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of depositing copper on a-substrate is by using plating methods, such as

el ectropl ating. 20 FIG 1 includes an illustration of a
cross-section view of a prior art Eieldiofothesilnigntiont em 10. The system 10
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10, the pl ati ngnsthoge sublsdradesers the cup 12 through the inlet port 112,
30 flows lby t he anode 14, at which point ions fromthe anode 14 are

di ssol ved into the platlng solution 19. The plating solution 19 continues
to flow up through the di ffuserBA@Kﬂ.@i&.@i—&MWte 20. The pl ating
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20 2 current densities for operation while still resisting
15 electromigration or other reliability problems. Copper is being
investigated as being a possible alternative to current aluminum
or aluminum-copper metalization. One of the most promising
methods of depositing copper on a substrate is by using plating
methods, such as electroplating. |
20 FIG. 1 includes an illustration of a cross-section view of a
prior art electroplating system 10. The system 10 includes a
chamber 11 with an outlet port 102. The system further includes
a cup 12 (container) that has an inlet port 112 for receiving a
plating fluid and a diffuser 13 within cup 12. An anode 14 lies
25 between the cup 12 and the diffuser 13. The system 10 further
includes a head 15 that has a turntable 151 and clamp fingers 152
are the cathode for the system 10 and are typically made of
platinized titanium. In the operation of the system 10, the
plating solution 19 enters the cup 12 through the inlet port 112,
30 flows by the anode 14, at which point ions from the anode 14 are
dissolved into the plating solution 19. The plating solution 19
continues to flow up through the diffuser 13 to reach the
substrate 20. The plating solution 19 eventually flows over the
sides of the cup 12, down between the walls of the cup 12 and the
35 chamber 11, and through the outlet port 102. The anode 14 and
clamp fingers 152 are biased to plate the substrate 20 .




During operation of this prior art system 10, non-uniform deposition
typically occurs as illustrated in FIG 2. As showmn in FIG 2, the

sem conduct or device substrate 20 has a base material 22 that can be an

i nsul ator, a conductor, or a conbination of 5 insulators and conductors
with a conductive seed |ayer 24 overlying the base material 22. Plated
material 26 is plated onto the seed |ayer 24. Note that the substrate 20 is
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figures, in V\,hpgmblnagon o the thicker portlon of the plated materTlpaE\ %6 %ear
the edge of the substrate 20 and the lower polishing rate near the
edge accentuates the nonuniformity of the plated material 26
after polishing. During polishing, too much of the underlying base
20 material 22 is removed due to non-ideal polishing selectivity or a
" ring of residual material is left around the edge of the substrate
20, where neither are desired.
Electrical robber plates are used in plating printed circuit
board substrates. The robber plate is attached to the board and is
25 destructively removed by cutting the piece of thé "board having the
robber plate.
A need exists to create a system that is either more
uniform in deposition or is capable of plating slightly more
material near the center of the substrate compared to its edges
30 to compensate for the accelerated polishing typically seen near
the center of a substrate.



referénces indicate simlar elenments, and in which: FIG 1 includes an

I Flustration of a cross-sectional view of a prior art plating system 10
FIG 2 includes an illustration of a cross-sectional view of portion of a
sem conductor substrate after a material ‘has been plated onto the substrate
using a prior art method; FIG 3 includes an3llustration of a
cross-section view of an electroplating systemin accordance with an

enbodi ment of the 15 present invention; FIG 4 includes an illustration of
a top viewof the plating head illustrating the relationship between the
substrate and the clanp structures in according with an enbodi nent of the

present invention; 20 Bridp Deschiptiohe ofathe | Drawimis on of a

cross-sectional view of a portiron of a sem conductor device substrate after
plating a material using an enbodi nent of the present invention; and FIG 6
i ncludes amg il ustr¥heopredertt inverttioreds iitlostrated by fway pdnfaékamplgsaam with
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15 present invention;

FIG. 4 includes an illustration of a top view of the plating
head illustrating the relationship between the substrate and the
clamp structures in according with an embodiment of the present
invention; _

20 FIG. 5 includes an illustration of a cross-sectional view of a
portion of a semiconductor device substrate after plating a
material using an embodiment of the present invention; and

FIG. 6 includes an illustration of a cross-sectional view of a
plating system with an anode design in accordance with another

