder anged to correspond to 30 the rate

f relati ion b h des 420a, 420b and the 16 21 DECEMBER
2005 VB 03/ 001552 PCENSCHBANS A GhAELS-eXEE S20rles etk Bbavemiiorespent to

le, t . heayi | trated in th
peri phor y. TG 41k L BT, 58 44l H eSE L BHSETEI Oyt SERTIBE, e, "

vel oci ty belepRate(sh B20bekbinoHRerfeichSe 4t atbert DeredURiiEd! eFdL Qxbdple, |
relatively high (see Figure 7). Accordingly, the increased 5 concentration
of el ectroﬂ?@é@i

ekctrpde d20apaniedupled tocgroand do shizdd thd sedond elestrates t o
conpensat e r the high rel atiye velocity., Furthernore, the first
el ectrode ﬁ%@é aﬁg& "f‘ﬂg“%%for? seg{rlagagng b g?aqe hewrend: apRiieddp (thg7o can
be rejati tqpﬂ@h—geﬁi o= ToTRoY I~ hg rhaher, f the
subst rgfe M%fgr)a?évmog@e el e%t‘?igdgg’l aretfzolﬁgge ;[2% % e H(%gr{%%%t iaégﬂ]i]a(%; r 111
(see Fi gureonfyollél.because the close proximty to the conductive |ayer 111
reduces the likelihogd for direct, electrical coupli n% bet ween the first
el ectrode 420a and t FeSWaCONdS @Iseberale iyl rapsessnfations of womeeof dbpect of
t hi s enbodj e e Lju : Of- f shgape ;suppl i ed
to differeh @#’%‘%‘?‘EOQ%%B%’FPSQQ“/‘EF fg{gﬁgq@gé\rémgé]eg{e)ngf g&gr#z??c:to §IH% as the

spaci ng beisheainticallyelre ®igmdeonaithe Adilirdit iffcé B2 IMiSIRAPRA E®the Frypstrate

110, and the relative velocity bet ween t he
15 electrode 520a and the second electrode 520b with leads 528a and 528b

respectively. The electrodes 520a and 520b are coupled to the microelectronic

substrate 110 with the electrolyte 531 in an arrangement that can be represented

schematically by two sets of parallel capacitors and resistors. A third capacitor

and resistor schematically indicate that the microelectronic substrate 110
20 "floats" relative to ground or another potential.

In one aspect of an embodiment shown in Figure 9A, the current
source 521 can be coupled to an amplitude modulator 522 that modulates the
signal produced by the cumrent source 521, as is shown in Figure 9B.
Accordingly, the current source 521 can generate a high-frequency wave 904,

25 and the amplitude modulator 522 can superimpose a low-frequency wave 902
on the high-frequency wave 904. For example, the high-frequency wave 904
can include a series of positive or negative voltage spikes contained within a
square wave envelope defined by the low-frequency wave 902. Each spike of
the high-frequency wave 904 can have a relatively steep rise time slope to
30  transfer charge through the dielectric to the electrolyte, and a more gradual fall
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el ectrode pair 470 and the m croel ectronic substrate 110. Figyr
Il1lustrate el ectrodes 820 (shown as first electrodes 820a a?rﬁ @g@ﬁ@?ﬂﬂzﬁ%

el ectrode afranged concentrically in accordance with still further
enbodi rren?\fs&gg&%%% i nvention. In one enbodi nent 20 shown i RCEUSH 488, t he
first electrode 820a can be positioned concentrically around the second
el ectrode 8twie slopa. L he Blktmei dopmean defin@ aStwighttimedias indiedtedugt wagn t he
first el ectrode 820a and Q e second &I ectrode 820b, The first el’'ectrode
820a can de]f{eﬁgegcgé%\[ee? 38D AW Vad e ashindieated byehigh-Feqeencsooiayeas

shown in Fi 8 I Vel thefd ectro 20 an. 25

define an a?gﬂ%f ?gs(gﬂhf ﬁa‘%\ﬁ%&;. e}iﬁs, g‘*&%t'@@é@%&‘?&ﬂﬁegﬁ%‘ﬁmﬁnﬁﬁ dﬂWé 8C,

the first elflrequende w:B20902 annbkaveobtent shapad |dsé§€i1&iﬁg,5‘f§r Qg&@gﬁ? &¥Gps econd
e

el ectrodes 820b, with the dielectric material 829 drspos t ieen
nei ghbor ¥ ngPaTtsagrshasagienstios of the diekegie majeriakind elativoliyteadjacentitoghée can

b i ed t b wi.th h
ohi 11, AFISSEET 420, BETCRPRRITHR & fBESHBIRRG 15 shdloe dhm pizecomos avo
03/ 001- 582 RETEHSAMrAA49 6 DO Ceri6 B0 @elsupsiea82qp, can be phase-shifted

relative to the current supplied to the other second el ectrode 820b. In a

further aspect of theAsnasbantagetof thisarrangement issthppthieddgh dreuencs sipaat
el ectrode 820b, can characteristigcs other than phase, Tor

iffer i.n
exanpl e, anftt Fﬁ%‘.ﬂgf‘%"l’r&&%ﬁf@iﬁl FESY &%@§C@m%§@&m&%We
W th regpecCthelQicrFd : | . t Lrst electrode 820a can
shi el d tﬁﬁe glgclglr%gﬂg?ggﬁlf %ﬁg?@%egggb%f}#%%ﬂlﬁ{@réﬁ%ﬁgg SPPEROR'S sighat ent
sour ces. Focarexaopd ecffedthelyf | poinatt edig oflectBedrntioa Rea@RiP! Bidwken 9fpund to
shield the second el SC”O 820b. An advant i%e of this arrangenent 1s

es _
that the cufleeelytppPileand the pendustivadeyerad &1 wiothe Rniproeledironicasutizerate
el ectrodes ggf %Eopcﬁngw, %n?cﬁ‘%%te%%djﬁ%ﬁ J 8hd&ed above with reference to

Figures 3-8C can include an amplitude modulator in addition to a current

15 source.

Figures 10A-F schematically illustrate a process for forming
features in a microelectronic substrate in accordance with another embodiment
of the invention, using any of the devices described above with reference to
Figures 3-8C. In one aspect of this embodiment, the process can include

20 forming shallow trench isolation (STI) features, and in other embodiments, the
process can include forming other types of features. In any of these
embodiments, the process can include rounding or blunting comers of a
conductive material, as described in greater detail below.

Figure 10A illustrates a portion of a microclectronic substrate

25 1010 having a face surface 1013 with a conductive, partially conductive, and/or
semiconductive material 1011 (veferred to collectively as a conductive material
1011). For example, in oné embodiment, the conductive material 1011 can
include silicon doped with boron or phosphorous. In other embodiments, the
conductive material 1011 can include other conductive or semiconductive

30 materials. In any of these embodiments, the process can further include
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Figure 9A is a schematic circuit representation of sonme of t t
descri bed above with reference to Figures 3-8C. As shown sc%@r&ﬁamﬂi 05
Fi gure 9Ryoh§5esy rent source 521 is coupled to the first g&,gdpabIgde 520a

and the second el'ectrode 520b with | eads 528a and 528b respectively. The

el ectrodes 520a and 520b are coup]led to the m.croelectronic substrate 110
with the elfosmiag gpertyres Mnthgnc Hy@rmwnﬂﬂaﬁlia@%@mabkeé%maoﬂ a

h i cal ). . e f i d ' - i.r d
capacitor - dikigSpid HBaRFhE ot ofRE SnicRheRORSAL Rlabudn  ThEBHE ApBer Of il ¢
substrate Ildfihoditnent! @af Prodess afahVinrchaled ivposing aRNBEHE Tayp&t €014 adn the one

aspect of an enbodi nent shown in Figure 9A, the current 'source 521 can be

coupl ed t o eomduetive materiabtil htapd Ber disposmgoa nitaidedayere1055 gnahe pradeiced
ol om Sebts 301 £5 G PN BaRR b B coltop 00RSE 4 M il
A e TRguio o Q7 nfGBeRUABhITRORGES (xURIHERP ACHRY Fo E nififd Mo

hi gh-frequency waveée r exanpl e, the requency wave can
include a slayere$01F, andshe nvierawleotagnt sutsstatd AR iss@ipossd toanictamtwi thin a
square wave envel ope defined by the | owfrequency wave 902. Each spi ke of
the high-frequency wade Stweain Higare, 108, athe @iGhatt cepn rveseoviei mpaterishbe t o

oradual 1 alnOU ST beiiBihe 5tng) TBLT 1 fidn WEurtie g Benef e
The faljy tigg: ekehe GAsugeiid Ritdds 1agoiu15, imﬁ)ugﬁsmbr&ﬁgatl_ﬁﬁlbmm,%d

frequency wave 904, or a curved lin€, as indicated by high equency wave

904a. |n ottheoughrim dippen sufaceh #065 gif-the cquduativevmater@d40ddd Abeordmgly,

f 902 t di f | the 5
ar 11 oul ar B apsHiEs Motk SAEvEL: AP6T Rl Tinsear de the PP
adj acent to‘_}u}&%e 1%'6%%&%%&%'@396%& hg tﬁ@f&fﬁbﬁm&gbe& i s §€vfaﬂ9bﬁ)‘6r4aéxf‘d 110,

and/or the target rate at teri IS to be renove romthe
substrate Itheupper surface 1065.

