1 Electroplating Head and Method for Operating the Same 5BACKGROUND OF THE INVENTION
[0001] In the fabrication of semiconductor devices such as integrated circuits, memory cells, and the
like, a series of manufacturing operations are performed to define features on semiconductor wafers.
The semiconductor wafers include integrated circuit devices in the form of multi-level structures
defined on a silicon substrate. At a substrate level, 10 transistor devices with diffusion regions are
formed. In subsequent levels, interconnect metallization lines are patterned and electrically connected
to the transistor devices to define a desired integrated dircuit device. Also, patterned conductive layers
are insulated from other conductive layers by dielectric materials. [0002] The series of manufacturing
operations for defining features on the semiconductor 15 wafers can include an electroplating process
for adding material to the surface of the semiconductor wafer. Conventionally, electroplating is
performed in a compleiBleeteoplating Headoaoud Mathod for Odperatieg shiendanw in an
electrolyte. During the conventional electroplating process, the wafer is maintained at a negative
potential with respect to a positively charged anode plate, wherein the anode plate is substantially
equal 20 in size to the wafer. The anode plate is also submerged in the electrolyte and maintained in
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10  transistor devices with diffusion regions are formed. In subsequent levels, interconnect
metallization lines are patterned and electrically connected to the transistor devices to
define a desired integrated circuit device. Also, patterned conductive layers are insulated
from other conductive layers by dielectric materials.

[0002] The series of manufacturing operations for defining features on the semiconductor

15  wafers can include an electroplating process for adding material to the surface of the
semiconductor wafer. Conventionally, electroplating is performed in a complete wafer
electroplating processor with the entire wafer submerged in an electrolyte. During the
conventional electroplating process, the wafer is maintained at a negative potential with
respect to a positively charged anode plate, wherein the anode plate is substantially equal

20  in size to the wafer. The anode plate is also submerged in the electrolyte and maintained
in a position proximate to and parallel with the wafer.

[0003] During the plating process the wafer acts as a cathode. Thus, the wafer is required
to be electrically connected to a number of electrodes. The number of electrodes are
required to be uniformly distributed around a perimeter of the wafer and have

25  substantially matched contact resistances in order to achieve a uniform current
distribution across the wafer. In the complete wafer electroplating processor, a non-
uniform current distribution across the wafer can result in a non-uniform plating thickness
across the wafer.

[0004] While the conventional complete wafer electroplating processor is capable of

30  depositing material on the surface of the wafer, there is an ever present need to continue



researching and developing improvements in electroplating technology applicable to material
deposition during semiconductor wafer fabrication. SUMMARY OF THE INVENTION [0005] In one
embodiment, an electroplating head is disclosed. The electroplating head 5 includes a chamber
having a fluid entrance and a fluid exit. The chamber is configured to contain a flow of electroplating
solution from the fluid entrance to the fluid exit. The electroplating head also includes an anode
disposed within the chamber. The anode is configured to be electrically connected to a power supply.
The electroplating head further includes a porous resistive material disposed at the fluid exit such that
the flow of 10electroplating solution is required to traverse through the porous resistive material. [0006]
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includes a wafg,auppERRfigHIGH e Holf-Bnaies: TheAPRAIAINSAISo includes an electroplating
head configured to be disposed over an upper surface of the wafer to be held by the wafer support.

The electroplating head is configured SIMMARYAQFCEHESINVENEIONined to be substantially parallel
with and proximate to an upper surface of the wafer. The processing area is defined by a long
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causes the catians équae ot Aciatier brempparsuiidcesabihaiwaiSion that is less than the diameter
of the wafer. The processing area is further defined as an exterior surface area of a porous
resistive material. The apparatus further includes a first electrode disposed at a first
20  location proximate to a first peripheral half of the wafer support. The first electrode is
movably configured to electrically contact the wafer to be held by the wafer support.
Additionally, the apparatus includes a second electrode disposed at a second location
proximate to a second peripheral half of the wafer support that is exclusive of the first
peripheral half of the wafer support. The second electrode is movably configured to
25  electrically contact the wafer to be held by the wafer support. The electroplating head and
the wafer support are configured to move with respect to one another in a direction
extending between the first electrode and the second electrode, such that the
electroplating head can traverse over an entirety of the upper surface of the wafer when
the wafer is held by the wafer support.
30  [0007] In one embodiment, a method for operating an electroplating head is disclosed.

The method includes an operation for disposing an electroplating head over and



10 [0008] Other aspects and advantages of the invention will become more apparent from the
following detailed description, taken in conjunction with the accompanying drawings, illustrating by way
of example the present invention. BRIEF DESCRIPTION OF THE DRAWINGS [0009] The invention,
together with further advantages thereof, may best be understood 15by reference to the following
description taken in conjunction with the accompanying drawings in which: Figure 1 is an
illustration showing an electroplating head disposed over a wafer, in accordance with one embodiment
of the present invention; Figure 2 is an illustratiod showing an isometric view of the
electroplating head of 20 Figure 1, in accordance with one embodiment of the present invention;
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continuation of the electroplating process depicted in Figure 3A, in accordance with one embo
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is an illustration showing a continuation of the electroplating process depicted in Figure 4A, in
accordanée wishréise ehthodisientlditheeihakanthaviiedes an operation for establishing an electric

current between the anode and the upper surface of the wafer through the electroplating
solution. The electric current is uniformly distributed by the porous resistive material
present between the anode and the upper surface of the wafer. Also, the electric current
causes the cations to be attracted to the upper surface of the wafer.

10 [0008] Other aspects and advantages of the invention will become more apparent from
the following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention, together with further advantages thereof, may best be understood
15 by reference to the following description taken in conjunction with the accompanying
drawings in which:
Figure 1 is an illustration showing an electroplating head disposed over a wafer, in
accordance with one embodiment of the present invention;
Figure 2 is an illustration showing an isometric view of the electroplating head of
20  Figure 1, in accordance with one embodiment of the present invention;
Figure 3A is an illustration showing the electroplating head being applied in an
electroplating process, in accordance with one embodiment of the present invention;
Figure 3B is an illustration showing a continuation of the electroplating process
depicted in Figure 3A, in accordance with one embodiment of the present invention;
25 Figure 4A is an illustration showing the electroplating head being applied in an
electroplating process, in accordance with another embodiment of the present invention;
Figure 4B is an illustration showing a continuation of the electroplating process

depicted in Figure 4A, in accordance with one embodiment of the present invention;



4 Figure 5 is an illustration showing an arrangement of wafer surface conditioning devices
configured to follow the electroplating head as it traverses over the wafer, in accordance with one
embodiment of the present invention; and Figure 6 is an illustration showing a flowchart of a
method for operating an 5 electroplating head, in accordance with one embodiment of the present
invention. DETAILED DESCRIPTION [0010] In the following description, numerous specific details are
set forth in order to provide a thorough understanding of the present invention. It will be apparent,
however, to one skilled in the art that the present inverffion may be practiced without some or all of 10

these specific details. In other instances, well known process operations have not been described in
detail in order not to di&EEe3daAR HHsHaHO I PIERE i MFEREsMe oA 1Y MigfubBriass SANALIPAESN
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surrounding wafieorfianee WithsHis ten bedappré eftfecirisaeth B seitsuaity walls 101 can be defined in
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main chamber 105 includes a fluid entrance 111 and a fluid exit 112. A fluid supply 113 is attached to
the fluid edtrarsdectroplatngibpid. aleatcopllating wolution aobhdimeih dHampresao 30 TGSONduring
operation the main chamber 105 is configured to contain a 20 flow of electroplating solution from the
fluid entrance 111 to the fluid exit 112, as DEEAREDVDESVRIBUION012] The electroplating head 100
also includes a first anode 115A and a second anode 115B disposed within anode chambers 105A
and 105B, respgsiyely- faabipfihe.anadapdnAdheR s cpafigerasindereleatricallyirosageted to a
power supply as indicated by a 25 positive polarity 117. A shape and an orientation of each anode
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in various ways within the electroplating head 100, it is desirable to establish the anodes 115A/115B
and assodiatedhgsodeceintiserds1 3B Athos Mitacetantd} ngevpilprocess operations have not been

described in detail in order not to unnecessarily obscure the present invention.