25 embodiment of the present invention. o

Skilled artisans appreciate that elements in the figures are
illustrated for simplicity and clarity and have not necessarily
been drawn to scale. For example, the dimensions of some of the
elements in the figures are exaggerated relative to other

30 elements to help to improve understanding of embodiment(s) of
the present invention.



or cah be tailored so that slightly nore material is plated near the center
of the substrate. The system can also be nodified so that the material that
current density nodifier portions on 15 clanping structures can be renoved
wi t hout having to disassenble any portion of the head or otherw se renove
the arc- shaped electrical current density nogifier fromthe system This

I n-situ cl eaning reduces the anount of equi pnent downtinme, increases

equi pnent lifetime, and reduces particle counts. 20 FIG 3 includes
an illustration of a cross-sectional view of an electroplating system30 in
accordance with an enbodi nent of tDetgitexdteBesanipiian on. The system 30 is
simlar to system 10, however, system 30 includes clanp structures 36 with
clanmp portions 362 (cathode or second el ectrode) and arc-shaped 25

el ectrical current enew electoopladingp systemsand spracess: makas,the, and a
ring-shapeg el gdcitical CUtFéA" deli ta\bra?ﬁ“é' gemicohdiétr teviog e or second
feature, depending on e I'ment). "The clanp.stru turei 36,,are . conducti ve.
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The syst erh%30 WSM%%?@H@F%&%@%?%W@?M ﬁg”gﬁphﬁrﬁ g@’éé@{g?bgémm anp
structures 36, neat ther pdgesahibe subgiraieyi thee plating acamesmere uaiform

di ffuser 33, c ‘%Q?%‘u & 4afbred o Ihat i Mo maltis tisv plateteneal, such

gpP |
mat o7 31 s cauthie (9RBteY 1l osubsiralshy T oal el  GHS <

materi al s redu
reactions 5 WwiHdt the materiad thatutument Tdensitpdmaddifier hportiomsp ot r uct ur es

e &5 " ERR IR SRR ot I SO, Pl @ 2 o e
conduct i ve mat disasisenmblec anyaportion toft the head iy stherwise remove the arc-
shaped electrical current density modifier from the system. This
in-situ cleaning reduces the amount of equipment downtime,
increases equipment lifetime, and reduces particle counts.
20 FIG. 3 includes an illustration of a cross-sectional view of
an electroplating system 30 in accordance with an embodiment of
the present invention. The system 30 is similar to system 10,
however, system 30 includes clamp structures 36 with clamp
portions 362 (cathode or second electrode) and arc-shaped
25 electrical current density modifier portions 363{"(first feature),
and a ring-shaped electrical current density modifier 37 (first.
 feature or second feature, depending on embodiment). The clamp
structures 36 are conductive. The system 30 includes a chamber
31 with an outlet port 302, and a cup 32 with an inlet port 312
30 for receiving a plating fluid. Within cup 32, a diffuser 33 creates
more laminar flow of the plating solution (ionic liquid) 39
through the cup 32. An anode 34 (first electrode) lies between
the cup 32 and the diffuser 33. The anode 34 typically includes
the material that will be plated onto a semiconductor device
35 substrate 20.
The system 30 further includes a head 35 that has a
turntable 351 and clamp structures 36, and a ring-shaped



39. 10 FIG 4 includes an illustration of a top view of a

sem conduct or device substrate 20 being held onto the turntable 351 with
clanp structures 36. Each of the structures 36 includes a clanp portion 362
and an electrical current density nodifier portion 364. The clanp portion
362 and the electrical current 15 density m@lifier portion 364 are
conductive. The portlon 364 is at | east one nmmw der and extends at | east
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"wi der" than t88.portions 362. The ring-shaped nodifier 37 generally has a
hel ght 1@ range of@PH feiiaks’ %{nSiIIHst?rétlHH‘ éﬂape Vighnegsaln a range of

