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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



material 11, and a nitride layer 15 is disposed on the oxide |ayer 14. A
mask 16 having mask openings 17 is then positioned over the oxide |ayer
15, and twe 05/0e81 conduct or substrate 10 is etched to formCapsoet/uues 60,
shown in Figure 1B. As shown in Figure 1C, the apertures 60 are coated

wth a gate, 1 %@ H%ﬁgrg%em@%&t&akﬁbéﬁt@rl(ﬂto%nhsaﬂ'z&pféﬁﬁdpﬁﬁieﬂﬁﬁ”t to

the gate oxi ingly, the gate oxide 61 can electrically i"solate
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sem conduct 68 (shmhrmtlﬁguresclﬁldnd EPpdtythe gedges aff tthe apentm@scﬁﬁ)r r €he shap a
conductive layer via an internedi ate el gﬁ(ﬁrg{lﬁ/te to porti {9} of the
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et al |1 5| aygitudeba Ohe cénventional approach to addressing thls drawback is to OX1dIZ€
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 corners. One
drawback with this approach is that the curvature that can be achieved with a

20 high temperature process may be limited. Another drawback is that the high
temperature can damage portions or components of the semiconductor substrate.
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



WO 03/ 001582 PCT/ US02/ 19496 a sem conductor substrate 10 and the second
el ectrode 20b is at least partially imersed in aliquid electrolyte 31
di sposed wp oBhe1ssurface of the nmetallic layer 1 |a by noecagisohe4second
el ectrode downwardly until it contacts the electrolyte 31. A barrier 22
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the first el ectr I n the conductive layer 1lla. The
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can Interfere with the formati on and/or

operation of the condogkidtewbhelesvithathd artangemebesiebvin i Biguro2A ixihasitol e t o
renove with the el ectrolytic process unless the first electrode 20a_is
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of conductive materfal may still remain despite the additional
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 unless 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 umiformity 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 to increase the
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conductive materials having recesses with rounded corners, and methods for
form ng suchOniAneelventage mfdhisuspproactess that ke letagtiodes 208 anda?@le dai 1ot one
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| east part ae attpched bp Hicsubstatestl®: i al from the corner by positioning first
and second el ectrodes 25 in fluid conmunication with the electrolytic

fluid, and §EJW&§YM | east one of

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 corner can be self-limiting, with the rate at which the

conductive material is removed decreasing as the corner is rounded.



the electrodes to a source of electrical potential. Renoving the conductive
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15 into 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 i the first surface.

The recess can be bounded by a second surface in a second plane, with the

conductive material having a corner between the first and second surfaces. The

25  process can further include removing at least part of the conductive material

from the corner 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.



25 process can further include renoving at | east part of the conductive
material fromthe corner by positioning first and second el ectrodes in
fluid cownowsiession with the electrolytic fluid, and coupcirnggozivsbeast one
of the electrodes to a source of electrical potential. 5 WO 03/001582
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m croel gctroni ¢ substpjghfesl @Aagogéqﬁﬂﬁm istherAfitic, e§THO dil&Ritfonal Vidis of
invention. Figure 4 is a partially schematl c, side elevational view of an

appar at us fapparatmsesifagraoodog tconductiteaniteriabhfions e neinipnclatoacubstraeiies of
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anot her enSo 0?%’[% ﬁ&%ﬁ/e&fl on.

Figure 4 is a partially schematic, side elevational view of an
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
mvention.

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 invention.



Figure 8Ais a partially schematic, isonetric view of a portion of a 25

support for housing electrode pairs in accordance with still another
enbodi merwoO 00001582 i nvention. Figures 8B-8C are isonetri cPCrans2/of96
el ectrodes in accordance wth still further enbodi ments of the invention.
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DETAI LED DESGRITRIR ionacredance et a@lﬁgwdgm@ ofdbe inadionet hods and

apparatuses for reno C f C nkC
stbetrate andfor substisfe ThIaBIFilRLEHeRicc IREHREhFHOR BHER"HS:

m croel ect r Rfndifke \br Cisten uh/%&hesd@ﬁﬁéél@f aﬁelﬁﬁfeglﬂﬁa Qondgétivdl Maeisdbant s of
the invention are set fo in the follow ng description and in Figures
3-11 to promicteekectroniouyhstuaideis t 2ac0idagicof Withe smotherb eabediment ofietheki | | ed
in the art,. however, wll understand that the present invention may have
addi ti ofal B¥SBHPRents, or that the invention may be practiced without
several of the det ai I s described below. 20 Figures 3-9B and the associ at ed
di scussi on P@‘ BeErpprodevi ces for renoving conductive materi al
fromm croelectronic su Sstrates in accordance with enbodi nents of the

i nvention. Figures 10A-11 and the
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
invention 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



associ ated di scussion refer generally to techni ques for rounding or
blunting corners of conductive materials using, for exanple, apparatuses
of the tyweodbodescribed with reference to Figures 3-9B. AsTusez143es ei n,
the termconductive materials includes, but is not [imted to, netals,
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ref ers gengealitohdwet@uhsidest es 7 WO 03/ 001582 PCT/ US02/ 19496 and
substrate assenblies c_onfi%ured to support mcroelectronic features, such
as sem conductor deviigess SFisgarpargally sehematicaiside elovahenglcviesy @f an
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el ectrol yt qiqﬂ]ﬁ&ﬁor gé]g conductive layer Ill can include netals such as

pl ati num tungsten? tantalum gold, copper, or other conductive materials.
I n anot her aspect of THhd snicREhtionN tubstiage U0 Plodst ersutfhOe i 19 2condl ed to
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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,
tantalum, 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 can translate the support
member 140 (as indicated by arrow "A") 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



(as indicated by arrow "B"). The apparatus 160 can further include a first
el ectrode 120a and a second el ectrode 120b (referred to collectively as

el ect r odewob20)158upported 25 relative to the m croel ectr eairassubabs ate 110
by a support menber 124. In one aspect of this enbodi nent, the support arm

124 1s coup ahle0oBibilIgbAae B IHE cdtiiubiite Il 112Y! NAEIFIGC hodes

120 rel ative emc IC su rate or exanp

el ectrode @tdctdenidiivd Athit d23nvate nidve diecelacaddss tinvathdr fastdoasyayr fthem t he
conductive |layer 111 of the mcrqelectronic substrate 110, 30 (as indicated

by/ arrow " @le;c}tr%iﬁds;héve tngnEdcaribe elmmated wdieadthgysubstraty divg ungt 141\p
03/ 001582 PCT/.4S02 plane. | '
031001582 REIRRYIAIAN BB MRIEISAD LR 138 bl

el ectroges 1o ot her fashions, or the electrode drive unit 123 can be
el imnated when the substrate drive unit 141 provides sufficient relative
noti on between the sUbstither embodiment daseribed abovwith wiargnce tnFigure Sy

nmbodi i.b i th 1ef ' . =hh
oS ot st e Sy Sl S, S vl A 12
el ectrical sf[ﬁﬁgfy?% eleRtridif cahRt fPfh¥lGeckiblyRNB 1 Bikd BRNEUtHhickGe Il@?}é{?rl il In

oper ati on, rent source 121 supplies an alternating curr (single
phase i o0 orlnmypletdtizma tle) curwertsouriecl2Ir npgdied 20 altEhrmatingrauerent (msglesphtalse ough

th | ectrolyte . 131 and t I hem cal | ith t t] I

111 Lo PenSRanaRIGIdD (1F GleckRdtpie). JHE TSRt Bltsth SToheh GEFoRPONF  ho
ducti I . . : - b

moved rel i ueid Teack APRuSUREARTRAR B Lo RuchiE IR 11FH Salofen. ot

t he conductmaerihbfer etdmhplepatonioen grbaps be amis)feora dheluohduotive dywsr 1WA In
one aspect of an enbodi ment of the_ apparatus 160 shown in Figure 3, a

di stance Dilhseclpetsedash2Gand/or Bieesibsatedhld ¢ancbe Brovgd aelative é@/gaclmtberi s set
to be smallen 30 atdliaf ABRCsEcBE HIREhe ek dotlaubtivs 420 11207 3¢ e
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
is 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  dielectric 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



second el ectrode 120b. Furthernore, the electrolyte 131 generally has a
hi gher 20 resistance than the conductive |ayer 111. Accordingly, the

al ternatiwgosworsent follows the path of |east resistanceprCmarsot/godir st
el ectrode 120a, through the electrolyte 131 to the conductive |ayer 111

and back t ec . a%ﬂaﬁ bRtk at her
than from Phgé)g??sr&sétigelﬁgbté%gyﬁaééélfﬁégt y g?ﬁ%gr@%tﬁgtcéﬂ?gct ro%ttgéwl to
t he second redidaalr edadiddte mbtegiahatilahy, frend awv dbeodi eleetrioal ccomicetioal (not

shown) can be positioned between the first el ectrode 120% %n t he second
el ectrode betweentheeelsoprdesdl3band éhee%‘il}d%ﬁl"ei%f?ﬁddileéﬁ% e aMithhe

el ectrodes 120 tha es t_first C t Ve d: 111.
e 1 eat ur dotipesdt o SRReE, and 77, EBEERamlE 0 AMGLAA G Ll cliliflee 31
that the elggHHRIPNUREHWD MaeriaPNddisdent hey abodusihtave resivar béftedf th8 VO

03/ 001582 PCT/ US02/ 19496 the substrate 110. An advantage of this
ar r angenenteléctradeatanid: theagonduitive Zayer thegauseethiedelactredasdlizt do aatenontscd

resulting froma,direct electrical connection between the electrodes 120
and the coﬁ%ﬁ@??@@t}v&a@yerlﬁﬁl,' described above with reference to Figures 1

and 2. For exanple, tRg,RRP&AldSolRPemBdRdIOTAhE apparafiisiisd) d&RRBUgL i ve

mat eri al adjacent to the contact region between the el ectrodes and the
conduct i ve abayewikle cefiesencehe FKipart 3 oxithmt 120 sulustrade 1¢0randbar the ledeatamldact i ve

| ayer 111. Another feature of an epbodi nent. of . the apparatus 160 descri bed
above WPt h 128 @ﬂffbﬁwetl@ﬂlﬂvﬁdpet § Gigeg %Poflﬁénﬂﬁsei?ﬁg@%il %a?ﬁd?lbf PPHE

| ectrod I L eliat | t Lt
el ot r odes ARt o, s RURLE Bk A1, CAPIEIERARE dFRBRRHARIADS that
advant age Ghe telidciroiiet aP@es@n be iseqhidraiallyt pesigbeal addeenttd0cvery poetion of

sequentially positioned adjacent to every portion of the conductive |ayer
to renove rthe eondnctivelayendo eamove maatiak fiouk theagetire1aonductive dayest i Mel vy,