[0011] Figure 1 is an illustration showing an electroplating head 100 disposed over a
wafer 307, in accordance with one embodiment of the present invention. The
electroplating head 100 includes a main chamber 105 formed within surrounding walls
15  101. It should be appreciated that the surrounding walls 101 can be defined in either an
integral manner or as a combination of appropriately fastened and sealed components.
The main chamber 105 includes a fluid entrance 111 and a fluid exit 112. A fluid supply
113 is attached to the fluid entrance 111 to supply electroplating solution to the main
chamber 105. Thus, during operation the main chamber 105 is configured to contain a
20 flow of electroplating solution from the fluid entrance 111 to the fluid exit 112, as
indicated by arrows 301.
[0012] The electroplating head 100 also includes a first anode 115A and a second anode
115B disposed within anode chambers 105A and 105B, respectively. Each of the anodes
115A/115B is configured to be electrically connected to a power supply as indicated by a
25  positive polarity 117. A shape and an orientation of each anode 115A/115B within its
respective anode chamber 105A/105B can be defined in a number of different ways.
Though the anodes 115A/115B and associated anode chambers 105A/105B can be
configured in various ways within the electroplating head 100, it is desirable to establish

the anodes 115A/115B and associated anode chambers 105A/105B in a manner that will



5 provide a substantially uniform distribution of cations throughout the electroplating solution within the
main chamber 105. [0013] In one embodiment, the anodes 115A/115B are disposed with their
respective anode chambers 105A1105B in a vertical orientation. The vertical orientation of the 5
anodes 115A/115B enables natural circulation of an electroplating solution present within the
respective anode chambers 105A/105B. The natural circulation can be induced by gravity acting upon
particulate materials released from the anodes 115A/115B during the electroplating process. Also, it
should be appreciated that the vertical orientation of thé anodes 115A/115B corresponds to a
perpendicular orientation of the anodes 115A/115B 10with respect to the wafer 307.ﬁ£0014] During the
electroplating PrO¥Es 2andRdapEmhz Ao uRndbrEh i PE oMby fhrecsraisdiavrigciserl ditgse
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salts cause the anode to be insulated from the surrounding electroplating solution. The
anode polarization effect is generally associated with exceeding a critical current flux
15  during the electroplating process. As the precipitated salts proceed to insulate the anode,
decreasing areas of uninsulated anode become responsible for providing an increased
current flux. As the current flux increases at the uninsulated anode areas, a precipitate
cascade results in a shut-down of reactions at the anode.
[0015] The vertical orientation of anodes within the anode chambers, as previously
20  described, provides for mass transfer within anode chambers via natural convection, thus
resulting in circulation of the electroplating solution within the anode chambers. The
circulation of electroplating solution within the anode chambers prevents adhesion of
precipitated salts to surfaces of the anode. It should be appreciated that the vertical
orientation of each anode within its respective anode chamber, as provided by the present
25 invention, avoids electroplating head design complexity, electroplating process
complexity, and increased expense associated with having to mechanically circulate
electroplating solution in order to reduce deposition of precipitated salts on the anode.
Also, due to the reduction in salt deposition on the anode, the vertical orientation of each
anode allows for an increase in a maximum allowable current flux.
30 [0016] While the embodiment of Figure 1 shows the electroplating head 100 as including
two anodes 115A/115B and associated anode chambers 105A/105B, it should be



appreciated that in other embodiments the electroplating head 100 can include one or more anodes
and associated anode chambers. Use of more anodes serves to increase current flux to the cathode,
i.e., the wafer 307. [0017] With respect to Figure 1, each of the anode chambers 105A and 105B is 5
configured to be filled with electroplating solution. However, the electroplating solution within each of
the anode chambers 105A and 105B is separated from the main chamber 105 by a membrane 109A
and 109B, respectively. For discussion purposes, the electroplating solution within the anode
chambers 105A/105B is referred to as analyte. Also, tHe electroplating solution within the main
chamber 105 is referred to as catalyte. In 10 various embodiments, the analyte present within the
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main chamber 105. Also, the incompressibility of the anode chambers 105A/105B allows a pressure
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pass from the anode chambers 105A and 105B, respectively, to main chamber 105, as indicated
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additives by the anode is particularly problematic in the Presence of copper (Cu) metal.
without causing distortion of the membranes 109A/109B.
[0018] During operation, each membrane 109A and 109B is defined to allow cations to
20  pass from the anode chambers 105A and 105B, respectively, to the main chamber 105, as
indicated by arrows 303. Also, the membranes 109A/109B are configured to prevent
passage into the main chamber 105 of materials, e.g., particles and gases, from the anode
chambers 105A/105B that could be detrimental to the electroplating process. In one
embodiment, the membrane 109A/109B is defined by a fluorocarbon material. Also, in
25  one embodiment, the membrane 109A/109B is defined to have a pore size, i.e., average
pore diameter, within a range extending from about 0.2 micrometer to about 0.05
micrometer. The pore size of the membranes 109A/109B is sufficient to allow passage of
cations from the anode chamber 105A/105B to the main chamber 105, without allowing
passage from the anode chamber 105A/105B to the main chamber 105 of particulate

30  materials generated by anodic reactions. Therefore, using the membranes 109A/109B to

separate the analyte from the catalyte, as provided by the present invention, avoids



10 The membranes 109A1109B of the present invention, however, serve to prevent these key organic
additives present in the catalyte of the main chamber 105 from mixing with the analyte or being
exposed to the copper electrodes in the anode chambers 105A1105B. Thus, due to the membranes
109A1109B, the key organic additives are not exposed to the anodes 115A/115B. Also, since the
catalyte chemistry and the analyte chemistry can be 15 separately controlled, a concentration of the
key organic additives in the catalyte can be more closely controlled. [0020] Further with respect to
Figure 1, the electroplating head 100 also includes a padrous resistive material 119 disposed at the fluid
exit 112. The catalyte within the main chamber 105 is required to traverse through the porous resistive
material 119 iPEIEMD BAAEDGIRISEGNEENG IS EHUPLIE ket BBrBeESSRTY ieanods tadhmdiated by
arrow 301. ThegacRRSINERAGAARL [frolelined by a lower surface of the porous resistive material 119.
During operation, the processing area 201 of the electroplating head 100 is positioned over, proximate
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meniscus 305 between the processing area 201 and the upper surface of the wafer 307. Thus, the
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material 119 serves to provide a more uniform material deposition across the wafer surface.

more closely controlled.
[0020] Further with respect to Figure 1, the electroplating head 100 also includes a porous
resistive material 119 disposed at the fluid exit 112. The catalyte within the main chamber
105 is required to traverse through the porous resistive material 119 in order to exit the

20  electroplating head 100 at a processing area 201, as indicated by arrow 301. The
processing area 201 is defined by a lower surface of the porous resistive material 119.
During operation, the processing area 201 of the electroplating head 100 is positioned
over, proximate to, and parallel with an upper surface of the wafer 307 to be processed.
Cation laden electroplating solution, i.e., catalyte, exiting the electroplating head 100 at

25  the processing area 201 forms a meniscus 305 between the processing area 201 and the
upper surface of the wafer 307. Thus, the meniscus 305 essentially represents an
electroplating reaction chamber defined by the processing area 201 of the electroplating
head 100 and a distance between the processing area 201 and the wafer 307. In one
embodiment, meniscus confinement surfaces 311 can be incorporated to assist in

30  maintaining the meniscus within the region directly below the processing area 201.