10-15mcrons I'n fier, 37.is

posi ti oned nea$emi©0m@%¢*@ﬂ' device, substrate 2 ‘Pm fhe,tusptable ; ¢
| ocat ed anyvvhe3 12{ypih clArRpC %ﬂ'u%?uﬂé%t B8een EQ@h dof thie estrGStures 86 eincided

e o 3 ARG ARACat HGAtal b EORER) oA .
tsﬁgm:m 3& al ¢ On ot'tltm \(3@648 Thet lmlampppaﬁuon rBGﬂ\earpmmgcelectneabmrrmtt bptlh
ne oL Lo e I LT, BTN,
cont ani nat i on af least pnst My  wider iand sstends atdegst onmiram Surther
toward the anode 34 compared to the part of portion 362 that lies
between the substrate 20 and the anode 34. In this particular
embodiment, the arc length of each of the portions 364 is in a
20 range of approximately 5 - 50 mm and is nominally 256 mm. The
height of each of the arc-shaped modifier portions 364 is in a
range of approximately 5 - 15 mm and is nominally 10 mm. The
thickness of each of the portions 364 is in the range of
approximately 2 - 6 mm thick. The ring-shaped modifier 37 is
25 conductive and positioned so that there is a gap i a range of
-approximately 5 - 15 mm between the structure 36 and the ring-
shaped modifier 37. Similar to portions 364, modifier 37 extends
further toward the anode 34. Modifier 37 has a circumference
that is larger than the sum of the widths of the portions 362. In
30 other words, modifier 37 is "wider" than the portions 362.
The ring-shaped modifier 37 generally has a height in a
range of approximately 5 - 25 mm and a thickness in a range of 10
- 15 microns. In one embodiment, the ring-shaped modifier 37 is
positioned near the top of the cup 32. The ring-shaped modifier
35 37 is located anywhere along the cup 32 between the diffuser 39
and the top of the cup 32. Typically the ring-shaped modifier 37
is attached to the cup 12. The ring-shaped modifier 37 can be a



bei ng  pl ated, the structures 36, ring-shaped nodifier 37 and anode 34 are
made of copper. However, in alternative enbodi nents, different nmaterials
coul d be used. The cathode (second el ectrode) for the system 30 incl udes
the clanp portions 10 362. The portions 364 and the ring-shaped nodifier
37 are types of electrical current density mglifiers for the system 30 and
are spaced apart fromthe substrate 20. A specific exanple of plating
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turntabl e 351 eperationeol the %vsieen @D,t (nam;g solution 38 Shters”the cup

32 through the inlet port 312. The plating solution includes
‘copper (Cu), copper sulfate (Cu2S04), sulfuric acid (H2S04) ,
chloride ions, such as those from HCl. The plating solution 39

20 flows past the anode 34, at which point ions from the anode 34
are dissolved into the plating solution 39. The plating solution 39
continues to flow up through the diffuser 33 to reach the
substrate 20. The plating solution 39 eventually flows over the
sides of the cup 32, down between the walls of the cup 32 and the

o5 chamber 31, and through the outlet port 302.

During the first portion of the process, the anode 34 is
conditioned by forming a copper oxide type film on at least a
portion of the anode 34, particularly but not limited to the
portion of the anode 34 directly facing the structures 36. After

30 conditioning, additives are added to the solution 39 before a
semiconductor substrate contacts the plating solution 39.

A conductive seed layer is formed over the primary surface
(device side) of substrate 20. In this example, the substrate 20
is a circular wafer. The conductive seed layer 24 promotes

35 plating onto the substrate 20. The conductive seed layer 24
typically includes a refractory metal containing material, such as
titanium, tantalum, titanium nitride, tantalum nitride, and the



portions 362 of the structures 36. The head 35 is then |l owered such that a
portion of the structures 36 and the seed layer 24 is 5 in contact with
the plating solution 39. Caution should be exercised to keep the backside
(unexposed) surface of the substrate 20 from contacting the solution 39.
During plating, the anode 34, structures 36, And ring- shaped nodifier 37
are biased to deposit a layer 56 of plating 10 material. Al though the
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eposi ted such that Lh€ad' 4158 He' Any WAL inSdifier 37. The biasing
conditions can be held substantially constant during plating or
20 varied over time (i.e., pulsed (square wave), sawtooth, sinusoidal,
or the like). As used in this specification, biasing does not
include electrically floating that component but can include
placing one of the system components at ground potential.
For either embodiment, biasing the structures 36 and the
25 ring-shaped modifier 37 help reduce the current density at the
edge which in turn reduces the plating rate near the edge of the
substrate 20 compared to if no electrical current density
modifiers are used. The plating occurs until a desired thickness
of the plated material 56 is formed. In one embodiment, this is
30 typically in a range of approximately 6,000 - 15,000 angstroms.
Unlike the prior art, the thickness of the plated material is more
uniform or can-be slightly thicker in the middle of the substrate
20 as illustrated in FIG. 5. Note that in FIG. 5, the substrate 20
has been turned over so that the plated material 56 faces the top
35 of FIG. 5. The potential on the electrical current density
modifiers are adjusted to achieve the desired uniformity results.
Layer 56 can be deposited such that the difference in thickness of