PR RN R A T R

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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portions, |leaving the remaining portions of the conductive |layer 111
intact. Figure 4 is a partially schematic, side elevational view of an
appar at uswPai/00158t i ncl udes a support nenber 240 positionedTiusozugport the
substrate 110 in accordance w th another enbodi mrent of the invention. In

one 20 aspect of thi }atestﬁp@l%réﬁﬁ‘gﬁjgp%éﬁo C%B%ﬁé%%sta?’:te

substrate 190 #RFTH 238 @@ﬁ%&nﬁ\%oxh

drive unit Zilir6RAe mvcmttkeedﬁpamroc HRGEA an2der®in® dBforSaBS beavenldl} as
descri bed above with reference to Fi ?%, e 3. First and second el ectrodes

220a and 22électindepd20 tandrthd coaducteva hayer dddusthoat nggessanilyl coyating the

coupled to a curre our.ce 2 5 su ort r 224 orts .th

el ect rodes S@fC r%‘?lgiuicg‘ e lgysrh @'te Zgﬁ %glgﬁ S gferia

el ectrode dpdygy, P SRS Mry% qh@@ﬂa\@f&%r a?@flfﬁéﬁrate {1®afgchagg of
uct |ve a

t he support con ayer manner genera simlar to that
descri bed ahpmeelmch’olytefrecrm fZﬁZFngmrmiﬁurelmf daei:reiytm@?nl ahd k:bndlmth@dl ment

eosel 530 MalATI e Bl voceriabiinets 230 KR TYBOVES GO POMEDS) 15406
an aper Ut e, 2RO AL BEANIIB P 10 e #eRbuRgas: Wnheng st el v, o

el ectrol yte RS ose caII I'n an | ace region et ween

the elect r%é@aﬁm%?@ﬁnﬁrdvﬁkﬁscﬁﬁiﬁ@ﬁal\fiﬂuiaabﬁroﬂthé clétidl 23119@ﬁa5aap'
covering the entire conductive |ayer 111. The electrolyte 231 and t

conduct ive 233 eetuzns Bherrsponditionedalectrelydo Adldoithe elegirolyte vesgel 8\3/060@@ t he
substrate 11;@ nﬂ“ aééect In an electrolyte receptacle 232. The m xture of
el ectrol ytel d<¢dnductive material can flow to a reclaimer 233 that

removes nost of the Cmdaﬁ)mefeas&%wﬂ ale ERPOUihentElIaRlh ahY FRngs e, e il ter

234 positioned downstreamof th recl ai mer 233 provi des additional
filtration appdrhimsel66t cad yinelwid1 aasensar passpmbly 23%) rletvingisa tsemsor 251

recondi ti oned el ec ronte 231 to the electrolyte vessel 230 via a. turn
line 236. |ROSIHONGLPTREPLS teythe; rgjélFr’B}S"d ﬁh aisﬁnﬁﬂfmgoﬁwth{é%
15 coupled to the sensor 251 for processing 51gna1s generated by the sensor 251.

.-1

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
electrodes 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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apparatus 260 can include a sensor assenbly 250 having a sensor 251
positioned proxinmate to the conductive layer 111, and a sensor control unit
252 15 cowploadorse2 t he sensor 251 for processing signhals geagrsort4by t he
sensor 251. The control unit 252 can also nove the sensor 251 relative to

the substrate 110. .In _a further aspect of.this enbadi nent, the sensor
assenbly 250 ém%’@l?ﬁlﬁ:éﬁr %Mpge’f’%@d’bﬁ‘@l’(a%’t h%ﬁ@ﬂt%‘oﬁfé eé?‘h@‘?,‘flp’t?@é drive
unit 223 ang{.or a Y ot Afdesi i.n ithile: r 251
can determ ﬁ{ee \Rﬁ?s{gﬁ %?fe)?saho?ﬁtaﬁg%g %%H%l Eclt%l[lvcéSl gﬁ%{ 1%@58&. re%gd I'ti onal
mat eri al r econdictizsdaganl hbbetwien tved seclectedegsoifR0 hEnd/farthehespagbof rthise 110
relative to each other to position the | ectrodes 220 over. those areas.

Al t er nat i vepbodmasnte @aenor @otihvabe slectradrivadl cat pedernithe fmgiiop of the

repeat abl e ctro O0aan 14 tr - 110 | ative
topeach 4ot )h%erl{sggc%%rgi%é %ﬁa%grgl-aedgé%%%&lnggﬁﬁg% C?Fiih @%ﬁéﬁq%@b%go#ﬁ)é}r eZenslo\r/
251 and t hechpisRingChbtnced foinh teptpate GonsdidA . ainystif figthed etRdimbns Uilicabl e

configurations. For exanple, in one enbodinment, the sensor 251 can be an
optical sensansot R4l cha detest Aevhonge iithe tveltags @ndior\aurfeny glrawn 1from the

det ecti h i i nt i . | th hift of the |ight
et octed 1 PoRisareln2ef at edndind e et ac er i al i o removed’
30 Alternatively, theps bf 4Rd b EMehts2AESHiBERCihd VRS Lt féezgléetngg to

radi ati on having 11 WD 03/001582 PCT/US02/ 19496 ot her wave for
exanpl ejo x- Figure ad]i tiei sensok 25l ichh e grokeionedbautirtrdram thehelesteolyte 2391 can

measure a change in resistance_or capacitapce of, th conductjve | ayer 111
bet ween t woD8eAUSE A € Ffﬁi .ec213ﬂ 1§ COPFIHELE %Q&m@rﬁ%r@glmgﬁ@mp one
or both of eeﬁkﬁgﬁés"ﬁgé aﬁl%oﬂl%a@?rﬁﬁfcﬁ%% elfﬂ”¢%&&§dﬂfg}§,hﬁe5ac%ﬁfk§c. 251
(as well as € materi all renmoval tunction described above€)’” el mnating

the need f otvith Gl dees@ros 251 Aeterntifies thd prdgredshef thendlediroBticSprotbs
sensor 251 can detect a change in _the voltage and/ or current drawn fromthe

current suppdtybeampsevediecausrithet gloeralaiee?3 will be lessnlkedy to interlgye witht he
embodi et Stl%egﬁ:errétti)grg o ARV&nthe 51 ef§f g)?a%?plte?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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o Figure 4, the sensor 251 can be positioned apart fromthe electrolyte
231 because the electrolyte 231 is concentrated in the interface region
239 bet wewo o3ssEl ect r odes 220 and the conductive | ayer 2tIwsézemedi ngly,
the accuracy wth which the sensor 251 determ nes the progress of the

el ectrol yti a | Y ARt 3 ﬁrl‘]' be
| ess i kel yﬁ?%ﬁﬁ%mlgrc' edﬁempt% Rb %@ﬁ%h@ogﬁat [ orrltdg?utﬂ %%‘féscglg;é%% 9%@,1;11 or

exanpl e, whgn file chenode 3204 and asecoptictedtrodeed20b; cattheowpled to al yireen?31
wll be less likely to distort the radiation reflected  fromthe surface of
the subst r #UBply1 328 candistachnbousedsé oy of stheolirsti elseokyimyvessels midee

I nterface rggion.239. 0 f 0 n di of the p tus 260
descri bed %ergggv%ywﬁé %’21&@?@%%&%%8!2?%@%&2%25c{;ﬁ@'%dt{?eg_g?‘g%frgﬁ‘_@?e 231
suppl i ed t @lédtfrdes BEY tag antlede RakBlls Suctons isival, | plafif@he Ropp&@dan@iok her
with a reconditioned electrolyte or a fresh electrolyte. An advantage of

thi s feat urathérs materials.hend ehechirsd ctlestialste B3 ba tdanningbidee sodinhe chlaside; odes

220 and the conductiye.layer 11 an i nt gi ne t i gh and ..

cons: ot ent MOLGBHE shlGEide cEbaes G Andfon Siodtdrafyfes flal e whiipsitle na

view of an Wﬂ??ﬁﬁhﬁ#@&ﬁﬂ?&h@d@%ﬁ%ﬁ@@‘ki@r nating current to the substrate
I rst

110 through a el ectrol'yte 331a and a second electrolyte 33lb. In one
aspect of this enbodnrartasptiteofithisssmeddintentlthe fir@lecrolgtediespels 880an t wo
first electrolyte yessels, 33Qa, and the seco eg(ﬁct,rol yte 33Ib is

di sposed i ringlude doHaweresicter y2& S8ds ' porogge Tavlatios magmbage togngd o

vessel s 33 r Y r.q | h : 1 582

PCT/ US02/ 1 Teffdil r%@?@ﬂ “T‘”ﬁsedcgpépsa%feg‘g@g%ﬁs’c@mﬁ%&f’% e iide
el ectrodes olR& sifitadI® pofsusamhieiials #lacalloaddns20ase back 264 dotthehegwicende
320b, each coupled to a current supply 321 and each housed in one of the

first el ecttholfirstecloetsalyte vesels. 330a) anst thet sepeng elestrolyie vensel S36bt butide 320

can be coupl ed.to ground. .T | e es 0._can«incl u terials such
2e" st ver . Tt atloft, A6 SEma e e S3RAP ik apRARLY gwr (BB Ripdts
el ect r olsyt &3593{f8r E2dinpRRC kv nHiRd Yen&hllQsifRar 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 33 1a 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 either 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

include 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 be movable relative to each other by one or more drive units

(not shown).
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pot assi um chl ori de, copper sulfate and/or other electrolytes that are
conpatible wth the material form ng the el ectrodes 320. In one aspect of
t hi s enbonDerblsst he first el ectrolyte vessels 330a io0 i mcirase2/4bé ow
restrictor 322, such as a perneable isolation nmenbrane forned from

Tefl onTM sintered ma(t)ﬁéif@'ﬁ“??ﬁ%{ﬁ?ﬂﬂoﬁiﬁéﬁpo@ltﬁﬁsﬂggﬁﬁ%& %69%%;%?1@? Le, or

ot her suitable porous materia al'l'ow 1 ons ack "an

bet ween t hyokk wsith Bdferdnce iy Fepute $sie lthatIBO firetndedthdlyfee3Indc il wcidledtgd e
vessel 330b, but do _not allow the second electrolyte 330b to pass inwardly

t owar d t he telbsceompaablesvithghe elactrodespP@. Am advanfage of dhisdeatury isthatl ar to
[t bri t , 1 irst electrolyte 33 l'ied
fo the o edir girst SUELARA S e B 1es{ kel Bl o uibnal, G1ecBontSs 75 ' ©

pressurg a'Hélg{'ﬁeeﬂr%UEfeicﬁbﬂé’é 300. dChbRGérsélye thd rsééondea%ﬁbﬁkytﬁ 183cdrbe
outwardly through the flow restrictor 322w thout allowing the first

el ect r ol yt seR@tedawathoubh eegard dodhelefiert il haseors 2lb etestrodesi B8R0 thecausghittine f | ow
20 restrictor 32 In either enmhodigent,. th econd el ectrolyte 33| b

r emai ns e@@wwﬁbf I1§°]@6“L£I1%Q¥nt & e‘éTQéj(?tsrg@léngZ%‘ebﬁqmereﬁé&XP%fﬁ(%e
first elect 3 e | rs this
enbodi nent ,A Oéa]glﬁggr g{eﬁgégﬁégy ggerc]:'ﬁ?ﬁgt% ﬁ%ﬂcl%u emgﬁgdfpgggﬁaﬁle@gsgghgﬁt hat
supports t h@oshdpsigeait ethafd Geavtd hightwsively edfidted iceadhairer labki Flaciofightowar d

the el ectrodes 320. For exanple, the support nmenber 340 can be positioned
in the WecondsatecklOol yt e vessel 330b. In a further aspect of this

movabl 6 rel ative 1o dderopre B oUW, bf e MGEIRPRC AR 380) 1o
WO 03/ 0015%&(6%@%@%&91@3& @pélaé@o@suﬁwema RhfichifatRPBaA at us