15 Referring now to Figure 10C, the nitride layer 1015 and the oxide

layer 1014 can be etched away from the comers 1063 before the corners 1063
are rounded or blunted. For example, in one aspect of this embodiment, a
liquid etchant having about 500 parts water to about one part hydrofluoric acid
and about one part hydrochloric acid can etch back the nitride layer 1015 and
20  the oxide layer 1014 at approximately the same rate to expose the upper surface
1065 of the conductive material 1011 near the corners 1063. In a further aspect
of this embodiment, the etching process can be completed at a temperature of
about 60°C. In an alternate embodiment, the step of etching the nitride layer
1015 and the oxide layer 1014 back from the corners 1063 can be eliminated, as
25 d.escribed in greater detail below with reference to Figure 11.

As shown in Figure 10D, the exposed comers 1063 can be
rounded or blunted to form rounded corners 1063a (shown in Figure 10D in
broken lines). For example, in one aspect of this embodiment, an electrolytic
fluid 1031 can be disposed adjacent to the comers 1063 and placed in fluid

30 communication with a first electrode 1020a and a second electrode 1020b

20



An advantage of this arrangenent is that the high frequency s
transmt the required electrical energy fromthe el ectrodes ?ﬂ%ﬁéﬁ&@gl}ms
to 1o theydhsseectronic substrate 110, while the |ow freguenc

superi nposed signal can nore effectively pronote the el ect POENEM/ 4P
reaction between th electrolyte 531 and the conductive |ayer 111 of the

m croel ect r §RP e“é:l}‘[ﬁi‘ir @red 119, aacelectirdes y1020y ofn tfaetherbaspient rafs this
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i n accordance wi th another enbodi ment of the invention, using any %t he
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(" enoedh g e e oA L ode 20 1R Sral el TR Ch
o ocoss can et 48 df blfcHRREObukER UOSe, I aShnler HORGENHRRGL Tl o'
as descri bedesaritgderione with atferdimkdo Fifings 3e9B 0 A ddokdiapha b tAc AUt ©f a

m cr oel ectronj.c sybstr at 25 1010 having a face surface 1013 wth a
conduct i ve, Viarieng e ¢ylovp ong ot the glestrodes 40206 thongh\vihe redecdrdlpic fhdd

one. onbodi magt L 1 A Sohfiale e RoraRaE e BoiRhdtys peiel ab theiqarean Whged
Wi th boi®n The Riadiabar Qittont lodn aRel ﬂﬁB@%ﬂH@EﬁrﬁhaﬁQ@ %ﬁgng&féi Vgn@'ﬁharé' al

1011 can include other conductive or sem conductive eria ny of

these enbodthrengls the kiscpobiss Suichd03 Lirto Ithe oitinr eldetrdde 2020FCRMRRTR0AP VO

03/ 001582 P /U%8ﬁ1194%6 1i)r m)ela pertures in the conductive material 1011,

for exanpl eSeFHICa] GHGME. Jlhcyp rnaterial af the cgpenfed can begsmayeddnyi

feature. | ncpag; t Qi #RR J‘IB'R o) r sg can inhgl ude

di sposi ng an ongféIﬁI?%g/aer O?O%fﬁl. on t%g o fhilf B" A the Wundt EGers
1063a.

15 In one aspect of this embodiment, electrical current can be

mtroduced into the electrolytic fluid 1031 at a rate of from about one to about
500mA/cm” (and in a particular embodiment, abbut 50 mA/cm?), a frequency of
about 60 Hz, and a voltage of about 15 Vi, Altematively, the electrical
current can have other characteristics. In any of these embodiments, the
20 composition of the electrolytic fluid 1031 can be the same as the composition of
the etchant used to etch back the oxide layer 1014 and the nitride layer 1015. In
a further aspect of this embodiment, the constituents of the electrolytic fluid
1031 can be selected to reduce or eliminate etching at the sidewalls 1064 of the
apertures 1060. For example, when the conductive material 1011 includes
25 silicon, hydrochloric acid in the electrolytic fluid 1031 can reduce the pH of the
flud to at least reduce etching at the sidewalls 1064. Accordingly, the
electrolytic fluid 1031 can be (a) sufficiently conductive to conduct electrical
current to the corners 1063 to oxidize conductive material at the corners 1063,
(b) sufficiently reactive to remove oxidized material from the corners 1063, and

30 (c) not so reactive as to remove un-oxidized material from the sidewalls 1064 of
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conductive material 1011, and then disposing a nitride |ayer
oxide 5 layer 1014. A mask 1016 havi ng openi ngs 1017 correspoﬁ%ﬁ&%ﬁﬁ@oos
desired | @Qeshiqgy of the nmicroelectronic features is positi@pgshadigcent to

the nitride [ayer 1015, and the mcroel ectronic substrate 101%) I S exposed
to an etchant. As shown in Figure 10B, the etchant can renove nateri al

posi ti oned therapattire A860peMitergativalysethene ghyaod san ther addedowcthe relentdytic

io th t th the nitrigde l. 1015, . t th id
ayer - to1a HudafonT ShgRante i Efcbint rilecot BE-SEoR iR dPRYe Mot al ¢
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transverse to the upper surface 1065, corners 106 e junction
bet ween t hecomtiodehalrate 4D Gktana rettovalippéhe sidetvalle 10685 whike Sl etiviavige now
to Figure I10C, the nitride layer 1015 and the oxide |ayer 1014 can be
et ched Awaymateaigl dlap SIS Ebb‘?)?f‘ém?‘ff‘gs é&ﬁwseﬁo@%mare rounded or

bl unted. For exanpl e, i f_ thi ' | . gui ant
havi ng about 500 partgi%€@$%%6% %@%ﬁ@ﬁ%@ﬁ%ﬁ%“ﬁ%& Sg}r?ggabout
one part hygyrBh@wnCird Eighreanobt sftelb &K chfiferd i 10630 Figawe 1009 1Bavinteg® t he
oxi de layer 1014 at approximately the sane rate to expose thé upper surface
1065 of t heovndedite iformthe dlunted totkernd@b3a.hén voserspedfonBthis ambrotiimenter

t f thi nmbodi t. th hi b | et ed, at
F eper at ur dBfCTOSHBERIE SHERC -t PRt 16130 A ACATHNG ' SPRISSHRaEREhi ng
the nithi de;l Q& arcl Ofp Q{Egéntﬂlf’odiﬁi fes 'tﬂe/%iur&QégoP@&F 1@'5?5‘6&391{1\@ ge 1063
can be eli mna ed, as g escri De(? | ﬁ great er et al elow Wt rer erence

to Figure Ihapés Hbawp ofnhésegunbodifiients, hiee blumdad domery 0634 @&Srovadeber
rounded or blunted to formrounded corners 1063a (shown in Figure 10D in
br oken | i ndeys strap thamthe sharp gomess 4Qp2 shown 1 Kiguredi®ddi nent , an

electrolytic fluid 1031 ¢ e, di. spo } AC . corners 10 and
placed in fluid 30 co A g]aquibSPIOW?t%sgé%f ?’%gfe %sﬁﬁogggi(fgﬁ%osgﬁdmaﬁeecond
el ectrode 1{20Rr<01840 RECNBER RRWaIL (H00T882sates can then be formed by

15  disposing a conventional gate material 1067 on the gate oxide 1066 within the

apertures 1060.