8 the | ayer 56 over the centerpoint and a point within ten mllinmeters from
t he edge of the substrate is no nore five percent of the thickness of |ayer
56 over the centerpoint. During plating, the operational paraneters except
those as expressly 5 stated are those that are conventionally used in the
art. The electric current density nodifiers d@&nnot be destructively renoved
fromthe substrate 20 as is done with the prior art thieves that are in
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conditioning wil T agR" ofsiiig, procdssing i Perdrmisd’ & form a
substantially completed device. Steps can include chemical-

20 mechanical polishing the layer 56, forming additional insulating
and interconnect layers, if needed, and forming a passivation
layer over the uppermost interconnect layer. If the layer 56 is
used for solder bumps, layer 56 has a thickness over the
centerpoint of the substrate that is in a range of approximately

25 40 - 160 microns and is patterned by etching. '

After the plating is completed, a different substrate can be
plated or the structures 36 can be cleaned by removing at least a
portion of the plating material that is deposited on structures 36
when the plated layer 56 is deposited on the substrate 20.

30 Cleaning can be accomplished different ways. In one embodiment,
the cleaning can occur by biasing the structures 36 at a more
positive potential compared to the anode 34. In still another
embodiment, the structures 36 are biased at a more positive
potential compared to the ring-shaped modifier 37. In this

35 particular embodiment, the anode 34 electrically floats. If the
anode 34 electrically floats, the film that is created on the anode
34 during conditioning will remain essentially undisturbed during



9 the cleaning process. If the anode 34 is not allowed to float, the film
shoul d be affected and will need to be conditioned. After the cleaning
step, additional substrates can be processed. The system 30 can al so be
used to plate other materials 5 including gold and nickel. Additionally,
the system can be used to deposit alloys. ForQ exanpl e conductive bunps used
I n sem conductor devices for ball grid arrays. The conductive bunps

typically includ | ead-ti | |

P58 vai o, Hadelaning iaves oif thE HapdE 4 8ot RI0htr I8 Hed, e,

H}n i st rr})lre r efileh Ishmilddbeealffechepbaad will | reed tohbeanoudltmmeﬁhoud\ﬁecdhpru se
e metallic

metallic el ema#l?gﬁ@% éi& a%é]ﬁéﬁg%%@@s&%t&é'g%ﬁ ngm)lctaf%% a?t gE eIrati ng

substr at es. I n thi sTbarSYSiemaBQ canaalse, b@hﬁsﬁﬁoﬂk Pﬁites ﬁ@ﬂﬁrdm aferi tin

but not | e re di‘aélu gbm afd ARKel] Oﬂ\cﬂi’ndﬁélly,'ﬂ@ eyStdraaganrise tuged robot h

I t al d The d
parti cul Vans Fr SRAIPIR FandHttYe: UM, HRRY 7L Pon and

particul arl y
bi asi ng condi tsam?cdndudtbﬂ davides F6r ball upridrasags, Theé conductiiepeumps

2oy can: havaBIGHINEIBRRER B IGRetY AlSY. o LBES Haf af pdHatbR°pBterial The
~ continuousl y) abmio$26i volts,| andt tihl haaoamemXIdatJom pgt&ntlalm?/s-)ﬁslaﬁq 30 is
ihed 10 198OS Thatdipte SHCH Afbid vgaa@gedx.aiz%ooebﬂq igrRahabaal e e |

this application

t her ef or e, thealégﬂgt3€lt%h9'®|daﬁv@"§?rﬁﬁ:ttbﬁe§1@§ ﬁr&gait HE AWY8e and
what used to bl%édl Wﬁe%ahwﬁm&h@h@m@t hﬁd@.lhd} nelementranDehietwise,