360 described above with referénce to Fig “is’that the Tirst

el ect r ol yt eacg@rdaace awithe sewirel testbodiments obrtpat invention.t h Fonepwipests ofes
320. An advgntage of this . feature is t he first electrolyte 33l a can
be | ess Ii I&BP?F SSSW@H#?%%H WBF%B% %F??‘i“é T8 shown positioned proxiiaid

15 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 720¢ and 720d can be
grouped to form an electrode pair 770b, and each electrode 720c¢ 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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5 degrade the el ectrodes 320. Conversely, the second el ectrolyte 331b can
be selected without regard to the effect it has on the el ectrodes 320
because iwoios/ooBem cally isolated fromthe el ectrodes 32@chyusohiessdé ow
restrictor 322. Accordingly, the second electrolyte 331b can incl ude

hydr ochl ori ' St | vel ]
conductive %gggérl éjcPclbrldeof t h%ﬁ{ 7%&3%2%%% 55@?8&%%8#@ ?Q:hg ﬂge ?%I%tgrpﬁgﬁ Vi ew
of the m crafelthet micioelestiosio adubstdR® 110sitdwarddihee pesiphesy pl 12 adfl ttjte Of

el ectrodes having shapes. and configurations in accordance with several
enbodi ment SNBTORIRETOMGSHPPBE I/ pur poses of illustration, several

different types of e']%%t@?%ﬁ@gh%ﬁ%nﬁ%%ﬂﬁkﬂé’% Eﬁlgﬁeglg%%érc’%gég %ﬁe}lae sane

m croel ectroni c substra owever, Ih pra he

same type Caver bpproghiatslpathlf tlebicd ! the anitrodtOrshic 'SABL @A DIV gnd gt rate
110. In one enbodi nent, electrodes 720a and 720b can be grouped to form an

el ectrode pwive & yguicinsuidr plasforml dwpeodBhe elvstrade 7290kvancppeiped with 20
opposite ternmnal .of a . current supply 12 Figure 3).. The el ectrodes 770a
ana 7700 oot S it B gy ek Syt ifSodhiinkoS A pESEr iRged 1 o
extend - pardi heleldRROMOY BAA NP EIdeiBAE! BiPhEcoBhlelNtS thLRBHEA Sonld@. The
spaci ng between adj acent "él ectrodes of an el ectrode pair a can be

sel ect ed t ol Mi foembvidehalterhetng coakbntctor the mhick odlecttdrdc subsitatatie ahg @f the
descri bed above wi.th reference . 25 to Fi %%Jge 3. In an alternate enbodi nent,

el ect r ddes maReradascrthed above yuth ghigrenee 1¢ B1gWes32n el ectrode pair 770D,

and each el ectrode 72 -1204d.,.¢: Db e S . t
tapers i nwardly tomr%}lg%lﬂé]eqcléﬁdt g?ﬁ%pyt%yﬁ%ﬁ%‘pg%?%g%%or# %(gédﬁb@?*?%%&éﬂ@lo. In
still anot hdewesbadioraon, ofhthier eulistrater 1 PO tpypitioded dlepesthohescléePedarndod 20f

can be gro&d_to formelectrode pairs 770c,_wth 14 WD 03/001582
PCT/ US02/ 19ieseribechahoys aathy isdarencpto Hiemry dof Incgncepsiestyof s smbpdsnentar di y

from the cepl Qfeckbde 720 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. Alternatively,
the electrode 720c 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 rotates
about its center 113. Accordingly, the electrode 720c can be shaped to account

for relative motion between the electrode and the substrate 110.
In other embodiments, the electrode 720c can have other shapes.

30 For example, the lower surface 772 can have a curved rather than a flat profile.
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of the mcroelectronic substrate 110 toward the periphery 112 of the

m croel ectronic substrate 110. In still another enbodinent, a single

el ect rodewd28gosan extend 5 over approximately hal f the a@aceasoi/1dbe

m croel ectronic substrate 110 and can have a sem circul ar planform shape.
The el ectro a ] :

havi ng a sf@%%&ég??lgﬁ g%gg)lfg%&? %%goﬁ%’% ?%Sr"?ﬁ%?}grg)“‘g’w%[ﬁ %gﬁgﬁggggéﬁg%% and
bot h el ect r(otlethet @iediydes binleg sﬂlaPémahenﬂraﬁﬁhowsh@m inl Biguire 6pcay heee
alternating current to the mcroel ectronjc substrate in any of the io
manners dedcslpped oxsaveeddawer srtcenda 8l Apgharembodimeptsyihe elecirodgs

partially s mati ¢ rSS- tional . sid levational , view of ,a rtion of
t he substra eilaifﬁ %tggfﬁﬁ%}%gtﬁgtelf‘l c%tuﬂt ?ﬁeﬁeﬁ%‘g‘:‘t F‘é’é‘é’n%ee’a\éﬂé% F}eﬁgg’%ﬁﬁove

w th reker gpgaht Qubdtete @16. | n one aspect of this enbodinent, the

el ectrode 720c has an upper surface 771 and a | ower surface 772 opposite 15
t he upper surface 771Fignee BAcisng pahteallyo schemdtice viesw of anldlectrodctheuppdrst r at e

110. The | r. surface.772 can taper.downwardly fromthe center 113 of the
substrate 118 (OheRPPORING dh (AL 19 HOHKEs st acPaidanca Gwith aRAInEs pect

of this e(g’é}&;f/@di?ﬁgt gfﬂ% Hveh %G'Iﬁ“&rfe‘)%ge&z&s @ﬁﬂ%ﬂﬁﬁ&ﬁ?ﬁ% BreBlblé -

Al ternativ ectrode 720c¢ can ve a plate-type configuration with

the | ower suppextel730caiy 2ngiodé ti ploeadityof dlestrodenagergwes 474 asatht bE whicler
surface 771 paral | ﬁl

to the |ower surface 772'@%6 fqe@ture of gither
enbodi nént hoysengithena Brdcelestsede 44Bapm agsosendesdectiage d2@lt r §be fLs0c and
t he substr G b r e LY, f e
subst rat e LI HoRER “Conars toRE Sl e aeh FRE Y, Fpl 38
feat ure canh®egcoshvbrlcetiodys 420bnart duplid harsecédd ledd uheb25Bstibef thée 110
noves relative to the el ectrode 720c at a faster rate than does the center

113 of t he leadss#28a and A@3biase conplad o, 2 \ueient sepRlbEtl aecondinglyt gaek
bout it nt 1 di | th t 2 b h d.

Socount -t a2 ot First B S dfecth s ARl Sl AReS e RE sl PRt 10

I'n ot hes erhadisTEsthpletéd Byethe Chubseigie 7 A afid thd Y& RIIR(s) SIaBABed agtevgor

exanpl e, the lower surfacé 772 can have a curved rather "than a fl
profile.  withreference 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 420a 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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15 WO 03/001582 PCT/ US02/ 19496 Alternatively, any of the el ectrodes
descri bed above with reference to Figure 6 (or other electrodes having
shapes otwero3btzs2 t hose shown in Figure 6) can have a sl epedisoz/ian ved

| ower surface. In still further enbodi ments, the el ectrodes can have ot her
h h . I h
coborrat o THRTSAXodi8 sttt Yfo TROOBRAMMEHle LIEHRAEpAiRe 9Tp Gl B, "

support 4Zﬁ01feohemls'p©d§ﬁdelﬁﬁa&dphuﬂ®| pémplm‘ryel lechf deesubdirade qqod@m@ﬁlex\n th
anot her enbodi nent of the invention. In one aspect of this enbodi nent, the

el ectrode regiopsrwharesthearelativg wakocky pbefiveentthe otleetreds patte 4idcandirths 474,

each of which lo h es ej the f.irst electrode 420a,0r,.a second el ctrode
420b. The M §tffatee tl? or&kitlvﬁg'oilg’ré et?oﬁ ﬁh oé T ngyap@]?t Heceas ﬁ§4 to a
first |ead 4a8antsthn tdieeﬁ:@ﬁeﬂéi Zlgalﬁcuvod@eﬁl Ab%Q\bld@r @n%@féa@é’d tQedrol gﬁend

| ead 428b. Both of the [|eads 428a and 428b "are coupled to a current supply
421. Accor dunghy toecorhperpater for7 heohigh relativn debmatynd IﬁhﬁmrmomeSthézﬁBstand

420b def t hat | et ed t.h t te 110
and the el &1 e«?tmc{ﬁ&%am@e@%t‘s' pne slsgode do0R T sneh elecbots DergbibGanDs. I
t f th
Second | eadCREn; SPREIARE i foRfals fbh oparte FRAPRERT BF of the Shpfiem t1e
capaci ti ve doypihdrg thete\lmdbheré elds to Ithe @ohdudther lagspetl (sde Figuse 7)

enbodi nent, 20 the el ectrode support 473 can have _a_confi guration gener ally
sim| arlOtObﬁﬁ?‘le etﬂ@&%pﬂé@@a%t@@awéumw%f dideduges the dikebboed7. For

exampl e, 2y Nirekf Slockidoipithe UBRELP IS 6rli- deptrddD207 200, 2288
SVE kﬁ 8 r? % (f\%lﬁh an

32009) desc rence gure can e repla

el ectrode Sewmﬂfde 42%. haM s t&ﬁm}s@r@sp@mebﬁltlussélﬁb@dmﬂ fife usipligude,
plurality of apertures 474, each of which 25 houses one of the first

el ect r odes fncpwney atlﬂé)rs\@@ﬁfﬂﬂélsb@m s@mdledzwbdlffeﬁergtqlcqtr@def pﬂlrshé'v’o &8pect of
T T g 0 B B Y eBA HaP
15 and the mlcroelectromc 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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proximty between the el ectrodes 420a, 420b and the m croel ectronic
substrate 110 (Figure 7), and/or the electrode pairs 470 can be arranged
to correswondovssB0 the rate of relative notion between tireTaiserigsodies
420a, 420b and the 16 WD 03/001582 PCT/ US02/ 19496 m croel ectronic