Essentially, the meniscus confinement surfaces 311 represent one or more surfaces that



15 [0022] In various embodiments, the porous resistive material 119 is defined as a porous ceramic, a
porous glass, or a porous polymeric material. In one embodiment, the porous resistive material 119 is
defined as aluminum oxide (Al203). In one embodiment, the porous resistive material 119 is defined to
have a pore size, i.e., average pore diameter, within a range extending from about 30 micrometer to
about 200 micrometers. It should 20 be understood that the porous resistive material 119 of the
present invention can be defined by any material capable of providing sufficient throughput of
electroplating solution and sufficient pore/solid ratio to §rovide the required effective resistivity that
yields electric current distribution uniformity. [OOZ%]lFigure 2 is an illustration showing an isometric

view of the elettiepfatiistpheds 2orotsveritred linAeutdascy Hith e embasibsioithdhsresent
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anodes 115A/115B through the surrounding walfs without leakage of analyte from within the

associated andd&AHdHbendalso W EHGUIZ: ve iodigpseddrateciesati epakiotie S0 SIS clentie
configured to pEREHAR tioughing %‘éi(%%é’ﬁd g Walla L0 Al e5saptially;afy. Iagafionsgs nagegsary to
interface with surrounding equipment and structure. Furthermore, the electroplating head 100 can be
configured to alevireplatiegtioriwidhe(farrdyseipply bhdlgeyvaihblelogations s hesessamdid interface

with surrounding equipment and strycture. [0024 revious entioned, the ' rea 201 is
Heined by e g e L g B e ST B8 e
electroplating heactd 0. tWitnrdgpedirtaghghrepdrdoe prosessimgtarad PO tofttevel Eatdiplating dhead
100 is delf81ed qgta Ion% dimerllﬁion LD and a %hort dimenfi?? SD. Thetlonlg] ime signtL its tO
established to Dé atfeds uer%juivaefeﬁ? 0"3 daH&YSr B s Whter to e(—ir-vp()arsocoesse1 YConverse ylf the'Short
dimension SD ékestablishedttacbabaskcthabethediamheternoiitie WafartosiBe prdcatsedvdfeon®7.
embodiment, the short dimension SD is substantially less than the diameter of the wafer to b
ol e ot e e thoR o e
over, proximateyifacendpakaiieh witidha idppe ik surtage giithe Walerhdlsordusingiopesatigrritie
electroplating head 100 and the wafer are controlled to move relative to each other such that the

processing ared 263 WSRO BImNG HEII™ dortrsvd ApoUan Afsasp B Yaltack Hithe wafer. As

the processing guea) 201 Havey sesHevahine Upkescsutlaraiofithenwaien the alegtiriatinhheaeu100 is
maintained in an orientation, with respect to the wafer, such that the long dimension LD is 20

substantially peFFERHGicl RETRS % HEe i i SR SMNBMBELIEEsT iHe 1prote senbgdireen b dheapRi H
watfer. Thereforghe.PrRaessing19rea &3 and 23naaiated MAiSEHs,80p Merarahle @hRiNghe

traversed over an entirety of the upper surface of the wafer during the electroplating operation. [0025]
Figure 3A is aPNRstrEtibrispaniiegthd KldsteshiaghéeHeng 10D el applidddrmeesrare sleeadplating

process, in accarfance Wit aneAMBIrime.at KiF RISSARLRUE iR BAGGATReREOUPLHGId

electroplating head 100 is'the same as previously described with respect to Figures 1 and 2. During
the electPSplathy prdossmdhidatdberapksitgravasicy ¢ 0ndterdvely ove thhepveader Joveiiiandiettien 401

zﬂrcfgéga; ft?ﬁepév%$§§% igg_ f_ar'iﬁgsl?l%@g{ﬁf” ipRoiLsanat Rl M AndnRimate RIS HARSE
solution and sufficient pore/solid ratio to provide the required effective resistivity that
yields electric current distribution uniformity.
[0023] Figure 2 is an illustration showing an isometric view of the electroplating head
25 100 of Figure 1, in accordance with one embodiment of the present invention. As
previously discussed, the anode 115A, or 115B depending on perspective, is shown
penetrating through the surrounding walls 101 to allow for electrical connection as
indicated by the positive polarity 117. It should be appreciated that a variety of sealing
mechanisms, e.g., rubber or plastic o-rings, metal compression seals, gaskets, etc., can be

30 used to enable penetration of the anodes 115A/115B through the surrounding walls

without leakage of analyte from within the associated anode chamber. Also, it should be



30the electroplating head 100 is traversed over the wafer 307, the meniscus 305 is also traversed over
the wafer. As previously discussed with respect to Figure 2, the 10 electroplating head 100 is
configured such that the meniscus can be traversed over an entirety of the upper surface of the wafer
during the electroplating operation. [0026] During the electroplating process, the wafer 307 is held by a
wafer support 403. Each of a first electrode 405A and a second electrode 405B is located proximate to
a 5 periphery of the wafer support 403. Additionally, the second electrode 405B is located at a
position that is substantially opposite from the first electrode 405A relative to the wafer support 405. In
one embodiment, the first electrode 405A is dis/posed at a first position near the periphery of the wafer

support 403, stipreriate ettt B storse dided/AbH st enpHerarhdr dtapriaardhaygpotians.

Also, in the sage-emArGIMeRis the seaPndsdiglfciiade eaBIs disnpsedata gecandimasitgpnear
the periphery of the wafer support 403, such that the second position resides along a second

peripheral halfssfipidiage eGUippRA0B bl cIiheeRe fist Pesiridpsingalcad thelwemerbsupport
403, [0027] Eachkihefist aleetaadish anddirrecand Plasada ARRE isapfigyiegialgmoved
to electrically connect to and disconnect from the wafer as indicated by arrows 15 407A and 407B,
respectively. |tehaigitabe withraciatd g edieomoviernéntra¢tte. electrodes 405A and 405B to connect
with and disco[mﬁg1 fr, fer 307. b [ ' limi ays.
For example, in onet] é?n%g%\?rlﬁ\g%f ﬂfg%él(g%?éﬁéeg%%%%ggn Q4r§;(5‘ Bﬁﬁswﬁl&ggﬂ%%% Tﬁ%@r y }tr)]sgr%{%\%lle
aligned with thef wizfgrotouametherve miptelirmle ht Otldes phoetr ot ¢lsc40Bid and 403 Bthth redeatsyfficiegt
elongated shape ing oriented.in a anar arrangeme ith the wafer 307 can b ved in
a rotatonal ma A oo R e e B SRt e o o
electrodes 4054 dufithetDBB chmpeidefineshihla muinbdroof differsiinydlys Thol@e@diplensivohd is
embodi t, the electrqdes 405A and 405B can be substantially rectangular in shape., In another
embodimint (R dE g T ULl G TP RO T DR 55 e CELHRB of
wafer contactimig:edget ivedh can [$drfieasblishetlow delevatton ahéhéimaiest peripbemafdn yebanother
embodiment, the eIectrochIs 405A n§,4058 can lﬁa?c-ﬁha ed. It ﬁould be und%(st od, tHat ttbe
present inventlI8585tie a‘t)'?ga%‘?'iﬁ IBERJBE SO SHNBS RusEASHRSHREATS IS 18 e i8Etrically

connect with agie:diseoonest Kararayvpéesrdtdss3[MRAE] Algeratibnraspgsbtedsigy e/ ediuist shields