The present 1 riféh W 34 5l Bhdioz Pl HhelpldhtE BB, | R She
engoglh reTent rtIthpaﬁtgculat instance, athe emdidei 84 shotld lincludeetinl bup noir teashs 362
o the i Sip: PHEE STHREALS0 WALl 104 438y ReoBES dhoried
conponent s. I n(redueed} nand i ionic s(OXtdiéG¢))r&ta'tﬁ$s 3bhe depesitionnparamedersached
to the particularly concentrations of lead and tin in the plating solution
and biasing conditions for the anode 34, structures 36, and ring-
shaped modifier 37, can be changed to modify the composition of
20 the alloy. The alloy can have a substantially uniform or graded
(discretely or continuously) composition.

In still another embodiment, the system 30 is used to
deposit other electroactive materials onto the substrate 20. In
this application, the material would be negatively charged, and

25 therefore, the substrate 20 and structures 36 now becomes the
anode and what used to be the anode 34 becomes the cathode. In
this manner the current direction within the plating solution 39
is essentially reversed.

The present invention includes other embodiments. In one

30 particular embodiment, the structures 36 are modified such that
the clamp portions 362 and the portions 364 are separate pieces.
In this case, the portions 364 and the clamp portions 362 are
attached to the turntable as individual components. In other
embodiments, the portions 364 are permanently attached to the

35 clamp portions 362 or be a removable portion that could be taken
off the clamp portions, from time to time.



35 clanmp portions 362 or be a renovable portion that could be taken off
the clanp portions, fromtine to tine. 10 During plating, the structures
36 can be conpletely or partially submerged within the plating solution 39.
The shapes of one or both of the electrical current density nodifiers
shoul d match the shape of the edge of the subh@trate 20. For exanple, the 5
portions 364 are arc-shaped portions, and all points along the inner edge

Substrate 20 11"t n2aCip, PIENHES Y STUOPIES 36, cdh e UodipRBRESE "7 LN
ar c- shaped nodpartiallypsubmergedowithinathe iplatingegsigkdionaddag '?he gshapes 0t 20
and are 10 SUuGab gt oty ob A Idtectrital "GurtBht SfIe) HodHiikRs OshblRy

substrate 20. ernative desig h fier 37 are_ al so

possi bl e. | n onateh dhgoshapetof thﬂw@qg%efst{ilﬁggﬁ” f 26? or SXanRle. e e

el Ude cast ol S DO o g g e fou! ¢
atj.ng_s | pw

bet ween the cal¥&r| 3898 @Bgtggsgnar%'ﬁhaﬁﬁdtol‘?@rhﬁﬁsSQ.éEI%P%]rﬁ?i'@m&réﬂﬁéﬁy t he

plati ng Sogut i equéP distamcesi froovrthec substrate H20.upifethe subsiratef 20his

ri ng- shaped no i S t i .

segnent eg ri ng%é‘%?éa?%o VJ'%d?W@:’“&EﬁJ”&@ #%ﬁf;gﬁgt Wﬂgf n?? 'z'it}O so a

pLev: gug embodwouild have: inmeip edges: facing rilies pupstrate &G e 8ve general |y

shou e 4abo ,

SHoug Sug?tbr;%léﬁggnifdgﬁt R’;aréﬂél ¢gPthe? . coWeSpoding @dge it e Ssubstrateane

_ case of a circular substrate 20, the
ri ng- shaped mo@Pfier 37 and the cup 32 have circular 25 shapes. If the

Slubst L ate 20 is relcmewénéﬂve désigﬁs_nlgosfthpecﬁrrg;dhaped Aiodifiert 32 arp 32
oo e o B BesB I, i oSS 88, FRGH et neRifer 2T, o
segment Sf t heexterglss abpwe theditdp cof the cup 82s Eppax;mplfe, 3be tibg@hﬂp_&da
Aot “DondB o mOeE 8y ol fQ8eS ARREBE biiog thd B 1 phh e
the | ower port$solution 39 to flow between the castellated edges and out o the
cup 32. In this manner, the plating solution 39 is not in contact
with the upper portion of the ring-shaped modifier 37. This
would be most likely to be used if a segmented ring-shaped
20 modifier would be used for plating. Similar to a previous
embodiment, the shape of the ring-shaped modifier 37 generally
should be about the same as the cup 32, which generally matches
the shape of the substrate 20. In the case of a circular substrate
20, the ring-shaped modifier 37 and the cup 32 have circular
25 shapes. If the substrate 20 is rectangular, the fing-shaped
modifier 37 and the cup 32 also have rectangular shapes.