One feature of an embodiment of the process described above
with reference to Figures 10A-F is that the imtially sharp comers 1063 formed
at the junction between the sidewalls 1064 and the upper surface 1065 of the

20 conductive material 1011 can be blunted or rounded without elevating the
temperature of microelectronic substrate 1110 significantly above room
temperature. Accordingly, the blunted corners 1063a can be less likely to emit
electromagnetic signals during operation of the microelectronic substrate 1010,
which can create interference with other features of the microelectronic

25 substrate 1010, Additionally, the microelectronic substrate can be Iess
expensive to manufacture and more reliable as a result of spending less time in
a high temp erature environment.

Another feature of an embodiment of the process described above
with reference to Figures 10A-F is that the process can be self-limiting. For

30 example, as conductive material 1011 at the corners 1063 oxidizes and etches
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PCT/ US02/ 19496 (collectively referred to as el ectrodes 1020) .,.I
aspect of this enbodinent, the el ectrodes 1020 can be space&lalg%{:ﬁwlgﬁ%mos

t he Hicroal(p&tﬂ[og Lc substrate 1010 by a di stance of from about one
mllimeter to abolt two millineters. In other enbodi ment sSPCHRSL/Wh¥ci ng
can have other values. At least 5 one of the el ectrodes 1020 can be coupl ed
to a sour ceavfypltbetodroels poéRriccaine bhmedt asd dossalikefnas i fGaGUETRRical
source, in a nmanner general| imlar to that described above with
reference t SUMEBLAmE e papidbe than; albescondustive pardacesunfbnid comithimication t o

flow fromo f r 1020 hathe el ectrolytic flpuid 1031
to the corngvrquf]a%gaf:gﬁgﬁsdﬁggé‘t h%@gﬁ@{}é’fﬁ\,@enﬁ{o&pmmy liq{en‘é%fﬁ@rge 1063.
1o The el echiidmired 4§ CRRELCAtheeMAterid iaHeValtfiBc&RBgduUct i ve material 1011
and back through the electrolytic fluid 10317to the other electrode 1020

to conpl®te an el ect Higue 1 risud partiflly ecdicnatid ilestentioal ofita presO FHEr

1063 can be_re ved_E% chem cal . nteracti%n w.th the electrolytic fluid to

form the rolRHILE gF Bivasing eondctive oOmcH of Amisoclsetippicesubsiatsi KbHL in

el ectrical ' [N h r lc fluid 31 at a
SR DR MRG0 Iy DY shish

rate of from about one to a I'n-a par ment ,

about 50 mA¢mb@liimentf r hguenicyoséctratioutulfifratiz, 1 8100 @arv OlnbRER FonakQiNe 15
V., Alternatively, the electrical current can have ot her characteristics-

In any of tWakaierddddi apwiade layer 2614 meos nitrida lagrert Hd Sedreartped| gaterallyt ui d
1031 cap, be: t s the ositign.of. the.etchant used_{o etch back
t he oxi lc;be I]zlilyg-r?e ?@"{Tﬁ %ﬁﬂﬁ?ﬁégﬁﬂﬁ ﬁﬁ%"q%ﬁfle?b%l@(lﬁﬁ ﬁf.’taereéwpu?ot FegurgsHaB:  of

t hi s enbodi ABBHurdshEel gip ' t {]ﬁﬁ; t1i1G 5| 1M 0 be.
sel ected toK?edugtg_or elafctmbfr?gt&gtt%rtdg%ihntgegtﬁt eI i%el\}gﬁléslwlgl&a’blﬁ%tlﬁg&
apertures 106t amdintexthepmoadusirenmiateriat didig tisvdn tmeanihel gdRidlly sehilgles 25
silicon, hydr&gghori %&ggi din the Iectrola%(.tic fluid 1031 can reduce the pH
of the fl iodhabdsscrihedsabaueqiiih Teterehtegokicnrr 19Bdchbg pRerwEe 1160 can
Accor di ngl h t i i ( uff i ci ent |

conduct i ve)&%%vtec%ﬁglﬁégge{@g {rhlagaff) hﬂcsgilra#gﬁg’ r%ggtlﬁgac‘%%lﬁ%r 9 BXCJ)Ji@i ze
conductisve imtdregdt ah wipet barfasy Dm$oﬂﬂﬁ?condﬁbﬁv§ﬂfafdg€dlqmlhy reactive to

renove oxi dized material fromthe corners 1063, an

In a further aspect of this embodiment, a first electrode 1120a and
a second electrode 1120b can be positioned in fluid communication with an
electrolyte 1131 disposed on the microelectronic substrate 1110 to round the
initially sharp comers 1163 without first etching back the oxide layer 1114 and
20  the nitride layer 1115 from the corners 1163. Accordingly, the oxide layer 1114
and the nitride layer 1115 can initially overhang the rounded corners 1163a, at
least until the oxide layer 1114 and the nitride layer 1115 are removed from the
‘microelectronic substrate 1110.' An advantage of this process is that it can

eliminate the step described above with reference to Figure 10C.
25 From the foregoing, it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes of
illustration, various modifications may be made without deviating from the

spirit and scope of the invention. For example, the foregoing processes can be
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30 (c) not so reactive as to renove un-oxidi zed materi al frog%gﬁﬁ iégg l1ls
1064 of 21 21 DECEMBER 2005 WO 03/ 001582 PCT/ US02/ 19496 t he GEMBERR00S

Al t er nat iwglpypo8hane gl ycol can be added to the el ectrol ydgysdhlidigd 1031
to reduce the etching rate of the silicon sidewalls 1064. 1n other

enbodi nents, ot her chem cal s_can be_di sed i,n the elecirolytic fluid 1031
to control uqqq]etortfg[@ %“F“W%ﬁ %ﬂ?eéa’qne%gi/%%%glest Iﬁstﬂfcé’pﬁggii’b |tée RUORS MOL st j | |
al | owi ng : rd Fﬂﬁh to be renoved, as discussed
above. Figure gﬁ#@+?€é§%% esrggggéff%%ﬁgT the m croel ectronic substrate
1010 shown in Figure 10D after the corners 1063 (Figure 10D) have been
rounded to formthe blunted coners 1063a. I n one aspect of this enbodi nent,
the cross-sectional shape of the corners 1603a can define an approxi mately
lo circular are. In other enbodinents, the blunted corners 1063a can have
ot her shapes. In any of these enbodi nents, the blunted corners 1063a are
rounder or |ess sharp than the sharp corners 1063 shown in Figure 10D.
Figure 10F shows a gate oxide material 1066 di sposed in the apertures 1060
to coat the sidewalls 1064. The gates can then be formed by 15 disposing a
conventional gate material 1067 on the gate oxide 1066 within the

apertures 1060. One feature of an enbodi nent of the process described above
with reference to Figures 10A-F is that the initially sharp corners 1063
formed at the junction between the sidewalls 1064 and the upper surface
1065 of the 20 conductive material 1011 can be blunted or rounded w thout
elevating the tenperature of mcroelectronic substrate 1110 significantly
above room tenperature. Accordingly, the blunted corners 1063a can be | ess
likely to emit electromagnetic signals during operation of the

m croel ectroni c substrate 1010, which can create interference with other
features of the mcroelectronic 25 substrate 1010. Additionally, the

m croel ectronic substrate can be | ess expensive to manufacture and nore
reliable as a result of spending less time in
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a high tenperature environnment. Another feature of an enbodi

procgss dggcri bed above wth reference to Figures 10A-F is t %E%MR”"S
process can be self-limting. For 30 exanple, as conductive material 1011
at the corners 1063 oxi di zes and etches 22 21 DECEMBER 2005 WD 03/001582
PCT/ US02/ 19496 away, the corners 1063 becone blunter and less likely to
attract electrical <current any nore rapidly than other conductive surfaces
in fluid conmunication wth the electrodes 1020. Accordingly, the process
may not need to be nonitored as cl o§dhimgs other material renoval
processes. s Figure 11 is a partially schematic illustration of a process

for rounding or i conductive corners of a mcroel ectronic substrate
1110 in acg()rdarfg}éqlé%(%cﬂ%ér%?ﬂ%ﬁs'%%'ﬁﬁ?ﬁ?d@”"f Rdbstrateneomarising: one aspect

of this enbitstiosiny , an helottrense! eGld O5d; bshraf iGan 1. Ag) yde
conductive irﬁat@’]teri,al 1111, .arWoxi de Igldygcr:él'l{litg, %aﬁcéj]néﬁ%t' é?i Htaq‘gﬁéjeloflilﬁ
arranged gener al Ijicrglegiranie sybstatantheecondudtivamatesiar h@ﬁdﬂ@ﬂ‘é@sw&&e in

f to Fi es .1160 .are etched through the nitride
| ayer 1115 and ¢ Ao sk pEne ANES RS A I TRy eRe. Berauces benadhander by 11,
al so in a manner agemwend|duyfaskin bafecohl P&, tﬁé%@ﬁ&@ﬁﬂreﬁ@%ﬁ%ﬂ%&%ﬁ%%&ﬁgfg

to Figure 10B. The a'gertures 1160 can have si dewal
coners 1163 wher 8 GOFRELRIMegNdbe Tig@ndisedondausiacesan upper surface 1165 of

t he conduct i [ 1 af! r t. of .this enbodinent,, a
first elect lrﬂégggﬁ?ﬂ%gota{ég?\tdaé% °§é‘§%?{gt‘§{léﬁ§ﬁ g%i@rﬁaii‘%n Jéﬁ GOENPORY PLSHEAIMGN
fluid comuni cat fitsh anict heeond elemtrodeb b ebel $Bacet spaseRo®MtHd Ricroelectroni

m croel ectronic gul?%t rtate 110 fhﬁ?round the initially sharp corners 1f63
without first et BATHEBalRYt K dePNEEIcation, wilhd the elestrolytici deid ayer