409A and 409B are provided to pratect the first and second electrodes 405A and 405B, respectively,
from exposureegscltﬁ%platmg head 100 is positioned over, proximate to, and parallel with the upper

15  surface of the wafer. Also during operation, the electroplating head 100 and the wafer are

controlled to move relative to each other such that the processing area 201 of the
electroplating head 100 traverses over the upper surface of the wafer. As the processing
area 201 traverses over the upper surface of the wafer, the electroplating head 100 is
maintained in an orientation, with respect to the wafer, such that the long dimension LD is
20  substantially perpendicular to a direction of movement between the processing area 201
and the wafer. Therefore, the processing area 201 and associated meniscus 305 are
capable of being traversed over an entirety of the upper surface of the wafer during the
electroplating operation.
[0025] Figure 3A is an illustration showing the electroplating head 100 being applied in
25 an electroplating process, in accordance with one embodiment of the present invention.
Each component of the electroplating head 100 is the same as previously described with
respect to Figures 1 and 2. During the electroplating process, the electroplating head 100
is moved over the wafer 307 in a direction 401 such that the processing area 201 remains
substantially parallel with and proximate to the upper surface of the wafer 307. Thus, as
30 the electroplating head 100 is traversed over the wafer 307, the meniscus 305 is also

traversed over the wafer. As previously discussed with respect to Figure 2, the



11 meniscus 305 of electroplating solution as the electroplating head 100 and meniscus 305 traverses
thereabove. In one embodiment, each of the first and second electrodes 405A1405B is controllable to
be moved away from the wafer 307 and retracted beneath its respective fluid shield 409A1409B, as
the electroplating head 100 and meniscus 305 of 5electroplating solution traverses thereabove. [0029]
During the electroplating process, the anodes 115A/115B and at least one of the first and second
electrodes 405A1405B are electrically connected to a power supply such that a voltage potential exist
therebetween. With respect to Figure 3A, the first electrode 405A is moved to be electrically connected
to the wafer 307 such that the neeg[:jative 10 polarity 309 is established across the upper surface of the

wafer 307. ThGicaRidERgchear W sRIiEHFe gH b dhele Bifopiatisers Al dis (HaYreeloyVictnalyte,
catalyte, and ragRisaHs?) fetwsRP theRBedes 11ty HirBAnd e finstalactipdrddpA. The electric

current enables the electroplating reactions to occur at portions of the upper surface of the wafer 307

that are expos[é!!)i'éh%lﬁ@w@é@@@@phéngeqrmswh@r%a&rtﬁ@7u5p@lélhmévaigr@ﬂmw&f&- 307
that are exposgd §p e, MERISEUS302 3654 ARG CHRPIRIN IR Qe IPIINe R BRASHAR0R0) The

first electrode 405A remains connected to the wafer 307 as the electroplating head 100 traverses

away frorr5the@%@&é@@@@&me%thé@mmr@%@m @&ﬁ@ﬁ@d@rﬁ@&iiﬂé@ﬂ?@@aﬁecond
electrode 4058 i3 maintained I,Me BUACGDRIRI0L AR MR, OR FI6G 9B:8HNG RRAY AR AN,
a suffi t the

meniscus 305 i cient distance away from the second electrode 405B to ensure that second
electrode 405Buppuot édpobedrto aldsiropletinghsdlutioslcfdr8t] 454, isatinpetidnabhthesfirsisefectrode
405A and the second electrode 405B to the wafer iS man to imize a current distribution
S onent at e T CERIRAS SPUL GRS UAREA0L: DATBATS ARV BAR SRR
305. In one enthsdperpticrhihal sifable wafierainpaivradodbgtotiadl yhernifonmetnisrelindigiribettocoati an

interface between th iscus,.305 and the wafer 307 as the electroplating head 100 traverses over
smeniy feoplatng head 1904

the wafer 307. 9 ShOUTd b8 aﬁsprcgcszli)é)tsg ,%gtsr%cz% a?r%sﬁbmtﬂél el reoB arlange ead 108 & <utieRNt

distance away4oonstics changetedcelatiosiei @il oussddretorite nt@isinib yioipledraDHhie stehtaceafetween
the meniscus 305 and bg)e wafer 307 to be morg unlforgﬂgrgll?ltgﬁ)g etg(.e'\l)'vrgl ésr, s!lrllp%r(l)?t ﬁ&podlment,

transition from CBRABOH S S FritAis i dhe first peri
[0027] Each of the first electrode 405A and the second electrode 405B is configured to be

moved to electrically connect to and disconnect from the wafer 307 as indicated by arrows
15 407A and 407B, respectively. It should be appreciated that the movement of the
electrodes 405A and 405B to connect with and disconnect from the wafer 307 can be
conducted in an essentially limitless number of ways. For example, in one embodiment,
the electrodes 405A and 405B can be moved linearly in a plane aligned with the wafer. In
another embodiment, the electrodes 405A and 405B having a sufficient elongated shape
20  and being oriented in a coplanar arrangement with the wafer 307 can be moved in a
rotational manner to contact the wafer. Also, it should be appreciated that the shape of the
electrodes 405A and 405B can be defined in a number of different ways. For example, in
one embodiment, the electrodes 405A and 405B can be substantially rectangular in shape.
In another embodiment, the electrodes 405A and 405B can be rectangular in shape with
25  the exception of a wafer contacting edge which can be defined to follow a curvature of the
wafer periphery. In yet another embodiment, the electrodes 405A and 405B can be C-
shaped. It should be understood, that the present invention requires at least two electrodes
that can be independently manipulated to electrically connect with and disconnect from a
wafer 307.
30 [0028] Also with respect to Figure 3A, fluid shields 409A and 409B are provided to

protect the first and second electrodes 405A and 405B, respectively, from exposure to the



12 405A to connection of the second electrode 405B occurs when the processing area 201 of the
electroplating head 100 is substantially near a centerline of the upper surface of the wafer 307,
wherein the centerline is oriented to be perpendicular to a traversal direction of the electroplating head
100. 5[0032] During transition from connection of the first electrode 405A to connection of the second
electrode 405B, the connection of the first electrode 405A to the wafer 307 is maintained until the
second electrode 405B is connected. Once the second electrode 405B is connected to the wafer 307,
the first electrode 405A is disconnected from the wafet307. Maintaining at least one electrode
connected to the wafer 307 serves to minimize a 10 potential for gaps or deviations in material

deposition prodtiéetrhy e eicterdinBlitg Hrokuian poss asgtireaBng hadiLetk ahd imsmbwingQd

continuation ofthe RIgCHQRIAIRYProcessARRISIRAR fiLieBA INRCeRIdance Vil :RNerRIRRdIment
of the present invention. Figure 3B shows the first and second electrodes 405A1405B following

transition from*4%A¢dAnR dtisansralebli s drarrygd apaniterdhesaienisf thedgetsrgdheagdidtaosB.
Also, Figure 3B.showsdhf rlesiarlaiod Neag LA0cOiniBg ia feKeLse sy e iewaleL 334 qyard

the first electrode 405A..The seqond electrode 405B is shown connected to the wafer 307. The first
electrode 405Algsshplanngisebripactadditsmttisecalnrfes. 307 and retracted beneath the fluid shield 409A

to be She'tereidb‘%%tﬁﬁrﬁ%o{ﬁé‘%w&% gghﬁ%gao Q30 ESA%‘Q"T%{Q%%E‘E’%?Q%W%Q 9N, hgyglectric

current flows through the efectroplatin efined by the analyte, catalyte, and meniscus
between the aficdesd 38¢iid BB cind¢hd $etaNd Blact ddadGHB . JOOB4]ddigu e phivés aupplystration