Substrate N~ le, e.el e | r ily
concent r at Sh%issophd BAMRAE s20B%' GF bhaURRL PtV F e R sGpREY
where the reltaé ioieerwetond tlechotivwdaobt Ha ehaticr edpeqaif the £nthottithent) ahe
substrate 110 is relatively high (see Figure 7). Accordingly, the increased

5 concent r utisnt supplied ttp oerehpsgaoadadlecizade $260i ern differiny shawgteristics

el ectrol yti current to. compensate f.or,the high relative velocity.
Furthernoré’fﬁ'“?rﬁgla’fip%?e’%g{ S}E‘W@&e%gﬁldgr‘ld the second el ectrode 420b of
each el gctrode pair 43fl ¢aituReof theledddtisley 80DQRICHBEEADSe With r@ghedR$o (Ssuch
as the periphery 112 of the substrate 110) where the el ectrodes are close

to the condiguicse8Baged 81 1is(at the diimse elyctamleb820ausent kkickd dbe spcondnity

to the conductive | 11 reduyces t | i kel ihood for dirgct electrical

coupl | ng_ belsrsatenY it bom picHFaee d5um' olfir ERESacTHES of Gt eXeBIo 20n,

instill addElalcararebom caibecGiast A0 3nRIPkd 4dBng AIARKRICY
e ed to di ro

and/ or waveform shape suppli erent el ect e pairs can vary
dependi ng @20bactin advactagasoft thes spancameheitieat theecwlrent apgeedodo rthd 70 15
and the m croel ectroni &_substrate 110, .and (iﬂr;e rgl ative velocity between
the ellct sebatrgsi A 197(Fighee thevia dhoetlecodssi 828Ukt rhg dnareo ackiglilys 8B
and 8C ill Lé%h hgdel ectrodes 820 (shown as first electrodes 820a and
second el ectrodes 820b) arranged concentrically in accordance with still
further enbodiments dfightte 9AN¥eatdchematio cifmie rEndsdmation?0f Soaw of théi gur e
8B, the first electrode 820a can be positioned concentrically around the
second el ecompimesioidesenikedn abpue e‘&tgi tefeienee 19l Femages ahr8be disp

bet the first trode 8 d th d trod b..Theg fir st
o eorrode Sshematiciihedh BREOH, B cittnd SERRE LN I AMBISPIS wiche
820b, as showirdde BhoH' B Bhe Wecdhd S1BALOAEISLObT Rathf 1dadls $2®Ftanddg2880a can

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 current 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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25 define an are of |ess than 360. In another enbodi nent, shown in Figure
8C, the first electrode 820A can be concentrically di sposed between two

second elwotosoass2 820b, with the dielectric nmaterial 829Pdrasoyedbet ween
nei ghboring el ectrodes 820. In one aspect of this enbodinment, current can

be suppli ed; r . 8. i 1 -
shifting. gj@grs‘zgﬁ]vgﬁlﬁ&ggﬁgﬁggg gﬁ:'(tansupp: i%gf%gﬁg%e’% %g%&%@%gh
PCT/ US02/ 19i8guany saverabiel ach raedhinb, a@ﬁnﬁeaﬂ&ﬁabﬁ-lﬁ%h-fﬁeqdeﬂ@ advee to
the current supplied to the other secqnd el ectrode 820b. In a further

aspect of tAManbbuiothen embedimeniss dhe Mghniraquaney veanen 99dcandi the elom-ode

820b di £f ' | Sty |
2ol ude. eanenep BARE SUF oR i oD Shad S AR iR SRR, b hees pect
to Figuespicang cBardcteristiab of e dielcttriChRigdrindad2itrdta® fcehfltd iR

second electrode(s) 820b frominterference fromother current sources. For

exanpl e, télectrodes 420,cthe robdeacsatics o the sebairate d 10, cangt/outhe targethatsl & t he
second el ectrodes , 820h. advantage of thj rrangenment is that the

current appW&’é‘g‘ W&teFWg 1&8’%%@??‘%@3%%@5%%6 '}?Bvi a the el ectrodes 820
can be more accurat el Wy LRALE!FhisHrSMe8meAY isShat tﬁ%ﬁﬂ@%ﬂeﬁ?ﬁﬂdpﬁlgéal

representation of sone of the~ conponentsS described abo W ence to
Fi gures 3- 8€in #kanshitwthe rexphweded] ectachlyeriengyfigur theddectrddes20aamd 520 toe 521

is coupled to the first 15 el ectrode 520a. and the second el ectrode 520b
with | eitis Segmicipglesbapic Sr“@?%%t@t]i]g’el"‘a‘.ﬂo‘ﬁthﬁq%w FqUsHEY SEPOAMRAFEERalar e
coupled to 1.CL 0 ni S t Lt ct lin
an arr angen%%f ]{ﬁ‘ﬁg{ %fafﬁ&t)‘;ee% egrroé@(])e{gt rgli %8%%&%?1% 38%%(;[%\/\0%‘59\'&%%&0@

paral | el capgkeirbBrs 531danid she tonductivet laved 1¢ hpsfcthe omicraeldctt exsic ssubstrate
schematically indicate that the mcroel ectronic substrate 110 20 "fl| oats"

relative tollP.ouberosdinghotansr ohtheepmbadimangs described aaboverwidly refesensentont

shown in Fi ﬁijgru?esg A 8ENEF YRLGRE 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 corners of a
conductive material, as described in greater detail below.

Figure 10A illustrates a portion of a microelectronic substrate

25 1010 having a face surface 1013 with a conductive, partially conductive, and/or
semiconductive material 1011 (referred to collectively as a conductive material
1011). For example, in one 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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source 521 can be coupled to an anplitude nodul ator 522 that nodul ates the
signal produced by the current source 521, as is shown in Figure 9B.

Accor di ngwe, 0308z ur rent source 521 can generate a hi gh-f Pegqusnvyw4vave 904,
25 and the anplitude nodul ator 522 can superinpose a | owfrequency wave 902
on the hi OhedhARYEHuHAVE AR oo RIoneY HiRERal 10F1L MHNLhGIECR XudRHE 4904
can include a series of positive or negative voltage spikes cont ined
within a sdishsctrivvametegial edropthed ahiorecleblyotibefdatwef r égquerms aspeoteoP@Ris Each
spi ke of the_high-frequency wave 904 can. have a relatively steep rise tine
sl ope to 30empadinet, disDgacashragdgholusds als@p@@grzm: oxifle hayes) Hikd onythe,  and
a nore grad | | . 0015 Pg A | I The. fall
time slope g@de(f@Tk’Fr%&tgns rgﬁgh %lt;%ﬁlé fylﬁl%éégf@g I%Q&EJTOSJhS?&?rt%%gglﬁ{gy wave
904, or a clkéedolinel mask 1016 abeilgpehigl- fOEHUaREsponaite tofidadedifedot her
enbodi nents, "t he hi gh-frequency wave 904 and the | ow frequency wave 902
can have ot lwaugnap‘gﬂledapmlqeg,ommifeaémﬁplseposmomdeaéjapamt ta gheymitride

characterisfics th lelectric materdal  .a l ectrolyte adjacent to the
el ectr odes _i?é'ﬁf 1@51% fﬁ’a&’_ﬁ&%ﬁ?e&?%@&w S%@t%gggﬁsa?@oﬁ%?o %S#Cgﬁan{?he t ar get
rate at which materials iBow BE Fi%ﬁﬂ:V SDE," e tdachanebedd alefovt0 mAerial
advantage of this arrangenent is that the high frequency signal can

transmit thposiiquéd benedthkdhe bpatingnadyy té form tapertetes ckitOdersothed accmssks520b
to 1o the microel ectroni.c substrate 11 |1 e the | ow freque

super i npos eglaéi%d éhéﬂu%ﬂée Bitride layed) ﬁ)#ﬁc}h{f{‘@hﬁ@ @Pgﬁtlﬁ%éhm“eaﬂnd
reacti on be - conduci i ay 1 .f the
m croel ect rgﬁlls@é}éh%;prp% S’ﬁ%%&bgﬁg’g#ﬂi@%@@&éﬁfﬂg b \emél'rlrbo ??r(%rﬁ%l ’
descri bed afievapethires 166@camieclide sideyalled 084 $Enemtlyitransueise an thenppérude
nodul ator in addition tg a current 15 source. Figures |OA-F schematically
i|lustrate susRescHi,fand qosners i@o3ratdhe jenction between dhg sidewals d06dmndr at e

i n accordan %@t?‘aﬂaég% nmbodi ment of the invention, using any of the
devi ces destls HEF 8B WI? I reference to

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

layer 1014 can be etched away from the corners 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 described in greater detail below with reference to Figure 11.

As shown in Figure 10D, the exposed corners 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 corners 1063 and placed in fluid

30 communication with a first electrode 1020a and a second electrode 1020b
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Figures 3-8C. In one aspect of this enbodi nent, the process can include 20
formng shallow trench isolation (STI) features, and in other enbodi nents,
the procwevspensst ncl ude form ng ot her types of features. PCa/tsny1ads t hese
enbodi ments, the process can include rounding or blunting corners of a

conducti ve (%ﬁl%&ﬁé‘élg asfefiRacks bad digoteRat @020t aih Rt ag;ﬂ&w@fli%
illustrates a portidon of a microelectronic substrate 25 1010 having a face
surface 101&mbodimentcthedeletirodss WA ¢ad by spaseduaptarty onatidy sricroelectronic

sem conductive material . 1011 _(referr to collectively as a conductive
material 19absfratg-d,0 @xgﬁpﬁeqlgtaﬁ‘cﬁn‘éfeg%%d?%%t?mt H@lﬁ@ﬁgﬁc?q ORh{t81G al
1011 can ipgE i 14 M 8 r . ot

enbodi ment sﬁﬁf[h#g&e%o n%&g??lsée}ﬁﬁg%%ﬁr@gﬁ’ Q%S%?a%ﬁ%ﬁgﬁgggﬁg?h@?&g on ﬁ%etalstve or
sem condyct pie€ oBGherdesticales. 1020 eaybefcoupkdetoeatsodiovesf slectrival provadid, can

further include 19 WO 03/001582 PCT/US02/ 19496 form n% apertures in the
conduct i ve siaheas A0 aliarnating CusteaionIce; dnsgy gper sgengrale stplar fthat al or

other m cf Ogl aEi ANk SAli ieFerchle 00 BiARRES P! ALBLIinATDRRLHRA vulrBf

process can I'Sposi ng an oxi ayer Ve

materi al  10%31 temditd Aeww fospesé od tike Blettrbdes 103® thrddb tled eldoroticdiftufel | ayer
1014. A mask 1016 havi ng openi ngs 1017 corresponding to the desired

| ocat i on of 10hktartherassherst kisdito dxadizaiths cordystive mnaadal 2fdhasemers d06he
o et oo 1R R Rl Sl SRR R RR I B b pEpR ©°
posi tioned ﬁﬁﬂﬁ t hd BRcABRAINARIAL93T1 &6 thOLMRRIEIHERS 18P onH&E an

recesses 1o t extend t'hrough the nitride layer 1015, through the oxide
| ayer 1014, eleottidahcoogiht. arhaipyidizedunbtecial 4088 afmeh 06D nanbeiremaved dyi al