In still other embodiments, only portions of ring-shaped
modifier 37 are conductive. In one particular embodiment, one
segment of the ring-shaped modifier 37 has its upper half

30 conductive and an adjacent portion of the ring-shaped modifier 37
would have its lower half conductive. In still another
embodiment, all the upper portion or all the lower portion or any
combination thereof is conductive. In any event, the positioning
of the ring-shaped modifier 37 should be made such that the

35 uniformity of plating is optimized.

The system 30 can be operated with only the structures 36
or the ring-shaped modifier 37 as the electrical current density




conbi hation thereof is conductive. In any event, the positioning of the
ritng-shaped nodifier 37 should be nmade such that the 35 wuniformty of
plating is optim zed. The system 30 can be operated with only the
structures 36 or the ring-shaped nodifier 37 as the electrical current
density nodi fiers. The use of both electrifdal current density nodifiers
I ncreases the ability to better control the electrical current denS|ty

hi cknens of | imodifiateld’ T Lesf ot BOE, leffilidibuBERS, 4N mtbhfehs! O 1,
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possi bl e. Igh t8gbEaaeeoPng speC| f i cation, the i nvention has been descri bed
with reference to specific f ordln Skl

the art appreciat esil gt 0@ Sﬂse F'W%Ef Qﬂaecﬁ ﬂﬁ%s‘:% h@d
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nodi fi cati ons apeat B8 &nape geni mis angq& qw nt

nventi on nct th
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A Brocess, or OEPSEbany el HF ang ST bACiIEE, el VEHOR SrBRIREATIAS

and changes can be made without departing from the scope of the

15 present invention as set forth in the claims below. Accordingly,
the specification and figures are to be regarded in an illustrative
rather than a restrictive sense, and all such modifications are
intended to be included within the scope of present invention. In
the claims, means-plus-function clause(s), if any, cover the

20 structures described herein that perform the recited function(s).
The mean-plus-function clause(s) also cover structural
equivalents and equivalent structures that perform the recited
function(s).



5 ’ a first electrode; a second el ectrode mm”lu I ﬂllnmltct ed
to the substrate, wherein: the second el ectrode |ncIu3 mu]l and
el ectrical current density nodifier portions; 10 dach of
the electrical current density nodifier portions lies closer to the first

el ectrode conpared to its corresponding clang2portion; and an ionic |iquid,
wherein the ionic liquid contacts the first el ectrode, the second

el ectrode, the substrate; 15 biasing the first electrode to a first
potential and the second electrode to a iﬁqond potential to deposit the

| ayer of material on the substrate, wher e first potential is

di fferent fronlthe second potential; and renoving the substrate fromthe

| ati t I
pl ating systemy eaé'h cgget Eéerog%g%sﬂfn aa'layér othaiReAal 'ovey U SdilsdtPateas a

circul ar shape an tric rent density nodifier portions
has an arc 5shape. GoMprising Jbes $tePs Pfi m 1, wherein during biasing, the

layer is deposited pkmiing fre Séutmraﬁb Mteser plating csystem dhcludingubst rat e
to a first thickness and _over, a second point closer to an edge of

the substrate to a seconf FRPE%'H&S that is no more than the first
t hi ckness. 13 4. The pr firstelettrodai rwuthimmheeicnntalmrpl ating system

further includes a condu t canacsﬁ%{.@qé geﬁ g}"c‘bfnrfe'&?ea' oslth&! ect r ode,

t he second el ectrode, e subs ferring at east a
portion ofi@ he | ayer of rrat eSUbBtlfartgmthe second 5 el ectrode to

the conductor after renoy Fgsf heafitlStiat s fd asbridctdl aor 2 %Iééﬁ»’maw The
process of claim4, wherein ur| ﬁg transferrlaﬁ the, first ﬁ' e(f#l;ﬁf)
electrically floats. 10 6. A ﬁf‘ﬁ ssurgnty mediier, g Qer%'y 81 eri al
over a substrate conprising: fgatagierng t he substrate into a pI ating system