AGEHIN

showing the electroplating head 100 being applied in ap electroplating.process, in agcar
another embo |rerl:teantvgﬂ?tl§% ?%eesnelﬁ %Sﬂ%’én%%f‘.” & g{}élnffesﬁgé:?\g%%pﬁgfg?% |§uﬁ{asq4 IS equivalent
to that of Figur03SA tmiheéxoeptiatictiatthiy waliaesiap porttdd 3y lectot esct) Bt 465 Bieaadviiuid

shields 409A1409B are configur 0 he moved together in.a lin directio elow th )
electroplapcl)ng ﬁglg?crll Yogo(évﬁlscgsfsa%r?%élilﬁgafiﬁé |Sntaefi')g(]%%‘ef)(%lsllrtfiecl)crﬁa sogc’czltlﬁfreegl ?o%&p?p?’oﬁ%tlrsm Iﬁr%%&i‘.: It
should be undeusteadithifldurihgoapk ratacofidiRatippakdatuk of Ediued 44\ (BOthal processing, aieh 201

ofthe clectioplating epd 100 1= ofenied n  [DRNFLFTIPL 2 1t RIEYiouRh sk sied il fespect
current enables the electroplating reactions to occur at portions of the upper surface of the
wafer 307 that are exposed to the meniscus 305. Hence, the portions of the upper surface
15 of the wafer 307 that are exposed to the meniscus 305 serve as the cathode in the
electroplating process.
[0030] The first electrode 405A remains connected to the wafer 307 as the electroplating
head 100 traverses away from the second electrode 405B toward the first electrode 405A.
In one embodiment, the second electrode 405B is maintained in the retracted position
20  until the electroplating head 100 and meniscus 305 is a sufficient distance away from the
second electrode 405B to ensure that the second electrode 405B is not exposed to
electroplating solution.
[0031] Also, connection of the first electrode 405A and the second electrode 405B to the
wafer 307 is managed to optimize a current distribution present at the portion of the upper
25  surface of the wafer 307 that is in contact with the meniscus 305. In one embodiment, it is
desirable to maintain a substantially uniform current distribution at an interface between
the meniscus 305 and the wafer 307 as the electroplating head 100 traverses over the
wafer 307. It should be appreciated, that maintaining the electroplating head 100 a
sufficient distance away from the connected electrode allows the current distribution at
30 the interface between the meniscus 305 and the wafer 307 to be more uniformly

distributed. Thus, in one embodiment, transition from connection of the first electrode



13 controlled to electrically connect to and disconnect from the wafer 307 based on the processing
area 201 and meniscus 305 location, as previously described with respect to Figures 3A and 3B. It
should be appreciated that since the apparatus of Figure 4A does not require movement of equipment
above the wafer 307, it is conceivable that the 5 apparatus of Figure 4A will allow for easier
prevention of unwanted foreign particle deposition on the upper surface of the wafer 307. [0035] Figure
4B is an illustration showing a continuation of the electroplating process depicted in Figure 4A, in
accordance with one embodiment of the present invention. Figure 4B shows the first and second
electrodes 405A1405B following transition from 10 connection of the first electrode 405A to

connection of tHE 8cCorResetinn g hosacondslaciirte #BBsau 1ehanibe BoresiHtmtiet 8 e
traversed benggth.iha.8lastRPIRIRG firpd 10Rekehihatdieseenists IPROBHIUS IRy EiRWard

the first electrode 405A. The second electrode 405B is shown connected to the wafer 307. The first
electrode 405AVR&htWndsESRribe ke R meeofianadioPana resdicdarse ndereinal fifRrSamerd 409A
to be 155helte[ﬁgé‘f&rgotpﬁtﬂ%0ﬁgg§qm meniscus 305. [0036] Figure 5 is an illustration showing an
arrangement of wafer surface conditioning devices configured to follow the electroplating head 100 as
it traverse$ ovédBlViafenS07ntiaocordancengdtioord diaiboslinlesiredttHe phesesnninsasiviont Her

discussion p“;f’e gﬁﬁ 886G 9“265%‘,”@ € ?}Hg&iﬁﬁ %?Vé%e fJd€ &:%%’H«?‘it%spf%e{iktgc figusgd to apply
20 or remove fluid from the upper surface of the wafer 307. Each vent is configured to have an
adequately sizedificunedemtd dpplkcand dentovde AOTS atamidficierDnatethi stronldddecappeeiated that

each depicted .vent can be copnected tq a variety of ipme .G. goses ps, metrolo
reservoirs, etc.l,sfggggféeétgogﬁ?o\ﬁﬁwSrf%%’a%gI%’g%o%%{r%@%r%%s\%%gz '[E)C&QJ}F %r@h%ggnpé% to |gr:]ure 5,
a first vent 503 7owtéstainiaguuriedst remele fluiisdronedied sutace aethit)Wadeve3(é follawiizg a

traversal of the menis 305 thereover. .A second vent 507 applies a rinsing, fluid to the surface of the
g S 9 | SR aples 2 ncina luig o he sur

wafer 307. In 5’&563%1 fn%aﬁts, e r?r\%?ﬁanffuf iS'giGhized Whater, 8Wue(i7“er, M (t) Ret %Crtﬁ%&frlﬁénts,

any rinsing fluiprsedtable for use in wafer processing applications can be used. Similar to the first vent
505, [0033] Figure 3B is an illustration showing a continuation of the electroplating process
depicted in Figure 3A, in accordance with one embodiment of the present invention.
Figure 3B shows the first and second electrodes 405A/405B following transition from
15  connection of the first electrode 405A to connection of the second electrode 405B. Also,
Figure 3B shows the electroplating head 100 continuing to traverse over the wafer 307
toward the first electrode 405A. The second electrode 405B is shown connected to the
wafer 307. The first electrode 405A is shown disconnected from the wafer 307 and
retracted beneath the fluid shield 409A to be sheltered from the approaching meniscus
20  305. Following the electrode transition, the electric current flows through the
electroplating solution (defined by the analyte, catalyte, and meniscus) between the
anodes 115A/115B and the second electrode 405B.
[0034] Figure 4A is an illustration showing the electroplating head 100 being applied in
an electroplating process, in accordance with another embodiment of the present
25  invention. The arrangement depicted in Figure 4A is equivalent to that of Figure 3A with
the exception that the wafer support 403, electrodes 405A/405B, and fluid shields
409A/409B are configured to be moved together in a linear direction 503, below the
electroplating head 100 which is maintained in a fixed position secured to support
structure 501. It should be understood that during operation of the apparatus of Figure 4A,
30 the processing area 201 of the electroplating head 100 is oriented in a manner similar to

that previously discussed with respect to Figure 3A. Also, the electrodes 405A/405B are