L115 110 {he coraningliOiestens 08l ect el A eIy A AN NGy

nitride |layer 1115 can initially overhang

| east until the 834 qRAssigelectrical aeutrarticfronnt at deastayes clddtfody roagRIAE

fromthe conductive material to the other electrode via the electrolytic fluid; and

as the at least part of the conductive material is removed from the corner,
attracting less electrical current to the comer to reduce a rate at which

conductive material is removed from the corner.

2. The method of claim 1 wherein the microelectronic substrate has a face
surface and the recess extends generally fransverse to the face surface, further wherein
removing at least part of the conductive material includes positioning two electrodes to
face toward the face surface, coupling at least one of the electrodes to a source of

electrical potential, and disposing an electrolytic fluid between the face surface and the
electrodes.

3. The methodrof claim 1, further comprising:

emitting electrical signals from an electrode spaced apart from the
microelectronic substrate;

receiving the electrical signals at the corner of the conductive material;
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m croel ectronic substrate 1110. An advantage of this process . I
elimnate the step descri bed above with reference to Figure |@ﬁ§§@‘gﬁm%55

the foregoing, it will be appreciated that, although specific enbodinents
of the invention have been described herein for purposes of illustration,
various nodifications may be nade w thout deviating fromthe spirit and

scope of the invention. For exanple, the foregoing processes can be 23 21
DECEMBER 2005 WO 03/001582 PCT/ US02/ 19496 used to form features other than

STl features,A&cordi y Ha\Y \ ! il Lk t i e
appended cl gf(ﬁr‘fﬁﬁgﬁ 5%9&%@&%@(@%&%2'\/%%%@%1 r?glt'{h%g‘%{ @%Fg?o%%ggﬁbﬁeg
m croel ectroni ¢ elgwdtica tsgnatothyough the contiunpve inmatedal; endctrol ytic fluid
adjacent to a caonductive material of the mcroel ectrqnic substrat t he
conduct i ve FaPEFNAEizgdporighel g sohdielive metetalde Agnanacal dofant, dess
inthe first surface, the recess being bounded by a second surface in a
second pl ane, the conductive material further having a corner between the
first and sdcond Téermathest of daiwilnghenrein thestirspautacs of e condlntiveeaterial

material fraomthe carner.b osi tj.onin first an con |.ectr be
epaced pEFHORHS PrOfiait b fRerpll Rentonsbb i BRleBET R, Bedierlaintt: Mon
Wi th t henglefle’ Phaterial foditidnafdbef@ed ithg bt |steBle0and Oht Idstebstdfogrs to
a source of electrical potential and passing electrical current from at

| east @GlrstsIdest eodewhrrainglemawng édrigast ped efthe icandeelivenaalendr fremeths ode
via th ctrol ytic L Lh 1e t i _
mat er i %Pﬁ%e? ﬁrl;ec(r?r%‘\y/%gd @%énq'r?%eg@gqﬁw é ?naaf}%rrkjjalct%?I ESBEQS\SA}& fgl g@?rﬁ%ﬁ%ﬁ%r}rﬁgﬁt to
t he corcapduttver @ategrala rate at which conductive material is renoved from
t he corner.

5. The method of claim 1, further comprising:

disposing a generally non-conductive layer on the conductive material; and

removing at least part of the non-conductive layer to expose the corner of the

conductive material before removing at least part of the conductive

material from the corner.

6. The method of claim 1, further comprising:

disposing an oxide layer on the conductive material;

disposing a nitride layer on the oxide layer; and

removing at least part of the nitride layer and part of the oxide layer to expose the
corner of the conductive material before removing conductive material

from the corner.

7. The method of claim 1 wherein removing the conductive material includes
oxidizing at least a potion of the conductive material by passing electrical current

through the portion, and exposing the portion to an etchant.

8. The method of claim 1, further comprising selecting the electrolyte to

include water and at least one of hydrochloric acid and hydrofluoric acid.
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2. The nmethod of claim1l wherein the m croel ectronic substrat f
surface and the recess extends generally transverse to the fﬁﬁﬁé}a@gﬁﬁ%os
further wherein renoving at |east part of the conductive material includes
positioning two electrodes to face toward the face surface, coupling at

| east one of the electrodes to a source of electrical potential, and

di sposing an electrolytic fluid between the face surface and the

el ectrodes. 3. The nethod of claim1, further conprising: emtting

el ectrical gi gnahef ﬁ%m@oebmrp%@@mc%@nﬁ? tatfl6 850 pdre of Thé ooabiactiveoni ¢
substrate; receiving the electrical signals at the corner of the conductive

nat er i atate@d idclRdeDPEEMBERIeCBsalosUrgntiintg the qopduttivemateyialiia @ el iem e
material at the corne .passing the ele ,cal signals through the
conduclaLQB%%?g??&D& @#ﬁ@ﬁ%@?? FEH435a %ﬁ’ﬁ@ﬁ?‘%gm on of the conductive
material to a chem cal etchant. 4. The nmethod of claim1l wherein the first

surface of the conductive material is positioned proximate to a generally
non- conduct it0e ndther msthodrof Islaime yérsetn TeMaURg atdeasicear ©f Hhe qonguctive

posi ti oned .bet n the fir surf . : es,
Bnd vhararrar BRERRGtaabe Y ¢ §r SeRuital haRHER0E RRMAT Bpoft B2 VPG
cor ner 4 fd veeFudtioBMAtegiaconducti ve materi al engaged with the generally
non- conductive material. 5. The nethod of claim11, further conprising:

di sposing a generally non-conductive |ayer on the conductive material; and

O o i R LU e e b apsott,

the conducti've ore renoving a e conductive

mat er i ghatbFaMnchriesaidkettingda clihentpassing dfiroughithe tontuctivee mateniglrto siang at
di sposi ng an oxi de | ayer on the conductive material; disposing a nitride
| ayer @PPremeseln®80Eger; and renoving at | east part of the nitride |ayer
and part of the oxide |ayer to expose the

12. The method of claim 1 wherein removing at least part of the conductive
material includes selecting a current passing through the conductive material to be an

alternating current.

13.  The method of claim 1, further comprising selecting the electrolytic fluid to

include water, hydrochloric acid, and hydrofiuoric acid in a ratio of about 500:1:1.

14. The method of claim 1, further comprising selecting the conductive

material to include doped silicon.