the substrate; 1o o oo i€ SHERE aPSFF Ho R fEhte fivh é?%"?@%%f% ih”
of the subtBrate, the has a width wider than a W|dth of the second
electrode; and
extends further towards the first electrode
compared to the second electrode;
an ionic liquid, wherein the ionic liquid contacts the
20 first electrode, the second electrode, the
substrate, and the first feature;
placing the first electrode at a first potential, the second
electrode at a second potential, and the first feature at
a third potential, wherein: |
25 the layer of material is deposited orr the substrate;
and
the first potential is different from the second and
third potentials; and
removing the substrate from the plating system.

30
2. The process of claim 1, wherein the step of placing the first
electrode at a first potential comprises a step of placing the
first electrode to the first potential, the second electrode to
the second potential, the first feature to the third potential,
35 wherein the second and third potentials are substantially a
same potential.



first el ectrode, and the second el ectrode; and an ionic j\pgEl ' he
lonic liquid contacts the first el ectrode, the second e||!lmmmulmmln”“r
substrate, and the conductor; biasing the first electrodetté atfi¥sts *
potential and the second el ectrode to 20 a second potential,
wherein: the |layer of material is deposited 4@ the substrate and second

el ectrode; and the first potential is different fromthe second potential;
renoving the substrate fromthe plating system and 25 transferring
at least a portion of the layer of material fromthe second el ectrode to
the conductor.3. The7protesspobceiaimol, whereis, thenstep rof: placingr thendirst

conpri bi as] . . : h
el ec'[lrzgz tl)azl Pguér_ltgﬁt po¥ e[rﬁqi §|rf.'@ Bgféﬂﬂéel E?g?g?s ofaacryligf) Sffsigﬁem \}\?lgrei n
transferring conpriitsdselacteade cta thes figsl potential, ¢ th%tsm;?! r@lgstrogle fae

process of gl ai m GhaYRINY Potentiaf Ot ikt fetare staoane ohird petshtidl)
the conductor is S‘E)’ﬁced. apart fromthe head; placing the substrate into the

plating system furVR&M®I™c| udes: nounting the substrate onto the head; and
~contacting the headthe tfirstheseécorid; knduihird 1poteriialsTaee pdifferent of cl ai m 6,

wherein the second el ecfLi ur t density nodifier includes a
ri ng- shaped conductor. Q{I{ec@%gbcé@@ for depositi r%g a_|layer of materi al
e

over a sem conduct othelesecand uprtentiat linsnhetwean first’ and ghifdng a seed
| ayer overyq he senmi CO”dHEFQﬁtiQ%’J ce substrate; placing the sem conduct or
device substrate into a plating systemincluding: a first electrode; a
second el ectrode electrically connected to the sem conductor 25

devi ce substrage; Théi prdcedscofrdlaith tuwhrsteirfidhei steprofiplacing the i s
spaced apart by a dislange {imphisds SE5ioRIY ThY" stibktrafe SHAVNG ah ofgd & "
near the first feature that has a shape similar to a portion of
15 the edge.

5. The process of claim 1, wherein the step of placing the first
electrode at a first potential comprises generating a pulsed
potential difference that varies periodically over time. -

20
- 6. The process of claim 1, wherein the first electrode has a
cross-section that is at least partially conical in shape.

7. The process of claim 1, wherein the step of placing the first
25 electrode at a first potential deposits the layer over a first
point closer to a center of the substrate to a first thickness
and over a second point closer to an edge of the substrate to a
second thickness that is no thicker than the first thickness.

30 8. The process of claim 1, further comprising a step of removing
at least a portion of the layer of material that is deposited
onto the second electrode during the step of placing the first
electrode at a first potential, wherein the first feature is
placed at a lower potential compared to the second electrode.