30 a third vent 509 provides a vacuum to remove fluids from the surface of the wafer 307. A fourth
vent 511 can be used to apply an isopropyl alcohol (IPA)/nitrogen mixture to the 14 surface of the
wafer 307. It should be appreciated that the present invention can be implemented using a portion of
the vents described with respect to Figure 5 or other wafer surface conditioning devices not explicitly
described herein. [0038] Figure 6 is an illustration showing a flowchart of a method for operating an 5
electroplating head, in accordance with one embodiment of the present invention. The method
includes an operation 601 for disposing the electroplatmg head over and proximate to an upper
surface of a wafer. An operation 603 is then provided for transferring cations from an anode to an

electroplating §8NitRIEhitpiglasEisrbtreptagayReaitil HSABSABRMNEHY, WEeHpRratenedoandhe

performed by flpoving;ihe fiaciorainmhdiSalEes RYGiSMAMRERNRUSaE e ARG R AIPANY (8,
wherein the membrane is capable of transmitting cations from the analyte to the electroplating

solution. In anlggeratién 609, 1R blskarddiharmpriskiaed Idaesinenteaappa Rl ddamiodghd@orous
resistive materig| t.gxjfdhe RleFapPiaiing ipadn U ReS eXHRg e elrpiraplating headpibepatign laden

electroplating solution is disposed on the upper surface of the wafer. 15[0039] The method further
includes anh opkieaios®f foiguonfiding theBlettioplatinier spiertntidispbsuuventedefopspenr parfaade of the

wafer to form éﬁgﬂ%ﬁ‘%ﬁh@% Hglpgamges&p%@Qfa}e@%meniscus of electroplating solution is
[

maintained within a region between the porous resistive material and the upper surface of the wafer
directly below tA835¢doigsnedi8tiseam dtesialtion othe emp edivrenty eieotaplbtirtesohytiainis peraessed

from the 20 m nisgg& in qrder to, establish a(ilow of elllgectroplati%;lgdsrgleutgonftﬁlrou Qsth%menigglds.
[ an

ep1 1eure 4A, .10 dccordance wit Nne, em 1 O € mven .
[0040] In an opePa i6n 60 : &h electiC clirrent 1s established between the anod e upper surface

of the wafer thFoggk the ehestsopilatiingtsoldtiarontelponodssrdiStiveOriatarialwagsesitia @lettne

current (g be uniformiy disgrButed agtose e ioper surface of the waler In gontact with e mppiscus
of electrop atlng softtion. The electric current causes the cations within the meniscus of
electroplating $odutionBoshevattiacteddo3aTd phaied gnithie: upperssdriaaeadi the siafeopldie grieihbd

further includes an operation 611 in which the electroplating head and wafer are contro %i%to e
movedt wih red8LCLE 4 BB L OETREN B A S oA AR s and
the electroplatiegdicaddsipayad /ey thewvatensewbdhatian wmiretyDiThe fippelcudaselos 80the
wafer is exposed to the meniscus of electroplating solution. In another embodiment, the electroplating

head is maintaiRey RGeS itom dhe MEshAPdraadrenadedhraeti ts Hiudbiskdty Re9dsuch
that an epdiretyjpfithe BRI Bleripproatihe; walasdsexpnsed to the meniscus of electroplating solution.

[0036] Figure 5 is an illustration showing an arrangement of wafer surface conditioning
devices configured to follow the electroplating head 100 as it traverses over the wafer
307, in accordance with one embodiment of the present invention. For discussion
purposes, each wafer surface condition device is represented as a vent configured to apply

20  or remove fluid from the upper surface of the wafer 307. Each vent is configured to have
an adequately sized flow area to apply and remove fluids at a sufficient rate. It should be
appreciated that each depicted vent can be connected to a variety of equipment, e.g.,
hoses, pumps, metrology, reservoirs, etc., capable of controlling fluid application and
removal.

25  [0037] With respect to Figure 5, a first vent 505 provides a vacuum to remove fluids from
the surface of the wafer 307 following traversal of the meniscus 305 thereover. A second
vent 507 applies a rinsing fluid to the surface of the wafer 307. In one embodiment, the
rinsing fluid is deionized water. However, in other embodiments, any rinsing fluid
suitable for use in wafer processing applications can be used. Similar to the first vent 505,

30  a third vent 509 provides a vacuum to remove fluids from the surface of the wafer 307. A

fourth vent 511 can be used to apply an isopropyl alcohol (IPA)/nitrogen mixture to the



[0041] In contrast to the present invention, conventional electroplating systems require systematic
replenishment, or spiking, of the electroplating solution. The systematic 5 replenishment of the
electroplating solution requires sophisticated real-time chemical assay capability to determine whether
the electroplating solution is within process control limits. Also, the convention electroplating system
requires reclamation of the electroplating solution in order to control process costs. [0042] In contrast
to the conventional electroplating system, the electroplating head and 10 associated meniscus of the
present invention provides a confined electroplating reltbtion region that allows for implementation of a
low-volume use-and-discard approach for managing chemistry of the electroplating solution, i.e., the

separate analytea68 eatdigtevare dQanmibIehwle Pre FssisHvVEIGiTha RS HanIBUCATIMIEAS dte

electroplating seliiannk&l a8y isoigdeapiird o RlatsRQPMlirgier dipmeier wWaferndhgrelpre, the
present 15 invention allows for implementation of a cost effective use-and-discard method for

electroplating §U€&F§ﬁﬁﬁéﬁﬁg\éﬁ§éﬁ%ﬂ&é,eé?ﬁéﬁbf\f@%ﬂﬁﬂ??ﬂdwrﬁiétrology, spiking, recirculation, and
reclamation cajppBgifips.are @%r?xﬂuﬁﬁgt}gtf&?'@ﬂ%'\giﬂ%hﬁ OGRS LU HUIBG Hie slactoniatng

process performed using the electroplating system of the present invention. 20[0043] Conventional
electroplafing siesteopdating headonfigeaerdaocproviticosirrmbodiognfudbwedarpiatngacatimabléao
plate very res'?ﬁ%éﬁ&@fﬁ%[ﬁﬁg@sa?ﬁ ﬁk%r‘é‘&%ﬁr gHifagsE Vi %‘é}na%h@ '”%&&%‘%!ﬁﬁﬁ?t%@&& Dlefmgate
film previously applied to the water. For example, in the case of Cu plating over-a very resistive barrier
film, the convepmamahsy stermoreqpieessarRVD @uaseeddaydmtooberapplied)Prior thethepfallidealfefor
electroplating 25 progess. oKL this seediayer, afesistance diop actossthe weferuil induce a
bipolar effect c}urlng thesui-warer pfgtlng. The bipolar e ];eé% fesdlts in d)e-ﬁYa ing ancfetcﬁlﬁg Within a
region adjaceritctal electiad emboditactinghbepeaiannUs®S af therfoonads re Sistvie grtateclattap esgribed

with respgct to the present invention aIIovc\fs effectr.s due to a resistivity of the upper surface qf thfe
e utl?l% over a.memprane us tgﬁo 1€ an ana Xt&, wherein the ﬁlenﬁérane 1S capab fho
wafer, particularly at the wafer edges, to be ecoupled and’minimized, thereby improving the