15.  The method of claim 1, further comprising selecting at least one of the first

and second electrodes to include at least one of platinum, tantalum and graphite.
16. The method of claim 1, further comprising positioning at least one of the

first and second electrodes a distance of from about one millimeter to about two

millimeters from the microelectronic substrate.
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corner of the conductive material before renoving conductive
the corner. 7. The nethod of claim 1l wherein rem%w ng the coﬁm{:@@iBEﬁ
material includes oxidizing at |least a potion of the conductive materi al
by passing electrical current through the portion, and exposing the
portion to an etchant. 8. The nethod of claim21, further conprising
selecting the electrolyte to include water and at | east one of

hydrochl oric acid and hydrofluoric acid. 26 0 21 DECEMBER 2005 9. The

met hod of CH?' M FHhRERIcR Sr@M Nofudthet edRiprisitg disposihg aroindulating dayer on
mat eri al includes passing electrical current into the conductive materi al

at a r atlls of tHe moesalsfer reneving rassvial oM helq0@ps per square centineter.
10. The method of claim 1l wherein renoving at |east part of the conductive
material includes selecting the source of electrical potential to provide

about 15 VOWBSI MyhetAetHeR Sransine i fuethertempaisingldispddieg medibledtraf mateiatir
wherein renoving at | east part of the conductive material includes

sel ect tingyrecesar rent passing through the conductive material to vary at
approximately 60 Hz. 12. The nmethod of claim 1l wherein renoving at | east
part of the conductive material includes selecting a current passing
through the jgondutiel et ef icklimt ¢ Witeram reihcb‘eingatiIegstcparrte:ﬁtthel@ndmhéve

met hod of claim1, further conprising selecting. the t.rol tIC .l ui
i ncl udenaterisk inchwdesgerveinDca et wigh HE}%FSP%%N%"‘QE‘?V&F i e Pé{?‘? &5 q'é{:"bout

500: 1: 1. 14 Th aim1l, further conprising selecting the
conductci0 @P%ﬂﬂg cf%fnc I{Jde doped silicon. 15. The nethod of claim1,

further corrprl sing selecting at | east one of the first and second

el ectrodes to include at |east one of pl atl t.al.um and phite. 16.
The method @0.cl & method fpriieresing AirSicHf %%5‘?[7’{'? Bﬁtﬂatﬁt C?@Qggm?he of the

first and segand;cl Gl Qdshy RoflhANER L MmdteRdn alas8ntade BbhdictRieenatarial

about two
of the microelectronic substrate;

forming a recess extending through the generally non-conductive material and
into the conductive material, the recess defining a corner at least
proximate to an interface between the conductive material and the
generally non-conductive material;

removing at least part of the conductive material from the corner to at least
partially blunt the corner by exposing the corner to an electrical potential
via an electrolytic fluid; and

as the at least part of the conductive material is removed from the corner,
attracting less electrical current to the corner to reduce a rate at which

conductive material is removed from the corner.

21.  The method of claim 20 wherein removing at least part of the conductive
material includes positioning a first electrode and a second glectrode proximate to and
spaced apart from the microelectronic substrate, coupling at least one of the electrodes
to a source of electrical potential, passing an electrical current from at least one of the
electrodes to the comner to oxidize conductive material at the corner, and exposing

oxidized conductive material at the corner to an etchant.
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mllimeters fromthe mcroelectronic substrate. 27 o 21 DECE %é&g@
The nmethod of claim1, further conprising disposing an i nsul & R&QOS

wal | s of the recess after renoving nmaterial fromthe corner. 18. The net hod
of claim1, further conprising disposing a dielectric material in the
recess. 19. The nethod of claim1 wherein renoving at | east part of the
conductive material includes reducing a rate at which the conductive
material is removed fromthe corner by rounding the corner. 20. A nethod
for processPAg aTlhrbonetﬂoelqifrolthZ(ﬂilfbﬂhelatttmnpﬂsiﬁgri sing: disposing a
general |y non- &onductlve ter:qf ? acent to a conductive material of the
! %hg'ra

mi cr oel ect r SAIEINGuLRIEFHcEl Fighn eBBs LlecdRIi $gaced o @part nBogendieal | y

non- conducti ve r’r%,@,rol ?’éct@h‘ijc sutfﬁt%téhe conductive material, the recess
defining a corner at |east proxinmate to an interface bet ween t he

conduct i ve maivingltharictival sigmaty atl the coomeraafrible cbndectivet miaterial; r enovi ng at
omt r to at | east

| east part of. the conductiyv eria r

partially bPﬁmz'?$@?gﬁ?ﬂe'?a'ﬁf%ﬁo%qwc e re%[e Eaggh%r?oé”%rcb)’lﬁ?éls'”g the
potential via apleh®e sRInatd hrbligh the @HtiREvE Aeatafiall a8t part of the
conductive material is renoved fromthe corner, attracting less electrical

current to EKeoYBgABrodzed padpreofithe soatudlivermateris tu atdheminalt afchant. | s
renoved fromthe corner. 21. The nethod of claim 20 wherein renoving at
| east part of the conductive material includes positioning a first

el ectrode apd, a FaganRdtRidest came 20rAKeRERt ferhevingdat [éQ@tcﬁé'rt%%ﬁé cbhadefvee
m croel ectronic substrate, coupling at |east one of the electrodes to a

sour celTsfteddletrom dae @Uﬂ@htm%{ude@argmqvwgmoen@@w\re dagtesial rengagedowitht theeast

one of géﬂgrgllgln ﬁtéo(?%%%t[vé’gs E:Iiglor ner to oxidi ze conductive material at the
cor ner OXi tonductive material at the corner to an
etchant. 28 0 .
24.  The method of claim 20, further comprising removing at least part of the
non-conductive material to expose the corner of the conductive material before

removing at least part of the conductive material from the corner.

25. The method of claim 20, further comprising:

disposing an oxide layer on the conductive material;

disposing a nitride layer on the oxide layer; and

removing at least part of the nitride layer and part of the oxide layer to expose the
corner of the conductive material before removing at least part of the

conductive material from the corner.

26. The method of claim 20 wherein removing the conductive material
includes oxidizing at least a portion of the conductive material by passing electrical

current through the portion, and exposing the portion to an etchant.

27. The method of claim 20 wherein removing at least part of the conductive
material includes passing electrical current into the conductive material at a rate of

about 100 milliamps.




21 DECEMBER 2005 22. The nethod of claim 20, further conprising. emttin
el ectrical signals froman el ectrode spaced apart fromthe ﬁl%?%ﬁﬁg@é%%ﬂ@s
substrate; receiving the electrical signals at the corner of the conductive
material; oxidizing at |east part of the conductive material at the corner
by passing the electrical signals through the conductive material; and
exposi ng an oxi di zed portion of the conductive material to a chem cal
etchant. 23. The nethod of claim 20 wherein renoving at |east part of the
conductive 28at eflhel méthoa dhelate20ewHensihudavireavicagt pardifahe \condatiid al
engaged with the generally non-conductive materjal. 24. The nethod of
claim ?@ﬁte'f'ﬂﬂr'f‘ﬁ%'ﬁe%cﬂ?ﬁﬂ”giﬂ@W'@ﬁbW"ﬁ@’tdﬂt‘i’I tbgsgonslustivematadal #fom petandiatof ve
mat er i he corner of the conductive material before renoving

at |ea§tb°%§1r?§§?§§ﬂ§ conductive material fromthe corner. 25. The nethod of
claim 20, further conprising: disposing an oxide |ayer on the conductive
mat eri al ; gi spoijhng a nitride | ayer on the oxjde |ayer; and renoving, at

| east part 6P-t hd NRiMeihad philaim Lwharain semeMBg. Igast B9e of ite copeuetiene
cor ner e ' tard EtHeE ' t f

conduct i \}gﬁér]m'tn gl(r&:aglg Cédrs\émﬁe&&%g et E le’%’ : thrlehgaﬂrgedtlﬁig% n&%%gﬁgia?n%;ﬁe%%é%ﬁ\f
renovi agptdxématety@@tizie material includes oxidizing at |east a portion of

t he conductive material by passing electrical current through the portion,
and exposing the portion to an etchant. 27. The nmethod of claim 20 wherein

renovi ng at gheastrnpankbtiRld §h8afRPEhENN ré‘fﬂb@f{nigaét leBst ?Qﬁ%{ﬁﬁé%ﬂgu&t&v&

electrical current into the conductive material Jat a rate o abou

m | | i amaieridanOlugés BEGENBER 2008nL8asdihg thesuighdthef caridaictive Onatehial & he an
renovi ng at .| east B rt of the conductive material includes passing
el ect r PEENAU0EHHEM nt o the conductive material at a potential of

31. The method of claim 20, further comprising selecting the conductive

material to include doped silicon.

32. The method of claim 20, wherein removing at least part of the conductive
material includes positioning first and second electrodes in fluid communication with the
corner, coupling at least one of the electrodes to a source of electrical potential, and
selecting at least one of the first and second electrodes to include at least one of

platinum, tantalum and graphite.

33. The method of claim 20, further comprising disposing an insulating layer

on walls of the aperture after removing material from the corner.

34. The method of claim 20, further comprising forming a transistor gate in the

recess.