35



the first electrical current density nodifier has a fi rﬂmlu/mmnlulmﬂﬁm
15 a second electrical current density nodifier spaced

seni conduct or device substrate and the first electrical &urtert dendity
nodi fier, wherein the second electrical current density nodifier has a

second type of shape that is 5 14 different fromthe first
type of shape; and an ionic liquid, wherein the ionic liquid contacts the

first electrodg, t S el.ec e 6@@9 galy hC %P?iﬁ te,
the first and Q'econ eﬁec rlscgi? %Iéir?_ﬁe%t tfg@ﬂ??[@ qiléﬁgr%; ﬁtaglf ng 'é&
first electrode tdhe isubstratet andi first electeedentelative: o Rach Pther

the first el ectric@liring’ fHistéfnet plaby the' fikst aléctfedel potential, and
the second el ectri cal gurrent gensieiy nodifier to a third potential to
deposit the |ayer of material on the sem conductor device substrate,

wher ei n thﬁs finet 'Dngeptdédssi of otblhfm[) ¢ntwriewfimtﬂhe steprof placingi the first 1
renovi ng the sem conduct por deyj ce,. r t Sygt . :
The process of cl a&ﬁcg'%d)q Lﬁq‘t ?ﬁé& g%ﬂpﬁ?’i&f\ ltlg%:as#gg&r ﬁhg %reﬁtﬁ@tﬁéﬁion
of the layer of nethatiis air alloyhinaledingd aelfizst moetallio elementisandna of the
first and second e i C i didigut i a | wawbstrate
fromthe plating sy%?éa'ﬁr? %tggﬂ?.ﬁ!é procyggg Q’fgélr%r@gﬁbmgtrﬁgﬁ"?ﬁe first
el ectrode is el ectmedallio, elesaenhg during transferring. 14. The process of
claim 11, erein the second electrical current density 25 nodi fi er

I ncludes a ring-s ed conductor. 15, rocess for depositing a | ayer of
material over g1s%§?rﬂf@%ﬁfig?m:1¢0 %{&'%tESeﬁqungrl}"@& 9t he
substrate; provi di cgmprisesulplaciage that substrats iintp sthet plaiing | system, 16 a
first el ectrode; :

wherein:
the first electrode comprises the first metallic element and
15 not the second metallic element;

the first metallic element has a higher oxidation potential
compared to the second metallic element; and
the ionic liquid includes ions of the second metallic

element.
20 ,
12. The process of claim 1, wherein the substrate comprises a
semiconductor device substrate.
13. The process of claim 1, wherein the first feature has a ring
25 shape and is attached to the container.

14. The process of claim 13, wherein the first feature is
segmented. '

30 15. The process of claim 1, further comprising a step of rotating
the first feature with respect to the first electrode during
the step of placing the first electrode at a first potential.



a second el ectrode structure that is part of a head; a ri n m“
conductor spaced apart fromthe substrate, the first elecaﬂ“ﬂ ﬂﬂﬁ "M"l"“"-
head, wherein none of the ring-shaped 5 conductor”li%®es *
directly between the substrate and the first electrode; and an ionic
liquid, wherein the ionic liquid contacts th#bfirst electrode and the

ri ng-shaped conductor, wherein the ring-shaped conductor is conpletely

subnerged withja t ([eTeT LOAd ias sqounting the substrate onto
t he head, wherjlmé'n hee ?e]'ggﬁgéyegia#%ﬁg’svw(aﬁlﬁ?e contacts the substrate;

contacting the headth@ tplating system| fuither comprisps a wecand Jeafyrg dhat

contacts the second e'i,§¢éﬂ5é’é@d sapavtt f#tbfh ahe BObstrabs tamd ethebifirst Heature;
first electrode to a first potential and the second el ectrode 15

structure to a second ential to deposit the layer of material on the
substrate, saherei n thee process piertheri eomipristis’ Bestep dfr remoling etoleasthar d

rocess of claim 15, iRsHaR, B e ﬂf{tjﬁ?ﬁ?&@eyﬁéﬁﬁéK%éﬁiibéé?gaﬁéig and
a length; the thicknedirst sfaeatuser by ieleatritallyctfleatirgbthenfirst 1glegtrode, el
to a primary surface Oc{nd yggw&sgﬁ‘fx;&cdw

: ! : dl
direction substantially u to the

4 ri
of the substrate: and firgt paigptial jand;tha: second feakiwre I"ﬂtc%n%é@
10 potential that is lower than the first potential, wherein

this step is performed after the step of removing the
substrate.

e andTMEYRAtIR &t a
lflrgr y surface