uniformity of theassigegyentiplatingmracessalyke {00k kRlaeyheicgruaniiwondhfull-waferielecdplating
system requires uniformly distributed electrodes about the eriﬁpﬂq?&% of the wafer, wherein a resjstance
for each of thel U RSP HLR B LR AHBHE R HRER B AT R e AR RRIRSFS BNUERBplating
system, the presenaetbé alcasypimieliheantaidesistiansanoneoiefaaiactione thanather wikgause a
non-uniform current distribution across the wafer, thus resulting in a non-uniform material deposition

across the wafdFCieR BB PBond s dirates RIBRLPRE LR GiRAsEpect to the present

invention, salloysolyy queantilied ke NHRHAks distripetad ACHss the walalisk face R PRI Plated,
regardless of the number of electrodes and contact resistance of the electrodes. 10[0045] While this

invention has BebH Ak diosedidhndBrdcvifareridbaimasisodosm a meniscus of electroplating

solution. The meniscus of electroplating solution is maintained within a region between
the porous resistive material and the upper surface of the wafer directly below the porous
resistive material. In one embodiment, electroplating solution is removed from the
20  meniscus in order to establish a flow of electroplating solution through the meniscus.
[0040] In an operation 609, an electric current is established between the anode and the
upper surface of the wafer through the electroplating solution. The porous resistive
material causes the electric current to be uniformly distributed across the upper surface of
the wafer in contact with the meniscus of electroplating solution. The electric current
25  causes the cations within the meniscus of electroplating solution to be attracted to and
plated on the upper surface of the wafer. The method further includes an operation 611 in
which the electroplating head and wafer are controlled to be moved with respect to each
other. In one embodiment, the wafer is maintained in a fixed position and the
electroplating head is moved over the wafer such that an entirety of the upper surface of
30 the wafer is exposed to the meniscus of electroplating solution. In another embodiment,

the electroplating head is maintained in a fixed position and the wafer is moved under the



be appreciated that those skilled in the art upon reading the preceding specifications and studying the
drawings will realize various alterations, additions, permutations and equivalents thereof. Therefore, it
is intended that the present invention includes all such alterations, additions, permutations, and

equivalents as fall within the true spirit and scope 150f the invention. 17 CLAIMS

1. A method for

operating an electroplating head, comprising: disposing an electroplating head above and
proximate to an upper surface 5of a wafer; transferring cations from an anode to an electroplating
solution within the electroplating head; flowing thé%lectroplating solution downward through a

porous electrically resistive material at an exit of the electroplating head to be disposed on the upper

10surface of trideiErRlatipgihead sselhlading SRUERYAL BarieREbEMaeh théhg
surface of the wafgk Loty thecaigateRatingRplution, the electric current being

8TdAEIREsGR e
uniformly distributed

by the porous electrically resistive material present between the anode and the upper surface of the

wafer, the eledﬂﬂééﬂjﬂmﬁpeaagiﬁg the BERSAS iwfb@ipsqﬁ@ab{mi@@%hélwﬁmlgéméésméwafa.
2. A method for, operating afeGieRHeRIatng Jﬁ%ﬂg’ﬂ}%@%@défé&l%@h&nﬁ"%%[ﬁﬂ%ﬁfaﬁf@r£%9eﬁ§afdf%“5

from the anode’to the electroplating solution within the electropla

ing head includes flowing the

electroplafing seaidshovert R0hweriebieapdalisgdsudomlinelaircanstplesiiudid arvalrivte chemmisel,
wherein the mE@g%ﬁl‘?a\?il‘f%%bd&é’lfrﬁ'{ﬁé‘%JFHQH{E:Q &%t'qucctroplating solution is within process control

10

15

20

25

30

limits. Also, the convention electroplating system requires reclamation of the
electroplating solution in order to control process costs.

[0042] In contrast to the conventional electroplating system, the electroplating head and
associated meniscus of the present invention provides a confined electroplating reaction
region that allows for implementation of a low-volume use-and-discard approach for
managing chemistry of the electroplating solution, i.e., the separate analyte and catalyte.
For example, with the present invention less than 50 milliliters of electroplating solution,
i.e., catalyte, is required to plate a 200 millimeter diameter wafer. Therefore, the present
invention allows for implementation of a cost effective use-and-discard method for
electroplating solution management. Hence, expensive chemical metrology, spiking,
recirculation, and reclamation capabilities are not required to maintain tight process
control during the electroplating process performed using the electroplating system of the
present invention.

[0043] Conventional electroplating systems that are configured to provide simultaneous
full-wafer plating are unable to plate very resistive barrier films on the wafer surface
without a having a low-resistance intermediate film previously applied to the wafer. For
example, in the case of Cu plating over a very resistive barrier film, the conventional
system requires a PVD Cu seed layer to be applied prior to the full-wafer electroplating
process. Without this seed layer, a resistance drop across the wafer will induce a bipolar
effect during the full-wafer plating. The bipolar effect results in de-plating and etching
within a region adjacent to electrodes contacting the wafer. Use of the porous resistive
material, as described with respect to the present invention, allows effects due to a
resistivity of the upper surface of the wafer, particularly at the wafer edges, to be
decoupled and minimized, thereby improving the uniformity of the subsequent plating

process.



3. A method for operating an electroplating head as recited in claim 2, further comprising: 25orienting
the anode vertically within the anode chamber defined opposite the membrane from a main chamber,
wherein the main chamber is defined to direct the flow of the electroplating solution through the
electroplating head. 18 4. A method for operating an electroplating head as recited in claim 3,
wherein the anode is oriented within the anode chamber to be substantially parallel to the membrane
SO as to enable natural circulation of the analyte within the anode 5 chamber. 5. A method for
operating an electroplating head as recited in claim 2, Krther comprising: independently
controlling chemical compositions of the electroplating 10solution and the analyte, wherein the
membrane sehf¥444 &dsoardhe aqsmmeaflﬂﬁléle@bﬁr&@ﬁ&ﬁn@lg@m&ilﬁ%ﬁ%mk BapecanaRfermly 6. A

method for opergifiRA eleGiaR/atiBeeRd ASisRIMitlaim ey, Witbei FamRisinge TP ing
organic additives to the electroplating solution, wherein the
the uniformly distributed electrodes is matched. In the conventional full-wafer
electroplating system, the presence of an asymmetric contact resistance from one
5 electrode to another will cause a non-uniform current distribution across the wafer, thus
resulting in a non-uniform material deposition across the wafer. Use of the porous
resistive material, as described with respect to the present invention, allows the current
flux to be uniformly distributed across the wafer surface area being plated, regardless of
the number of electrodes and contact resistance of the electrodes.

10  [0045] While this invention has been described in terms of several embodiments, it will
be appreciated that those skilled in the art upon reading the preceding specifications and
studying the drawings will realize various alterations, additions, permutations and
equivalents thereof. Therefore, it is intended that the present invention includes all such

alterations, additions, permutations, and equivalents as fall within the true spirit and scope

15 of the invention.



membrane serves to prevent the organic additives from reaching the analyte and the anode. 7. A
method for operating an electroplating head as recited in claim 1, 20further comprising: electrically
connecting the anode to a power supply; and electrically connecting the upper surface of the wafer
to a reference ground potential. 19 8. A method for operating an electroplating head as recited in
claim 1, further comprising: confining the electroplating solution disposed on the upper surface of
the wafer to form a meniscus of electroplating solution within a region between the 5porous electrically
resistive material and the upper surface of the wafer &i?ectly below the porous electrically resistive
material. 9. A method for operating an electroplating head as recited in claim 8, further comprising:
10establishing a flow of electroplating solution thr&bﬁﬁﬂémeniscus by

1. A method for operating an electroplating head, comprising:

disposing an electroplating head above and proximate to an upper surface

5  of a wafer;

transferring cations from an anode to an electroplating solution within the

electroplating head;

flowing the electroplating solution downward through a porous electrically
resistive material at an exit of the electroplating head to be disposed on the upper

10  surface of the wafer; and

establishing an electric current between the anode and the upper surface of
the wafer through the electroplating solution, the electric current being uniformly
distributed by the porous electrically resistive material present between the anode
and the upper surface of the wafer, the electric current causing the cations to be

15  attracted to the upper surface of the wafer.