35. The method of claim 20 wherein the microelectronic substrate has a face
surface and the recess extends generally transverse to the face surface, further wherein

removing at least part of the conductive material includes positioning two electrodes to
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about 15 volts rnms. 29. The nmethod of claim 20 wherein renovin
part of the conductive material includes passing a current t%g%ﬁéﬁmRm%
conductive material at a frequency of approximately 60 Hz. 30. The net hod
of claim 20 wherein renoving at | east part of the conductive materi al

i ncludes selecting a current passing through the conductive material to be
an alternating current. 31. The nethod of claim 20, further conprising
selecting the conductive material to include doped silicon. 32. The nethod

of cl afaee2@wavdetrel fadeesady @duplingsit lpast opé dfhibeceoledirotiey do adbardeabf
i ncl udes p05|t|on|n first and second electrodes in fluid communi cation

with t RectiicH matentiah gind ApPesindean elesiohdic filuie befveen i kacesufassuand th

el ectrie&@clt tential, and selecting at |east one of the first and second
el ectrodes 161 ncl ude at |east one of pl ati num tantal um and graphite. 33.
The net hod of claim 20, further corrpri sing disposing an insulating | ayer

on wal |l s of _the erture after materi al, fromthe corner he
met hod of ciB& m 2@ math r0f06|ﬁ’ﬁF'| QngﬁTWn?q{Bp%s'FgarﬁQP§Wr agkle "i’thLhF‘F?eE'

recess{nééanQ??m%we#@% H5d BoeRBy WGHAHA théBofiet 1 0el ect roni ¢ substrat e

has a face surface and the recess exten generally transverse to the face
surface, further wherein rempving at |east part of the conductive materi al

i ncl ud t | ectrodes tao 30 0,21 R 2005 .f t d
e face Sunface RS I REPCHSRIE 2 BB HoRG CPUR ARG OB Bl Gour oo o
electrical RadRb! 8h oRBd HyePosh 9 ddhel Widol Widtkridl W dhetiERRIddIdricace

surface and the “electrodes.” 36. The nmethod of claim 20, tfurther conprising
reducing a rate a&tbehéteh nmaterial is renoved fromthe corner by rounding

the corner. 37. A rrgt Q Sor R esosi 158 m croel ectroni c substrate,
conpri si ng: df?iﬂor‘ﬂ']*gg Qﬂ ‘g%'%y@ I 5\?@? 5(?#] dBbed silicon material of the
m croel ectr @fdHing a recess through the nitride layer and the oxide layer and into the
conductive material;
removing a portion of the nitride iayer and the oxide layer proximate to the recess
{0 expose a corner of the conductive material;
disposing an electrolytic fluid adjacent to the corner of the conductive material;
oxidizing at least part of the conductive material at the comer by positioning first
and second electrodes proximate to and spaced apart from the
microelectronic substrate and in fluid communication with the electrolytic
fluid, and coupling at [east one of the electrodes to a source of electrical
potential; and
removing at least part of the oxidized material by exposing the oxidized material
to an etchant; and
reducing a rate at which material is removed from the corner by rounding the
corner to reduce a flow of electrical current from the at least one electrode

to the corner.

38. The method of claim 37, wherein removing a portion of the nitride layer

and the oxide layer proximate to the recess includes removing material from the nitride
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substrate; disposing a nitride |layer on the oxide |ayer; etching a recess
through the nitride | ayer and the oxide |layer and into the CEMABER 2005
material; renoving a portion of the nitride |ayer and the oxide |ayer
proximate to the recess to expose a corner of the conductive material;

di sposing an el ectrolytic fluid adjacent to the corner of the conductive
material; oxidizing at |east part of the conductive material at the corner
by positioning first and second el ectrodes proximate to and spaced apart

from t herer it erfrel eeé badirenvie) materiamem thd bxitid Iemmatnd seddrivaté hith tie
electrolytic fluid, and coupling at | east one of the electrodes to a
sour ce TiEstt rafecapprpxignatelypqudl tafhe serpndd@bi ng at 1 east part of the oxi di zed
mat eri al by exposing the oxidized material to an etchant; and reducing a
rate at which material is renoved fromthe corner by rounding the corner

to reduce a3pbl owTok ekteid otelhim B7, émthdr compiisinatreineaiig thecoxitiedayarded t o
t he corner, 38, The method of c]laim 37, wherein rerr?vi n%)ga_ portion of the
ni t ri déhe aifiige layghwitharbgichant aljen regyiighat leapparh af theceddized cnatgas!.
removing material fromthe nitride 31 0 21 DECEMBER 2005 | ayer at a first
rate and renoving material fromthe oxide |ayer at a second rate, with the
first rate dpproXiheanethodesfuddini 87 wWiersiacenvirat ® pofitbn dhtbemdtridedagdr aricai m

37, further conprising r ving the oxide |ayer and the nitride |ayer with
an et o Hil OISRy @YOF BHOOTHIE 18 NS A8508saE oS SPosnd ape ACATb AHCoN D e
met hod pgfige! & JAdMIRE Ixitd AR NGt tRET dibRAnOhaling B ERdRal aRfipiNhn t he
oxi de layer proximate to the recess Includes disposing an etchant 'adj acent
t o t he appraximetely theesamadast & ehemicht compesitioniafihe klectotyiiarftuidhavi ng a

chemi cal conposition approximately the same as a chem cal conposition of
the electrolytic fluid. 411, A nethod for processing a mcroelectronic

substrate, @qnprissiRehod for processing a microelectronic substrate, comprising:

forming a recess in a conductive material of the microelectronic substrate, the
recess defining a corner at an intersection of the aperture and a plane of
the conductive material;

forming a conductive microelectronic feature in the recess; and

controlling electromagnetic emanations from the conductive microelectronic
feature by rounding the corner defined by the recess, wherein rounding
the corner includes electrically coupling a source of electrical potential to
the corner via an electrolytic fluid to oxidize the conductive material,
removing oxidized material from the corner by exposing the oxidized
material to an etchant, and as the oxidized material is removed from the
corner, attracting less electrical current to the corner to slow a rate at

which material is removed from the corner.

42. The method of claim 41 wherein forming a recess in a conductive material

includes forming a recess in a semiconductor material.

43. The method of claim 41 wherein rounding the corner includes positioning

a first electrode and a second electrode proximate to and spaced apart from the
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formng a recess in a conductive material of the mcroelectranic trate
t he rgcess defining a corner at an intersection of the apert2|}r éﬁgf%ERZODS
pl ane of the conductive material; formng a conductive m croel ectronic
feature in the recess; and controlling el ectromagneti c emanati ons fromthe
conductive mcroelectronic feature by rounding the corner defined by the
recess, wherein rounding the corner includes electrically coupling a
source of electrical potential to the corner via an electrolytic fluid to

oxi di zgnitde|BRAKCEINRrdTB] 86iusing af leaBVONg obthelifirstcamhsecorad efectrodesdo a
corner by exposing the oxidized material to an e”hant ansg as tfh f
oxi di zeduneetefrelattricsl petentiabl Passing: # elesyical curtent frors ah {P3st Q0epTle frgh

current _to the c 0 r : [ j | t he
cor ner aniZecfd ERRIPSHTERGh Bl Biraivic I TR ot o R  ve
mat er i ahatefidichiuthescdoren agd @xpesiegsexidizad semdoctivrcaierighak theacornes o mie

nmet hod of claim 41 wherein rounding the corner includes positioning a
first t@@tode and a second el ectrode proximate to and spaced apart from
the 32 0 21 DECEMBER 2005 m croel ectroni c substrate, coupling at |east one
of the first and second electrodes to a source of electrical potential,
passi ng an eWect Mheahethodr efintlaihr 4 fartheeagmpdsi@gof the first and second

el ectrodes through an e|lectrolytic_fluid to th or ner, oxl.di z
conductive SRttEg aplegticy esﬁéﬁ%r froghdagxp%igpﬁﬁg xistﬁ’lafég c%inaglluclﬁlo\me the
material at the %Eﬂjﬁl?étﬂyrﬁ@suﬁﬁﬁﬁéﬂt- 44. The method of claim4l, further

conprising: emtting electrical signals froman el ectrode spaced apart from
the nicroelrecgiviogitoe signtticaltsignai® abihe eynenel Besindustive :iaiedls at t he

corner of the, conduct,ive materJ al; I i : p fia i
conducti ve r?é‘{cg?lpﬁlgtal?aﬁhgago?#n@}e, B@%@%@F%aﬁ%"@] ‘ %gﬁbgt %@SF oY, igﬁsaﬁlgg the
through the condygddtvealsidmls #roughthexpasidtyeanatexiatizzed portion of the

conductive material to a chem cal etchant, . :
exposing an oxidized portion of the conductive material to a chemical etchant.