1011. Accordjngly, . the apertyres 1060 can i.nclude.si dewal | s 64 generally
transverse ehemical d%‘i?é@cuoé]u?"flﬁ’c &6 :‘mg}ﬁkf @g}ié@sfomﬁlea{roqq%% E‘H%@?Son

bet ween thelééﬁﬁewal | s 1064 and the upper surface 1065. 15 Referring now to
Fi gure 1CC, e nitride layer 1015 and the oxide

15 In one aspect of this embodiment, electrical current can be
introduced into the electrolytic fluid 1031 at a rate of from about one to about
500mA/cm? (and in a particular embodiment, about 50 mA/cm®), a frequency of
about 60 Hz, and a voltage of about 15 V.. Alternatively, 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
fluid 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 comers 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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| ayer 1014 can be etched away fromthe corners 1063 before the corners 1063
are rounded or blunted. For exanple, in one aspect of this enbodinent, a

i quid etwbanwotssri ng about 500 parts water to about one pamtusShyowed | uoric

acid and about one part hydrochloric acid can etch back the nitride |ayer

1015 and 20,t he oxide.layef,; 1014 gt I 0X§ t he 1S a 0, .expose
o 20 060 ARl ARG EIPL B 9038 TR b b RBHECS
1063. In a fiyid hes1asneahce e tefvhﬁgmedjmetsﬂi&&e sRIcHHIRY1 0B40C g8 Htha@n be
conpleted at a tenperature of about 60C. In an alternate enbodi nent, the

step of et chinbgdinhents, othereh¢micals canobs dispasechin the eectralytic fhod4103dcto from
the corners 106 an be elimnated, a 5 descrij,b iLn greater detail
bt 0w wi th PeRSldRedafoE mulii ygniond at ik SERNES D6k whHE afGhlisy
corners 506,68 Hom tRe BERRrO1 04 %ff%lﬁ&vefdﬁ)ﬁﬁﬂ{s‘éﬂéb@ﬁdab%%.”erS 1063a

(shown in Figure 10D in roken |ines For éexanple, in one aspect of this

enbodi nent, an el ectr dligitre cl0B fillistrat€334 poation efdihe pmserdelediraniensubistratehe
corners 1063 and placed _i.n fluid 30 cqgnmuni cati ith a first el ectrode
1020a and alQbeshavar & diigue iégoﬁgefz&wmﬁ)d%ﬂﬁ%@eué@é; g gbeen
(collective r t 0 f . hi s
enbodi nment , {md%gﬁécftgﬂg egﬁﬁsﬁggﬁgqg%g%e g%gratsﬂﬁtgﬁftpﬁsz&ﬁ%dﬂentt,

m croel ectr i erosssbstiomdl eshibpd Cotbtheacoingtnneo3afcahr dofidb aut agproximateiyret er
to about two mllineters. In other enbodinments, this spacing _can have

ot her v# uesircwlar peasin Hthgreerabodiments, dhe bbaved tonwrs A6 candiavedther a

source of electrical potential uch,as, analternatin rrent seurce, in
2 manner. genAREet yhenfiqtesecehadients he Baitadomety PRSI LmEonRaet of

Fi gures 3- 9Rs AR ALAThY shh Rokidr§ AD6T YhéWhin b 1ognd to flow fromone
of the electrodes 1020 through the electrolytic Tluid 1031 to the corners

1063 to oxidi ze the conglret 10k shawsra gateatoxidee niagemalr $0668Bspased Timethe

el ectrical current travel , throu t conductive material 1011 _and back

through t hedRSEEEs dﬁ)@if@ ‘F‘Pqﬁith_e f&%ﬁ’%ﬁg r(ﬁﬁe‘l_-ot rgaéF%G?liléﬁ‘én %Bfénpﬁdg’(yrrpl ete

D oenahy | 88posing W bbnvehint bk 3RAc/E! 2067 bnhe Wi GRIRTO RGP e
apertures 1060.

One feature of an embodiment 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 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 less
expensive to manufacture and more reliable as a result of spending less time in
a high temperature 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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chem cal interaction with the electrolytic fluid to formthe rounded
corners 1063a. 15 In one aspect of this enbodi nent, electrical current can
be introdomadoiseto the electrolytic fluid 1031 at a rat epofi/dSorm4about one
to about 500md cn? (and in a particul ar enbodi nent, about 50 mA/cnR), a

f f 60 Hz, d | bpu 5 \/ ly,
Lhe eroot s Bl oBers 1 oBIobEope e anl Bh IRy "vo; afingf el ElRHL V°! Y
enbodi ment seyd-dig A4 Iﬁ@f@ﬂgﬁalyqnaﬁhﬂkh Rofld@sivetiurtaces fl Aufll d@ahuasiatda t he

sane as the conposition o he et chant used to etch back the oxide |ayer
1014 and t hwithi the ddedtendes 105. Axcomliriglys ltee propesst mafy nbi seedbtadibeent
the constituents tic.fluid 031 can be selected to reduce

0 ectrol
or elini nat’éloé‘%t@Fﬁ‘{@S &PS‘SN@SQ VBREEak 5800V PIORESSeSper t ures 1060. For
exanpl e, s when the conp\ LVE ﬁ@%egéﬂallgoéchghﬁﬁbuﬂﬁ%ﬁgéoﬁ'dﬂ E%}gc%slgl gofr  he

hydrochloric acid in t electrol tic flurd 1031 can reduce
fluid to atrdumdiig oedlngingt ciridugtie¢ coners oflewaldrecléifenic Aabstrate idl19, int he

el ectrolytic flyid 103 can, be (a) suffl tly conductive to conduct
el ectri cal awﬁ' Hotheyr ggd@%@ ¢ filelnt‘,ﬂﬂ%‘[émbo RIS %@G%Pgrt&él at

Ot o R g

SO reactive as to renbve un- OX|d|zed

material framdrhg 191dewRloksdelRO4r 9114 ,2hd\WOh 340 0B 2 1PEHIt4Rg2d LeASGIIyhe
aperture 1060. Alter natlvely, et haneqﬁg ycol can be added to the

el ectrolgtim the ghereloRInEDH ag etb@rcées edt ahviegwitht éefslremnetoSFlguc@rﬂOB

sidewal s 1 ot h be d osed I n

the el ect ro?‘PFFErqSI @eﬁ%?ﬁgg otpetIﬂgldre {]aé/%fcl;ihrétaéﬁl the (?)8 %\Y at the

si dewal I's 196 il @ﬁk'ddndabﬁwm%nai 1r1r1qealsalmfarﬂ1ahﬁae o GREAIR/ Sindif3 to

be renoved, as discussed above. Figure 10E illustrates a portion of the

m croel ect r tanthat deberibet aboxfeowﬁhsrhmmmentoFler@ 10BD Hi¢ epertires ddbferas 1063
one

hapact of CHE BRSHRTEHOL TatdoBR TR GeTieonhl o2 ape ol ARSiEBFndred160sa

can defije ﬁﬂe@gﬁra@(ﬁﬁ%%{lﬁace 1165 of the conductive material 1111.

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 corners 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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to circular arc. In other enbodi ments, the blunted corners 1063a can have
ot her shapes. In any of these enbodi nents, the blunted corners 1063a are
rounder owoO oBeesssharp than the sharp corners 1063 shown PRTRiSQuIa96 0D.
Figure 10F shows a gate oxide material 1066 di sposed in the apertures 1060
to coat the,sl e : ; ing a
convent | onal Ga et et Bt daRl SPL AL A BT the hvettpEioRES! O
apertures lOffited@epras by theodppendedrbaiineent 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

el evating 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 ectronic substrate 1010, which can create interference wth other
features of the mcroelectronic 25 substrate 1010. Additionally, the

m croel ectroni c substrate can be | ess expensive to manufacture and nore
reliable as a result of spending less tine in a high tenperature

envi ronnent. Anot her feature of an enbodi nent of the process described
above wth reference to Figures 10A-F is that the process can be
self-limting. For 30 exanple, as conductive material 1011 at the corners
1063 oxi di zes and etches 22 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 comunication wth the

el ectrodes 1020. Accordingly, the process may not need to be nonitored as
closely as other material renoval processes. 5 Figure 11 is a partially
schematic illustration of a process for rounding or blunting conductive
corners of a mcroelectronic substrate 1110 in
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accordance wi th another enbodi ment of the invention. In one aspect of this
enbodi nent, the mcroel ectronic substrate 1110 can include conductive

mat eri al Wwbb3/ooEs2 oxi de | ayer 1114, and a nitride |ayer 1Pt9/mor/enged
generally 10 in the same manner as that described above with reference to
Figure | OB. Apertures 1160 are etched through the nitride [ayer 1115 and
the oxide layer 1114 and into the conductive material 1111, also in a
manner generally simlar to that deguqrApgd above with reference to Figure
10B. The apertures 1160 can have sidewalls 1164 that form sharp corners
1163 where the apertures 1160 15 intersect an upper surface 1165 of the
conductive material 1111. In a further aspect of this enbodinent, a first
el ectrode 1120a and a second el ectrode 1120b can be positioned in fluid
conmmuni cation with an, el egtrol 31 di e n th ,croel ectronic
substrate 1110 to roﬂhd t nﬁﬁ?@?aﬁ%ypg%%§§8§ogngwgkf%%ghﬁfﬁh% ?ﬁ?st

et chi ng baglenidigsigxi de |ayer 1114 and 20 the nitride layer 1115 fromthe
corners 1163. "Accordingly, the oxide layer 1114 and the nitride |ayer 1115
can initially overhandjsposeng e elietrobisrabuil adjesEnd to atconduetive matdrial oiie

oxi de |ayer, 61114 and the nitride |ayer 1115 are r ved fromt )

m cr oel e%:/t rtB?IFIHC’é‘I?E‘%‘EW%% sybstrg e,Ahe éﬁ{}g‘llﬁ]fﬁ’ﬁema‘ier@ﬁggwﬁg@c@ SP’%‘E%E% 2jit can
elimnate t i 1 r anc j rom
the for egoiﬁr%gf %?&wgﬁﬁ?%g&%g%?gg?&gt%\%% ?Hgiﬁ?@’aﬁ{téhgeuégeﬁs ?Sgg ?Pﬂctﬁ&edn’% d?rrent S
of the investomh shafaee haen stesud ipladt, e e¢onduotivpunptesiab fofther hhvsigr at i on,

various nodifications nmay be nade w t hoyt deviating fromthe spirit and
scope of t He&menketveen thefrst and speend spEaces @%b ng processes can be 23 WO

03/ 001582 PCT/ US02/ 19%3}608#??{11”% " f)%i ﬁﬁﬁgkgﬁﬁc&ggagyg?%gﬁg&%ggt ires.