45. The method of claim 41 wherein the conductive material is positioned
proximate to a generally non-conductive material, with the generally non-conductive
material positioned between the plane of the conductive material and at least one
electrode, and wherein removing at least part of the conductive material from the comer
includes removing conductive material engaged with the generally non-conductive

material.

46.  The method of claim 41, further comprising:
disposing a non-conductive layer on the conductive material; and
removing at least part of the non-conductive layer to expose the comer of the

conductive material before removing at least part of the conductive

material from the corner.

47. The method of claim 41, further comprising:
disposing an oxide layer on the conductive material;

disposing a nitride layer on the oxide layer; and
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45. The nethod of claim41l wherein the conductive material is _positioned
proxi mate to a generally non-conductive material, wth the g@ﬂé?%CEMBERZOOS
non-conductive material positioned between the plane of the conductive
material and at | east one electrode, and wherein renoving at |east part of
t he conductive material fromthe corner includes renoving conductive

mat eri al engaged wth the generally non-conductive material. 46. The

met hod of claim4l, further conprising: disposing a non-conductive |ayer on

the conduct iré/rﬁo{?ﬁ?@aﬁﬂ@éét pRICoff tRBMYriae |@ferlgrisparpef theodxidé tayerrte eapdse theve
| ayer to expose the corner of the conductive material bef cire re vifngwat
t f

| east part of theotwidekthe sonduetive materignbeioge JeMmaving 2 legplep
claim4l, further _c i S| el j oxi de | ayer on the conductive
Hélqgtwr% %Egéd';al o i EEQP%P y

material; di spo§P € [ayer on € oxide layer; and 33 0 21
DECEMBER 2005 renoving at |east part of the nitride |ayer and part of the

oxi de layer to expose the corner of the conductjve material  befor .
renovi ng at %eastTpWametbﬂdtﬁfe claign dd c tfHTReEOaIRTSING ﬁ‘?i‘?‘?t'r?@ s nC@P.%Uﬁ%Ye The

met hod of, clai m fr .. canpri sing sel ecting the conductive nmateri al
to i nc|fﬁ%f8”8@8 Bé[ép?ldégtr?gesﬁll .. The met hod of claim41, further conprising
di sposing an insulating layer on walls of the recess after rounding the

. 50. Th t hod of claim4]l th npri i f i © .St
gat e 1 1 the 4Eacesaie BEthahe! Mol okbes AP PEPRodeA i SRl BERRGR: ¢’
tsgbtsL;aéﬁwgﬁigﬁ%qgge?%?ﬁ%%na% fheedre&ess extends generally transverse

ace, er wheretn rounding the corner includes
positioning two el ectrodes to face toward the face surface, coupling at

| f th | d ) f el i l, .
i anosi e Cx0.01 ddis MaRecof piaim 4ot conprRiid ERind Bufdlisiitoy g the
el ectrqdeses,

51.  The method of claim 41 wherein the microelectronic substrate has a face
surface and the recess extends generally transverse to the face surface, further wherein
rounding the corner includes positioning two electrodes to face toward the face surface,
coupling at least one of the electrodes to a source of electrical potential, and disposing

an electrolytic fluid between the face surface and the electrodes.

52. A microelectronic substrate formed by a process, comprising:

disposing a generally non-conductive material adjacent to a conductive material
of the microelectronic substrate;

forming a recess extending through the generally non-conductive material and
into the conductive material, the recess defining a corner at least
proximate to an interface between the conductive material and the
generally non-conductive material, and

removing at least part of the conductive material from the corer to at least
partially blunt the corner by exposing the corner to an electrical potential

via an electrolytic fluid.



52. A mcroelectronic substrate fornmed by a process, conprising: disposin
a generally non-conductive material adjacent to a conductive %}g?%eﬁifBﬁBfZ%ﬂs
the m croel ectronic substrate; formng a recess extending through the
general Iy non-conductive material and into the conductive material, the
recess defining a corner at least proximate to an interface between the
conductive material and the generally non-conductive material; and
renoving at |east part of the conductive material fromthe corner to at

| east partisgl |y TiHeUmicrbBRcrohiResUBIratx PO Sldig 5D evinaeinererhoving =tllesdtrparal
potential via an electrolytic fluid. 34 0 21 DECEMBER 2005 53. The

ni cr oeloddhe sandudivesmatarial dicledes rpsitioniRarefist eleriindsgand a secondrieetrods
the Conglbitare JBhAdBked UHIIRSMARE MU Adrdhid LUBLARCEOLANR ANEat RFONd
el ectrodé” proximate to and spaced apar romthe mcroelectronic |

subst r aif ¢he efmghodng tata $aase ob méectidal tjoterdlat qassites ah @lectdcalrauerentt from at

el ectrical potenptial assi n electrical,,current fromat. | t one of
the. el deastaigsof e mleckonins o Bo s o RHiRG covHalpaPriiabal fhe Bfhter
and exppgy o%?ﬂg%ﬁ@ﬁe&%%%ﬁ#rrﬁ?érﬁd b@thedéorhBR 1 ah R&hdr@. an etchant. 54.
The m croelectronic substrate of claim52 wherein the process further

conprises: emtting electrical signals froman el ectrode spaced apart from

e 1 oe ke e RUBAAE i LSRRIy i P5h R, Tptss e

conduct(joy,ﬁjr[g@geri al at the corner by passing the electrical signals
t hrough the conductive material; and exposing an oxidized portion of the
conduct i ve remitingal elegstricathsignads  drosmamn. glsctrgde dpaced| ezparbniiom  the

substrate of cl akﬂ%ﬁt}ﬁ%&%ﬁ'&?ﬂé{@‘é' ng at least part of the conductive

material fromth enovi ng conductive material engaged
with the gengtaiVing theRisancklcignss aatrer daxher Sthe uadoictive alagetialpni ¢
substrate of claimb52 wherein the process further ,
oxidizing at least part of the conductive material at the corner by passing the
electrical signals through the conductive material; and

exposing an oxidized portion of the conductive material to a chemical etchant.

55,  The microelectronic substrate of claim 52 wherein removing at least part
of the conductive material from the corner includes removing conductive material

engaged with the generally non-conductive material.

56. The microelectronic substrate of claim 52 wherein the process further
comprises removing at least part of the non-conductive material to expose the corner of
the conductive material before removing at least part of the conductive material from the

corner.

57. The microelectronic substrate of claim 52 wherein the process further
comprises:
disposing an oxide layer on the conductive material,

disposing a nitride layer on the oxide layer; and




conprises renoving at |east part of the non-conductive materi_gl
t he corner of thg conducti vg mat eri al before renoving at |e£tD%§Ewﬁ§HQ5
conductive material fromthe corner. 57. The microel ectronic substrate of
claim52 wherein the process further conprises: disposing an oxide |ayer

on the conductive material; disposing a nitride |ayer on the oxide |ayer;
and 35 0 21 DECEMBER 2005 renoving at |east part of the nitride |ayer and
part of the oxide |ayer to expose the corner of the conductive nateri al

bef ore renovémgviah dtdeadt peat of thé rithide layerdinct pare ofrikdecoxidé [dyento eRposotheer .
58. The m croel ectroni c subst rate, of claim52 wherein.re i

. ng th
conducti ve mat er camMarnel e sopduetive mptarial agfore afem*’mg)%?\ééagth@a@o?fdmﬁi ve
mat eri al by pas%ﬁ@uﬁh@%é&e@@l f[r%H{fh%rEorE?f ough the portion, and exposing
chant. ,

the portion to an e e mcroelectronic substrate of claim52
wherein the process further conprises selecting the conductive material to
i ncl ude doped silicon., 60. The micrope) ectronic substrate of claim52

wher ei n rend%i ng THE |"BICEREIGCrOR)E iSHES{S?’tet HY (Fgﬂﬂhcg{zvéfvh?é?@r i EAMQving | thes

oot ‘ . e vert
sel ec 'cBHdlﬁ’ctR)éan%ﬂ%néI’gﬁahq_ﬁs td%cﬁﬂﬁgléthéastcé’gﬁgﬁéﬁ Ve iR BhbALLI mifedd by

alternating current. e mcroel ectroni bstrate of clalm52 wherein
t he pr passisgfeledthieal cucremp throegh dihs podiong aad expeaingttha gortigreto am eteliant  of
the recess after renoving material fromthe corner. 62. The

m croel ectronic substrate of claimb52 wherein the process further

conprises fegn ngpa Higheicti@hidaliBstrite! BE clRHES2 - whdreid MAeNbIcess SGHAENI C
substrate of claim52 wherein renoving at |east part of the conductive

mat er i abmipniskedelectiogithe enndgctiveomstes@l toilel!decidpasksitiewnr d a face surface
of the mcroelectronic substrate, coupling at |east one of the el ectrodes
to a source of electrical potential, and disposing an electrolytic fluid

bet ween t he ghace Thauffi@eelicfénid uBstester eRdim 52 wherein removing at least a
portion of the conductive material includes selecting a current passing through the

conductive material fo be an alternating current.