Accordingly, the inve m t'ed excep ed

clainms. 24 0pRsitida#hs ZirfCInESRAQMEcHIdEMA fluid communication with the

electrolytic fluid and coupling at least one of the electrodes to a source of

electrical potential.

2. The method of claim 1 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 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 method of 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;

oxidizing at least part of the conductive material at the corner by

passing the electrical signals through the conductive material; and
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1. A nethod for processing a mcroelectronic substrate, conprising:

di sposing an electrolytic fluid adjacent to a conductive material of the
m cr oel ecwoonjoeissubstrate, the conductive material havi ngraTtfuisnyiv4sarface
ina first plane and a recess in the first surface, the recess being

bounded by a second o@;gg%h%ﬁa%@pénﬂiﬁ@f«&% @ﬁvgtﬁlxﬁrmttgrha'
by

further having a corner ween the fTrst and second surfaces; an
renovi ng atchleassal qieliantof t he conductive material fromthe corner
positioning first and second electrodes in fluid conmunication with the
electrolytic fluid and coupling at | east one of the electrodes to a source
of electrical potentjal. fhe ThangEdodiath ¢!Whifedn HETENshitfee of fhe
mcroel ectronic substrate has a tace Surface and 1he recess exten&é
general |y tdondaggvs anhteriahds pesiorssd fpaseimdieiriohar gateealdy momesenduesivat

| east part of the conductive material |ncludes positioning two el ectrodes
to face tovanigrighewithcthesgeneially nosneondugtize matesisl pesitionedtheswerrdheodes

to a source.of electrical (potenti and di $posin n.electrolytic fluid
bet neon t ndibhagtiacs paiat G ' & et IEEARRE B i sioyine 1 st
further conpyt of ke cBAMidHVRIMBteeTal FidiR|the | cOR@drSint ey %é‘m%lvﬂ? ESiRiceivaced
apart fromthe mcroelectronic substrate; receiving the electrical signals
at the cor nmeatevfil emgagednwdith the/genenallyenomicondudtieznatgriat. | east part of the
conductive material at the corner by passing the electrical signals
t hrough the conductive material; and 25 WD 03/001582 PCT/ US02/ 19496
exposi ng an oxi di zed gorti ti dRlEtdrfind:0 @ chem cal
etchant. 4. The net hojé)l of ¢ %?{%ﬂiwmﬁg‘?gﬁﬁqf Ee %I rs?{ﬂggslﬂéice of the

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.
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conductive material is positioned proximate to a generally non-conductive
material, with the generally non-conductive material positioned between the
first surwewmg/nerss2 at | east one of the el ectrodes, and whelP€TrUSOEMavé ng at

| east part of the conductive material fromthe corner includes renoving
conductive material gngag i h ral : CLi i.al. 5.
The nmethod of claim 1,§' fur?ﬁs\;&%@%rﬁ?ﬁlgﬁ g’i ﬁ%g{s%?%o@g@%%rséﬁc@g%e

non- conduct §éerbRYET to0linélide CoRatCahY e at MBART bAk ; of ey drechlviiogacid laedst

part of the non-Conductive |ayer to expose the corner of the conductive
mat eri al behpdrofluomovicidy at | east part of the conductive mnaterial fromthe
corner. 6. The nethod of claim1, further conprising: disposing an oxide

| ayer on the conductive material; disposing a nitride |ayer on the oxide

layer; and renoving a | eagheRattho@foft Q18I I Whidfeih 3¥BovaldaPRiabt hrttdre
oxide |ayer to expose the corner of the conductive nmaterial before

renmovi ng ctirdestducaveahsterial iffohodest pessingrelectrical ciimentnmtddlee obnducdive 1
wherei n renovi ng_the condlr:&%i ve terial |inc] udeg (lei@gi.zi ng at |least a
potion of tWateElddcei vaienek dFom Abgnt ARG dPnabAfteed? i WHLIAMEF  Befi SER#MSugh
the portion ‘Eﬁﬂg Q(posi ng the portion to an etchant. 26 WO 03/001582

PCT/ US02/ 1991 %} ‘The nmethod of claim1, further conprising selecting the
el ectrolyte to include water and at | east one of hydrochloric acid and
hydrofluoric acid. 9. The nethod of claim 1l wherein renpving at |east_ part
of the conductive mad@ri allheraethedsofpeladn nlg whiesain remaving pt lagst patoot he
ggﬂglrjgtl ve thngi}:(()al{du%ltivgtmgte{i%f foc {cldefsr ge%&%%uﬁleosno%réé) of %?e%ttrig’ﬁopo%ﬁtliélat%ps per

provide about 15 volts, s to the conductive material.

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

conductive material to vary at approximately 60 Hz.

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 hydrofluoric 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.
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centineter. 10. The nethod of claim 1l wherein renoving at |east part of
the conductive material includes selecting the source of electrical

pot ent i alwoms/oprseyi de about 15 voltsrns to the conducti vePomtusot/ed496 11. The
met hod of claim 1 wherein renoving at |east part of the conductive
material includes selgcting, nggl.ﬂ', i ng u C

material to vary at a%grom mat JS%Orﬁflﬂzgﬁﬁﬁzp 'Iﬁ%llgiér%e ogﬂg]%lgcl&gl m ﬁ:ﬁnerel n
renovi ng atledstast gfatht fokt ancﬂ]eemmmheiecnrmksmmtmclmlle dtrichstdee cfeplatihimg a
current passing thrqough the conductive material to be an alternating
current. 13antghen gadigiRplate. claim 1, further conprising selecting the
electrolytic fluid to include mater hydrochl oric acid, and hydrofluoric
acid in a ratio of about 500:1:1. 14. The nethod of claim 1, further
conprising sel ecting tée Tiangithiéd of whiier i afurtieri qushprdeing qreiticiihg een. 27
WO 03/ 001582 PCT/ USO02/ 19496 15. The nmethod of claim'l, further conprising
sel ecting deasteenst oﬁn@eoﬁrst h@dr iseeandaglectiedend dissenacoabsiren pbeutygae at

I f h f cl ,
Fur ther ottty U dbept Bk RHTRERH AGREh bigrotlirtiic SR Cocona

el ectrodes a distance of from about one mllinmeter to about two
mllimeters fromthe mcroel ectronic substrate. 17. The nethod of claiml,
further conprisi ng di]s7posi"Fl@p arcthododil dainnd, | fayther @nmpaisilsg dispohingr ecess
after renovi nq r| al ﬁ %th cor ner 18. The net ho1 laim1,
further corpt¥ §‘i% 3&’3588% [;9 irepess after 1SMe \Rg Apaterial; %mr BEEHICT19  The
nmet hod of claim 1 wherein renoving at | east part of the conductive
mat erial includes reducing a rate at which the conductive

18.  The method of claim 1, further comprising disposing a

dielectric material in the recess.

19.  The method of claim 1 wherein removing at least part of
the conductive material includes reducing a rate at which the conductive

material is removed from the comer by rounding the corner.

20. A method for processing a microelectronic substrate,
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 corner
to at least partially blunt the corner by exposing the corner to an electrical

potential.
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material is renmoved fromthe corner by rounding the corner. 20. A nethod
for processing a mcroelectronic substrate, conprising: disposing a
gener al | ywpeonpaessziucti ve naterial adjacent to a conducti weTnsborrd4aé of the
m croel ectronic substrate; formng a recess extending through the generally

non-conductive materbal angeipL@ohNs ﬂ%?ﬁ”\/ﬂ&;ﬁﬂ&%&é@%}g atrt]rffahsg‘f)%ﬁsé

defm ng a corner at least proximate to an Interface e conducti ve

mat eri al anthet bendienaraliayeridloimchated updsitieningt @ rfimt ;elevitbdeeamy iange@dnd east
part of the conductive material fromjthe corner to at |east partially
bl unt the celeapdeprexipaieriy end spaserkrpad Home thee nrirraglectivpie substrate2g WO

03/ 001582 PCT/ WSO2 4 . f i 0. wherei.n renpvi ng at

east part ST SidRaRcpedd e eleROr . R sale? efotelitipichtl, Bies

el ectrode apg efecteCAANGrrepl S At €eadt Oxé GRiEe ERcABdeSRAERI GRS to bx@Bd he

m croel ectronic substrate, coupling at |east one of the electrodes to a
source of ebemdudtivelmyietiehat thie, copeers and exposing exidizedconduativatmiteral at

| east one o&}et he el ectrodes to the corner to oxidize conductive nmateri al
at the cor nH1E COURF WALECHY oxi di zed conductive material at the comer to

an etchant. 22. The nethod of claim 20, further conprising: emtting
el ectrical signals froman el ectrode spaced apart fromthe mcroelectronic
substrate; receiving 28e ellhetmethall ofictaal 20, fortheecamprigngof t he conducti ve

material ; oxidizing at | east .part of the_conductive material at _.the corner
by passing the el ect FrEEIMES] al yignals fiom g ¢ tSPpecdrapast figm the,g

exposi ng annﬁéﬂo@i@cﬁ%n?c%ﬁﬂs%te?f the conductive material to a

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.

23.  The method of claim 20 wherein removing at least part of
the conductive material from the corner includes removing conductive material

engaged with the generally non-conductive material.

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

cormer.

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
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chem cal etchant. 23. The nethod of claim 20 wherein renoving at | east part
of the conductive material fromthe coner includes renoving conductive

mat eri al wengagess2z with the general |y non-conductive mat er ipalr/usaz1943he

met hod of claim 20, further conprising renoving at |east part of the

non- conductive materi er. C i f.erial

bef ore renovi ng at le@@&%ﬁé@%ﬁ hgﬁc(gtg%c Pgé,etrlrgfe r%@?gﬁooﬁﬁhﬁggmggrner.
25. The netlhpst ©f egioienthdCorhétr dihte codnctivd Rthiteridli 570 Ren@An st dagtayer
on the conductive naterial; disposing a nitride |ayer on the oxide |ayer;
and 29 WO (ewoofithezordurtvgomateyugd drom TAGr.at | east part of the nitride

| ayer and part of the oxide |layer to expose the corner of the conductive
material before renoving at | east part of the conductive material fromthe
corner. 26. The methogs of ThaifeRY %%ra%mqwﬁaycsiﬂqehﬁ%%ﬂﬂféueaﬂda%ﬁve _
material includes oxidizing at | east a portion of the conductive materi al
by passi ngnateeal nndatles wxidiningt &t taagh at pertipor of dhe canduetyrosiateridlhby
portion to an . etchant.. 27. The nethaod of clai m,20 wherei.n renpvi ng at

| east part Ressingirlectmgal,cusront thapugh g}e Potiony cad nasHig teePeitiongio 8k r ent
into the c Gtive material at a rate of about 100 mllianps. 28. The

met hod of cl'aim?20, wherein renoving at |east part of the conductive

mat eri al includes passing electrical current into the conductive naterial
at a potential of about 15 volts rps. 29. The nethod of . claim 20 wherein
renoving at |east pard/-of Theaethedigt clayga Havderan removingat leastsparg of
current t hrguahbliG RORMGE IR/ Haldhe Yeckildi SRR aRPRSRLARLS! Y 60

Hz.

material at a rate of about 100 milliamps.

28.  The method of claim 20, wherein removing at least part of
the conductive material includes passing electrical current into the conductive

material at a potential of about 15 volts rms.

29.  The method of claim 20 wherein removing at least part of
the conductive material includes passing a current through the conductive

material at a frequency of approximately 60 Hz.
30. The method of claim 20 wherein removing at least part of
the conductive material includes selecting a current passing through the

conductive material to be an alternating current.

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
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30. The nethod of claim 20 wherein renoving at |east part of the
conductive material includes selecting a current passing through the
conduct i weommaersBal to be an alternating current. 31. ThePo@tusor1ade6 cl ai m
20, further conprising selecting the conductive material to include doped

silicon. 32, _The d aj , L el i I r f the
conductive %%f','ul"%b (r?11cl u eglepgégrﬁ%go%%g i%s{e%gﬁéhgg)gﬁg %?g%?(?%d‘teos%i n
fluid 30 V3¢ @f Bh&ctriBAI Tpdoehidl 1 94 Gelectimgraniciat bAe ofithd firfteariDEd®Ind
coupling at |east one of the electrodes to a source of electrical

potential , eleatredescloringlpdstat leass oneabplafinnpe tantakym apdigeaphtiad el ect r odes
to include at | east one of platinum tantalumand graphite. 33. The nethod
of claim 20, further conprising disposing an insulating |layer on walls of
the aperture after rengvi ngLEghemhod!off £19i 120 fufREN8Sm ﬁﬁingﬂﬁ@pé@ﬁ@% of
claim 20, further conprising formng a transistor gate in the recess. 35.
The net hod nisukdtmgniB@r varevedlls vheahen apeotare caften niemowsngy shatatiel Hewmathieace
surface and the recess extends generally transverse to the face surface,
further whef®f renmoving at | east part of the conductive material includes
positioning two el ectrodes to face toward the face surface, coupling at

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

di sposing an el ectroBsti c Theumdthodt vé efainh @0f afnetherirdongsrisimgl folhraing a

el ectrodes. 36., The method of claim?20, further conprising reducing a rate
at whi ch matr@Rs1gior gate 18#8g &8CPs-om t he corner by rounding the corner. 37. A
nmet hod for processing a mcroelectronic substrate, conprising: formng an
oxi de layer on a doped silicon material of the mcroelectronic substrate;

35. The method of claim 20 wherein the microelectronic

Dt

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 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.

36.  The method of claim 20, further comprising reducing a rate

at which material is removed from the corner by rounding the corner.

37. A method for processing a microelectronic substrate,
comprising;

forming an oxide layer on a doped silicon material of the
microelectronic substrate;

disposing a nitride layer on the oxide layer;

etching a recess through the nitride layer and the oxide layer and
into the conductive material;

removing a portion of the nitride layer and the oxide layer

proximate to the recess to expose a corner of the conductive material;
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di sposing a nitride |ayer on the oxide |ayer; etching a recess through the
nitride |ayer and the oxide layer and into the conductive material;
renmovi ng wopenoisen of the nitride |layer and the oxide | ayecT/ysonxipmt e to
the recess to expose a corner of the conductive material; 31 WO 03/001582

PCT/ US02/ 19496 di sposy; e ; Hi dyadi acent 1.0 C of
the conductive mat e?illg[?);s%ieagll %Iie{g:ngoﬁﬁfeﬁadsﬂ{l g@??élgf@htgkcg(% Egtﬁgﬁé

mat eri al atcohlgctéws materly; positioning first and second el ectrodes

proxi mate to and spaced _ apart fromthe_ mcroelectronic substrate and in
f1uid comuni cation WwXidizingatdeasitnast of the eondugtive apatedalpl theFornen bast one

Peast part Poprinnd frdh SRLEEEpd &kt 8RR Wb spefRf sb TR TG
an et chant ;mpaskle@sift REbdrdtetad ¥ fid ebmi@ie¢dtin withtBeeketolytilhide

corner by rounding the corner to reduce a flow of electrical current’ from
the at | easindmouplispatisastiens of theeclewratlss to 3goumieeofaledtoigalopotentaalpaad,

wherein renmoving a portion of the nitride |ayer and the .oxide l.a

proxi mate to the recdSYOVHE GHL‘?S'F Bﬁ’ﬁv‘i’#ﬁ’e %‘?&qda’fnaf%tmsxmsﬂ?é géel ayer
at a first 0&2&% ARthtES0Y LR 4@l fromthe oxide [ayer at a second
rate, with the ?I rst rate approximately equal to the second rate. 39. The

met hod of claim 37, fredudiag amipat simch neatevalnig ehwvedxiraa thaywrmenbly t he

nitride layer with an etchant after_remmving .at |east part of _the oxidized
material . AOUOGAE theCOBREIIP r@ﬁ%%ﬁib@%ﬁ@ﬁi@%@ém% tlom ghe P ISt OB

nitride | a%?écﬁgéhtgﬁﬁegﬁgigg | ayer proximate to the recess incl udes

di sposi ng an cent to the nitride layer and the oxide |ayer,
wi th the etchant having

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 layer at a first rate and removing material from the
oxide layer at a second rate, with the first rate approximately equal to the

second rate.

39.  The method of claim 37, further comprising removing the
oxide layer and the nitride layer with an etchant after removing at least part of

the oxidized material.

40.  The method of claim 37 wherein removing a portion of the
nitride layer and the oxide layer proximate to the recess includes disposing an
etchant adjacent to the nitride layer and the oxide layer, with the etchant having
a chemical composition approximately the same as a chemical composition of

the electrolytic fluid.
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a chem cal conposition approxi mately the sane as a chem cal conposition of
the electrolytic fluid. 32 WD 03/001582 PCT/ US02/ 19496 41. A nethod for

processi rgoas3misepel ectroni c substrate, conprising: fornPog/moz/eaess in a
conductive material of the mcroelectronic substrate, the recess defining

a corner at an inter szﬁcti oR ?ﬁetﬁ&? ﬂe@%ﬁﬁ%ﬁ.ﬁ@df 'B{O%T?qup({r%%hg%b%ﬁggeucu ve

material; formng a conductive m croél eature » and

control | i ngophmédinigmagneti c emanations fromthe conductive mcroelectronic
feature by rounding the corner defined by the recess, wherein rounding the
corner includes el ectior®ing ¢ reesssl inng candusirveematerial oftthe qaicrogietteonical t o

the corner to oxidi,ze the copductive material., and.re in xi di zed

mat or Lal 1 ORPERE L0 by ehRpBet Rt o SRty BF Fi Spg s S Bhan:
42. The metf)agk of tHel @ntubdvabi&idl, formng a recess in a conductive
material includes formng a recess in a senm conductor material. 43. The
met hod of clai m 41 wherming 2 condiiatryetthisrodecteonic feathnediasthp osdess;caridig a

first electrode and a second electrode proximte.to d spaced art from
the microelectronic s q?ﬁ‘i‘ € s’aﬁmaﬂﬁg% $TogRAtQIge LMy f?‘l’r&fﬂ%“é(ﬁd

second el eGL{ 0088 - Enid ﬁ%@%gqfouﬁhﬁg gffecﬁ]rgéfgi?fgl?écghg @g?gﬁ%ﬁ #herein

electrical current fromat least o el ect rodes

t hr ough an roehéiigr the'téanét undudes t dectriontier coupling di zeunendfcelecericwt eri al
at the corner, and exposing oxidized ctﬁnductive, material at the carner to
an et chant .pofentiafnto #he neRmer te) axidizel  the yequsictive afesiahg and nremovigs

Cubst rat o PudERY;molef R o0 i kR BEREoSRE e SRR Rl Bt ve

etchant.

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 microelectronic substrate, coupling at least one of the first
and second electrodes to a source of electrical potential, passing an electrical
current from at least one of the first and second electrodes through an
electrolytic fluid to the corner to oxidize conductive material at the corner, and

exposing oxidized conductive material at the corner to an etchant.

44.  The method of claim 41, 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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material; 33 WO 03/001582 PCT/ US02/ 19496 oxidizing at |east part of the
conductive material at the corner by passing the electrical signals through
t he conduwODismorset eri al ; and exposi ng an oxi di zed porti onPefi/ushz1wenducti ve
material to a chemcal etchant. 45. The met hod of claim4l wherein the
conductive material i t t ctl ve
material, with the ge%élrdzg%?g dtg%gsg t'tﬂlgvcg)nhﬁgﬁvegﬁﬁ?{)rgdsll#l onegﬁb &e

the plane opadsivg therdetticylesignalt &magh&mc@tdwcaasmmlehﬂtt rode, and
wherein renpving at least part of the conductive material fromthe corner
i ncl udes rermV| ng congkResiNg aoxidigtd nendermef the Konductyenaaternial to a

non- conductl !)g{ #}8{1 46. The nethod of claim4l, further conpri sing:

di sposi ng a d 1ive | ayer on the conductive nmaterial; and renoving
at | east part of t he non-conductive | ayer to expose the corner of the
conductive material before renmoving at |east part of the conductive
material fromthe cor|4ér The metboded lebdmod 1 sihgremhe condudiiye matepal & ng:

ayer - on't hEOSRPRE! PRYBMAE 1 Rehicy i‘f&ioﬁgq@gﬁ%iﬁerﬁ' PhE B bayer
and part of 4bRRAYLESve 'rﬁé(t%haf ;bd% fw@é}f NhRE gfantehﬁfcﬂféd‘é‘éh HY&}
P st part o romthe

mat eri al ore renovi ng at the conductive mater
corner. 48. miBberiatedndoat tﬁasicbm elettrodéuandevhereinprensiviigg siellenst pag ofthe

conductive rrat rial to |n oped siljcon, 49. The nethod.of claim 41,
further conffi Cﬁ’g’edms'lﬁﬁf né fi EHICAL mf}ldeéyr@m%ﬁn&m uglive meatetidless’

after roundipg, J.06, {0 HeEenetdlly 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
corner 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

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.