61. The microelectronic substrate of claim 52 wherein the process further
comprises disposing an insulating layer on walls of the recess after removing material

from the corner.

62. The microelectronic substrate of claim 52 wherein the process further

comprises forming a transistor gate in the recess.

_ 63. The microelectronic substrate of claim 52 wherein removing at least part
of the conductive material includes positioning two electrodes to face toward a face
surface of the microelectronic substrate, coupling at least one of the electrodes to a
source of electrical potential, and disposing an electrolytic fluid between the face

surface and the electrodes.
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36 0 21 DECEMBER 2005 64. A mcroelectronic substrate forned
conprising: disposing an electrolytic fluid adjacent to a coﬁﬁﬁ@@pgéﬁﬁﬁﬁanos
material of the mcroelectronic substrate, the conductive nmaterial having
a first surface in a first plane and a recess in the first surface, the
recess being bounded by a second surface in a second plane, the conductive
material further having a corner between the first and second surfaces;

and renoving at |east part of the conductive material fromthe corner by
posi ti oni ng64f i r & mivrdeleetronid stibstrateoidbased byfa piatessnromprigingon Wi th the
electrolytic flujd and coupling at |east one of the el ectrodes to

of electri CQISPOEB‘LQerﬁW aﬁleCHBJW%QUm AU fBnPc CONFYER eMteridl a0 E“k@ur °
wherein the recegg @éﬁ@d@%uc Qmeé' the! EGRLEYS TndtBridl ﬁé\ﬁﬁ %urr%@lg@gﬁ%e e

m croel ectronic su strate rein renoving at [east part o
conducti ve mat er iadirsi |nlahacwsl eposcetsson|tm@f|tamsue‘laeetti‘!edesess)bem@dmumﬂwdrby t he

face surface of the microe)l ectronic s trat Iln e of

L he el ott rodes 1 8 BN LEtage i Brkeont aiae e P Eety Bmaterif Bt Havio
el ectrolytic fluigtborhet veRNRenhBefiRGiGarRisdme simécteaea@d: ectrodes. 66. The
m croel ectronic substrate of claim®64 wherein the process further

conpri ses: &empvinggatdeast padf the pwanyciveomaigrial e tbaecasnet hy posioningdes

with the electro e p ] . r Qi s fluid
Fecei ving the of S ATRaeEr BRartrddehae Ry MR o M B BRGIp g,

oxi di zi ng at | eaghdpastplig thdegsindnet ofv eheradiestictlesato tehesotpten sf élyscmasl ng
the electrical nal s through the conductive material; and exposing an
oxi di zed portlonp@g'lﬁ@ conductive material to a chemical etchant. 67. The
m croel ectronic substrate of claim®64 wherein the first surface of the
conductive material is positioned proximate to a generally non-conductive
material, webh he gﬁ@@éﬁdtmnrmsubﬁmiecoﬁ chaimabenvatreioshe i eoeds adtevetsn

the fi rgSe%ersalljlryft??zfl:nes\;aerr]éje % a ?acsé sﬁZfage of the microelectronic substrate, and wherein
removing at least part of the conductive material includes positioning two electrodes to
face toward the face surface of the microelectronic substrate, coupling at least one of
the electrodes to a source of electrical potential, and disposing an electroiytic fluid

bhetween the face surface and the electrodes.

66. The microelectronic substrate of claim 64 wherein the process further
comprises:
emitting electrical signals from at least one of the electrodes with the electrode
spaced apart from the microelectronic substrate;
receiving the electrical signals at the corner of the conductive material;
oxidizing at least part of the conductive material at the corner by passing the
electrical signals through the conductive material; and

exposing an oxidized portion of the conductive material to a chemical etchant.

67. The microelectronic substrate of claim 64 wherein the first surface of the
conductive material is positioned proximate to a generally non-conductive material, with

the generally non-conductive material positioned between the first surface and at least
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21 DECEMBER 2005 one of the el ectrodes, and wherein renovin
of the conductive material fromthe corner includes renovi gﬁ%@ﬂ@hp«gﬁﬁes
mat eri al engaged with the generally non- conductive material. 68. The

m croel ectronic substrate of claim64, further conprising: disposing an

oxi de layer on the conductive material; disposing a nitride |ayer on the

oxi de layer; and renoving at |east part of the nitride |ayer and part of

the oxide |ayer to expose the corner of the conductive nmaterial. 69. The

m croe bﬂétdfotﬁbcelédﬁéﬁéﬁt@@Mf@r@inmeﬁﬂomra&lIeastemrﬂaﬁ@he hmnctnmtmhuamateeal
materi al includes oxidizing at |east a\)ootl on f t he g‘ tive erial by
passi n§os) B eerear iNAlHGaEETRRYIBa GRNEUESOMA eggag% o) e Ror PPn to
an etc croel ectronic subst rate of claim 64 wherein renovi ng
at | ea??R&'éCtZ'% m%{é?'ﬁg] conductive material includes selecting a current
passing through the conductive material to be an alternating current. 71.
The m croel ectroni c substrate of EI ai m 64, | Si ng formng a

transistor §8te iTHetRicreglesironie supstratg QJFé“ﬂ"HBHé# gl‘"tﬁ?'b‘c‘: BI'AG
m croel ectr (amp%sﬁﬁﬁacﬁ b&ide: Ia T (jf:tg'l% uclilepostbRg; an electrolytic fluid
erl al o

adj acent to conductive e mcroel ectronic substrate, the
conductive ﬂimp@SIr@ah&mdecj;ay@rhnrthe oxidef layer;iand a first plane and a recess

in the first surface, CESS beJn bound d a se a
second pl anéemPH'é‘gc%r\%%{}tﬁé\Fgoﬁ%?é}'ﬁr’QP EFF%T%G‘”&&%&%%% 2@% ﬂ'le[ he
first and second  gpdraFeRe Caﬁguétﬁ@ﬁhmmat | east part of the conductive
material fromthe corner by positioning first and second electrodes in

fluid conmuni cation with the el ectrol ytlc fluid 38 0 21 DECEMBER 2005 and
coupling at | east_one_of the, el ectr C r

ot ot 31 B8 A TH o BREPEC B o G P B BT ifipune the
conpri YoRbuctive material includes oxidizing at least a potion of the conductive material by

passing electrical current through the portion, and exposing the portion to an etchant.

70. The microelectronic substrate of claim 64 wherein removing at least part
of the conductive material includes selecting a current passing through the conductive

material to be an alternating current.

71. The microelectronic substrate of claim 64, further comprising forming a

transistor gate in the aperture.

72. A method for processing a microelectronic substrate, comprising:

disposing an electrolytic fluid adjacent to a conductive material of the
microelectronic substrate, the conductive material having a first surface in
a first plane and a recess in the first surface, the recess being bounded by
a second surface in a second plane, the conductive material further having
a corner between the first and second surfaces; and

removing at least part of the conductive material from the corner by positioning

first and second electrodes in fluid communication with the electrolytic fluid
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formng a recess in a conductive material of the mcroelectronic_substrate,
the recess defining a corner at an intersection of the apertﬂr]éEgﬁ:MEERm%
pl ane of the conductive material; formng a conductive m croel ectronic
feature in the recess; and controlling el ectromagnetic emanations fromthe
conductive mcroelectronic feature by rounding the corner defined by the
recess, wherein rounding the corner includes electrically coupling a

source of electrical potential to the corner to oxidize the conductive

material, and rempd Beupivigliat ddastreher bRlthd ralectrduesc to nersduycesgiosientyicehe
oxi di zed materi al ttotarll etchant. 39 0
potential.

73. A method for processing a microelectronic substrate, comprising:

forming a recess in a conductive material of the microelectronic substrate, the
recess defining a corner at an intersection of the aperture and a plane of
the conductive material;

forming a conductive microelectronic feature in the recess; and

controlling electromagnetic emanations from the conductive microelectronic
feature by rounding the corner defined by the recess, wherein rounding
the corner includes electrically coupling a source of electrical potential to
the comer to oxidize the conductive material, and removing oxidized

material from the corner by exposing the oxidized material to an etchant.
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