48.  The method of claim 41, further comprising selecting the

conductive material to include doped silicon.

49.  The method of claim 41, further comprising disposing an

insulating layer on walls of the recess after rounding the corner.
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WO 03/ 001582 PCT/ US02/ 19496 50. The nethod of claim4l, further conprising
formng a transistor gate in the recess. 51. The nethod of claim4l

wher ei n twe ogioerseel ectroni ¢  substrate has a face surfacepramdShherpecess
extends generally transverse to the face surface, further wherein roundi ng

t he corner includes i tienl Faﬁﬂr eg _I‘ﬁ)f t.omar he face
surface, coupling at %{Zastﬂgéng&gbx\@h%feke ec??’o es ?rogéﬁg’%lgﬁ%eg%rﬁmgge%tri cal
potential, tpai@istbiSgs imeheecedsectrolytic fluid between the face surface
and the el ectrodes. 52. A microelectronic substrate fornmed by a process,

conprising: disposing a generally non-conductive material adjacent to a
conductive material of; thenm croel gctronic substrate; form.n recess
extendi ng through theglgen(eep%ﬁ I?etﬁl(?ﬁ_- 8f)n‘gﬂ]&]ili {flg Wiﬁ{e@?i © %%ei?‘arqlﬁ%
conducti ve gyBtRateHas 4 Feoe QagRe ART tHY RBed SAEAGS géﬁerbﬂ;’i‘lsﬁl@ans{?é&é Itgghe tO an

interface between the conductive material and the~“generally non-conductive
mat eri al ; dacde rsanfavenfuitherl sdsteiparounding e cormbwrctichelesapesitieningr two t he

corner to at |east tiall | unt .t he carner by exposi,ng the corner to an
el ectri cal E?W%ﬁFi ‘éf%%%%of‘%é‘?r#’@r foce st cc%lﬁ%’é"kgr a eleg?t eR&i %r 5§e
wherein r i . par : B 5 I i .

posi ti oni ngéigé%@g? b a!e ec%?‘ ggglegﬁidc agrbg’ééélg%g%g{de%l? }r)(gfjégg%} gé%?dn&n}? gﬂggﬁ%‘ri]d
spaced aparetiveentichface sudhoehet theoslectraldest rat e, coupling at | east one of

the el ectrodes to a source of electrical potential, passing an el ectrical
current fromat |east one of the electrodes to the corner to oxidi ze

material at the cornai®to An Blandafiohis B3RS, kBAct{odz ighés:

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 corner
to at least partially blunt the corner by exposing the corner to an electrical

potential.

53.  The microelectronic substrate of claim 52 wherein
removing at least part of the conductive material includes positioning a first
electrode and a second electrode 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 corner to oxidize conductive material at the corner, and

exposing oxidized conductive material at the corner to an etchant.
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54. The m croel ectronic substrate of claim52 wherein the process further
conprises: emtting electrical signals froman el ectrode spaced apart from
the m crwelospbvrseni c substrate; receiving the electrical ecgnsbmisbethe
corner of the conductive material; oxidizing at |east part of the

conductive materi al th r Sd e el i eql_ Si I

t hrough the conducti \8/%4' na'?grfl 5@@%@%%@%@3@3”3% g?d ﬁ?ﬁz%d%ovy ‘lélgﬁ?o i he
conduct i ve pratesifaithtoc@npdfem cal etchant. 55. The nicroel ectronic
substrate of claim52 wherein renoving at |east part of the conductive

material from the cordeittingeleghisl s Virorg asoelacieeds epaead appeifremdhged
with the geperalsl on- tive material. 56. The m croel ectronic
substrate @%&?ﬁg#@r&c\ﬁﬁgﬁ# *the process further conprises renoving at
| east part of the noneeeRHiL tHie/ @1d¥aicd i dfnalt Gt EhBOSENEN DFCRENESndActivEe

conductive material before renoving at |east part of the conductive
mat eri al fmoatetiak corner. 57. The nicroel ectronic substrate of claim 52

wherein the process further ¢ ri ses: .di sposi ng an oxide, |.ayer on. the
conductive material ; 07{:“1’528&%%% I?ﬂIFPfH%e F‘g‘}fﬁpngﬁ nﬁ‘ﬁ‘@nﬁﬁ%h‘el GRrEFL b¥ng
renmovi ng at I hkd ﬁx‘gﬁj,, . oxide layer to
expose thepggrﬁﬁgﬁthcg?fe:cﬁgéaég Sgt%%%at{hg)ré?gfi efegl?geﬁeﬁea;fo%/r{laﬁg at least part
of the conductive matexposingf annotilezedoporion 86 tHEO GRANCHHS 2mMEFalI302419496

58. The m croel ectraoni c substrate of claim52 wherein renoving the
conduct i ve chgtuealptchant| udes oxidizing at least a portion of the

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

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.
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conductive material by passing electrical current through the portion, and
exposing the portion to an etchant. 59. The m croel ectroni c substrate of

cl ai m 52 wbes®drsst he process further conprises sel ecti ngPChasopndoct i ve
material to include doped silicon. 60. The m croel ectronic substrate of
claim52 wherein re i ng I 1 he cC tikye | al

i ncl udes sel ecting an@éwrgﬁl{% p‘§§§§e%§°t?‘ﬁ?%ugﬁbﬁaéécﬁﬁd%@%es%t‘%ﬁ“ to be
an al t er nat ieagoeinp e tcondhctivh endrerdalogichnies aniidizinat leuse aoportioai off Hie
wherein the process further conprises disposing an insulating |ayer on

wal | s of theonducsiye materidl bynpassig slactical) cutrenh thyeuglyrther pomin, Tansl

m croel ectroni c.subst r | ai 2 wherein the process further

conpri ses fg)f]?ﬁsrlllbg ﬁlﬁp@fﬁ@pﬁ%gﬁ%@{%ﬂ n the recess. 63. The mcroel ectronic
substrate of claimb52 wherein renoving at | east part of the conductive

material includes positioning two electrodes to face toward a face surface
of the nicroel ectroni §9subdheatacroelstiphimgubstriteast claim 62 wherehethe odes

to a source of electyical patential, and di sin n.electrplytic fluid
bot ween 1 heprasess Shithers EonBisehsBping M en e ntafetiad db iRt dSped
substrate fgigd by a process, conprising: disposing an electrolytic fluid
adj acent to a conductive material of the mcroelectronic substrate, the
conductive material having a first surface in a 37 W 03/001582
PCT/ US02/ 19496 first plane_and a recess .in the first surface, the recess
bei ng bounded by a séBondTélﬁr frakEoslactrone c sHBsttan&f ¢ oRdudvhergin
material fuft . _hay, r i . n -fac
fengfﬁpg ¥ s a g?ﬁ{bﬁe oP th¥ehdbbfivd Iﬁﬁén?lngl}cﬁoﬁ@%hgel%gﬁﬂ

es;
and renovi ng ast pgrt conductive naterra _ the"cor 2 by
posi ti oni ngcirest pALkhgSBEAMh Bk @ohdesBR mbtetalligbe amaliginagihp @arient.h t he

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.

64. A microelectronic substrate formed by a process,
comprising:
disposing an electrolytic fluid adjacent to a conductive material of

the microelectronic substrate, the conductive material having a first surface in a
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electrolytic fluid and coupling at | east one of the electrodes to a source
of electrical potential. 65. The mcroel ectronic substrate of claim64
wherei n tWe o3nesess extends generally transverse to a faceczushacadof the
m croel ectronic substrate, and wherein renoving at | east part of the
conductive gRUchibal and sl HEES ROHd G QBHAC L GELERUGInE DddaBa Ry d the
face surface of € mcroelectroni c substrate, couplinhg at leas ne of
the el ectrogpnidos@fsuica sdcondl plahe] ded cpodestivieainaterivd flirthed Siaving
electrolytic fluid between the face surface and the electrodes. 66. The

ni cr oel ect r 6PINET bapeeandhe st andssasrnd supaces; and ne process further

conprises: emtting el | ' S ne t el ectrodes
with the electrode Sﬁ%@é@ngzﬁérléés? E%*k(] ?ﬂ%‘%@‘ﬁ%@ﬁ‘%ﬁhﬁ%@%ﬁ%@? a‘ioél,ler _
receiving the gbeedingafirsti aiiekéconld tRere@sNned Miidt denaRAdatbhVRithmHeer i al ;
oxi di zing at” | east part of the conductive material at the corner by
passi ng t heelectolyticc finid iagda¢aiplingoatgleasth ene orfdthet eleetradesetd al soumd of
exposi ng an loxi:fdiain%d .rLi on of the conductive nmaterial to a chem cal
etchant. 67°°FHY¥ 811658‘@ ctroni c substrate of claim64 wherein the first
surface of the conductive material is positioned proximate to a generally
non- conductive material, wth the generally non-conductive nmateri al
posi tioned 38 WO 03/ 66158 ThECi¢iSeRctdARS substateest chemf ibhstwhergihatle and
at | east one of the el ectrodes, and wherei rempvi ng at | east part of the
conduct i ve FREEEY iearendlso&meﬁgﬁeéﬁaﬁéverﬁmpwggce PBFBS 11 bsrmicoelpetranter | o
engaged w tEuﬁsfﬂ&t@eQﬁ& ¥re 'ﬁeﬁ%%ggtdtvﬁagﬂgﬁ?{ o?! thebRond&ive material

ate of clarmod, fur r

m croel ectroni’c suabstr
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 electrolytic fluid between 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
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conprising: disposing an oxide |ayer on the conductive material; disposing
a nitride layer on the oxide |layer; and renoving at |east part of the
nitride |woasoerssz part of the oxide |ayer to expose the ®omresn2/of49¢ he
conductive material. 69. The mcroelectronic substrate of claim 64 wherein

renovi ng t [ Lal_ i ngl I i 7l | eas tion of

t he condug$¥§§a%g§%r§§¥qﬁ§ﬁ%§sé9%8ﬁe#%§fPﬁéa ?&?%@%ﬁ“?ﬁ?béﬁﬁ ﬁﬁsﬁﬁgrtion
and exposirggovitey Rerltasnpdre ointhet ebradiictivé Omatbiral Mrehotee ebfRRi inichidRst r at e
of claim®64 wherein renpving at |east part of the conductive materi al

i ncl udes sdeBOvVing wndueientmaigaiokieigaged owifh thee geoarally inoa-eomductiae to be
an al ternati current. 71. The mcroel ectronic substrate of claim 64,
further cdﬂ% 'ng formng a transistor gate in the aperture. 39

68. The microelectronic substrate of claim 64, 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.

69. The microelectronic substrate of claim 64 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.
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.
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