2. A method for operating an electroplating head as recited in claim 1,

wherein transferring cations from the anode to the electroplating solution within

the electroplating head includes flowing the electroplating solution over a

20  membrane used to confine an analyte within an anode chamber, wherein the

membrane is capable of transmitting cations.

3. A method for operating an electroplating head as recited in claim 2,

further comprising:

25 orienting the anode vertically within the anode chamber defined opposite
the membrane from a main chamber, wherein the main chamber is defined to direct

the flow of the electroplating solution through the electroplating head.



removing electroplating solution from the meniscus as fresh electroplating solution flows through the
porous electrically resistive material be disposed on the upper surface of the wafer. 1510.A method for
operating an electroplating head as recited in claim 8, further comprising: maintaining the wafer in a
fixed position; and moving the electroplating head over the upper surface of the wafer such that
an entirety of the upper surface of the wafer is exposed to the meniscus of 20electroplating solution.
11.A method for operating an electroplating head as recited in claim 8, further comprising: maintaining
the electroplating head in a fixed position; and 20 182, A method for electroplating a semiconductor
wafer, comprising: positioning an upper surface of a semiconductor wafer below and proximate to
a processing surface of an electroplating head, wherein the processing surface is defined as a porous
electrically resistive material; 5flowing an electroplating solution through the electroplating head to exit

the electroplating head 4t the proeebomhdos arstRiaadhe fEpBled HhM b gpefsLitaits the

semiconductor W@#kein the anode is oriented within the anode chamber to be substantially parallel
to the membrane so as to enable natural circulation of the analyte within the anode

5  chamber.

5. A method for operating an electroplating head as recited in claim 2,

further comprising:

independently controlling chemical compositions of the electroplating
10 solution and the analyte, wherein the membrane serves to separate a bulk of the

electroplating solution from a bulk of the analyte.

6. A method for operating an electroplating head as recited in claim 35,

further comprising:

15 providing organic additives to the electroplating solution, wherein the
membrane serves to prevent the organic additives from reaching the analyte and

the anode.

7. A method for operating an electroplating head as recited in claim 1,

20  further comprising:
electrically connecting the anode to a power supply; and

electrically connecting the upper surface of the wafer to a reference ground

potential.



during the flow of the electroplating solution through the electroplating head, transferring cations from
an anode to the electroplating solution; and 10establishing an electric current between the anode and
the upper surface of the semiconductor wafer through the electroplating solution, the electric current
being uniformly distributed by the porous electrically resistive material, the electric current causing the
cations to be attracted to the upper surface of the semiconductor wafer. 15 13. A method for
electroplating a semiconductor wafer as recited in claim 12, further comprising: disposing the anode

within an analyte; and preventing bulk mixture oflithe analyte and the electroplating solution while
20simultaneously allowing transfer of cations from the analyte to the electroplating solution. 14. A
method for electroplatint) a sefiE¥iERELSE RRFEIAS icRisalRRIAIAE ilsfl%mr{é?%ﬁmﬁéf#@: L,

25disposing a memREAREHP$§Ag ate a main chamber from an anode chamber within the
electroplating head, wherein the electroplating solution flows through the main chamber and the

analyte resides in the apgdenciiamPINIBIRERNQIRIIAL disposed on the upper surface of the
wafer to form a meniscus of electroplating solution within a region between the
S porous electrically resistive material and the upper surface of the wafer directly

below the porous electrically resistive material.

9. A method for operating an electroplating head as recited in claim 8,

further comprising:

10 establishing a flow of electroplating solution through the meniscus by
removing electroplating solution from the meniscus as fresh electroplating solution
flows through the porous electrically resistive material be disposed on the upper

surface of the wafer.

15 10. A method for operating an electroplating head as recited in claim 8,

further comprising:
maintaining the wafer in a fixed position; and

moving the electroplating head over the upper surface of the wafer such
that an entirety of the upper surface of the wafer is exposed to the meniscus of

20  electroplating solution.

11. A method for operating an electroplating head as recited in claim 8,

further comprising:
maintaining the electroplating head in a fixed position; and

25 moving the wafer under the electroplating head such that an entirety of the

upper surface of the wafer is exposed to the meniscus of electroplating solution.



wherein the membrane is defined to allow transfer of cations and maintain bulk fluid confinement. 15.
A method for electroplating a semiconductor wafer as recited in 5claim 14, further comprising:
orienting the anode vertically within the anode chamber to enable natural circulation of the analyte
within the anode chamber. 16. A method for electroplating a semiconductor wafer as recited in 10claim

14, further comprising: independently controlling chemical compositions of the electroplating
solution and the analyte. 17. A method for electroplating a semiconductor wafer as recited in 15claim
14, further comprising: providing organic additive2tb the electroplating solution, wherein the

membrane serves to prevent the organic additives from entering the anode chamber. 2018.A method
for electroplating a seml@onduté? F IRl FH N 136 S AR T AR SR P B IR Erically
connecting the anode to a power supply; and electrically connecting the upper surface of the
semiconductor wafer toPR YEIRAEWCeABrdtiRSpStEfReg. of a semiconductor wafer below and

proximate to a processing surface of an electroplating head, wherein the processing

surface is defined as a porous electrically resistive material;

5 flowing an electroplating solution through the electroplating head to exit
the electroplating head at the processing surface and be disposed on the upper

surface of the semiconductor wafer;

during the flow of the electroplating solution through the electroplating

head, transferring cations from an anode to the electroplating solution; and

10 establishing an electric current between the anode and the upper surface of
the semiconductor wafer through the electroplating solution, the electric current
being uniformly distributed by the porous electrically resistive material, the electric
current causing the cations to be attracted to the upper surface of the

semiconductor wafer.
15

13. A method for electroplating a semiconductor wafer as recited in

claim 12, further comprising:
disposing the anode within an analyte; and

preventing bulk mixture of the analyte and the electroplating solution while
20  simultaneously allowing transfer of cations from the analyte to the electroplating

solution.

14. A method for electroplating a semiconductor wafer as recited in

claim 13, further comprising:

25 disposing a membrane to separate a main chamber from an anode chamber
within the electroplating head, wherein the electroplating solution flows through

the main chamber and the analyte resides in the anode chamber with the anode,



22 19. A method for electroplating a semiconductor wafer as recited in claim 12, further
comprising: confining the electroplating solution disposed on the upper surface of the
semiconductor wafer to form a meniscus of electroplating solution within a region 5between the porous
electrically resistive material and the upper surface of the semiconductor wafer directly below the
porous electrically resistive material; and establishing a flow of electroplating solution through the
meniscus by removing electroplating solution from the meniscus as fresh electroplating solution flows
through the porous electrically resistive material be di%bosed on the upper 10surface of the
semiconductor wafer. ~ 20. A method for electroplating a semiconductor wafer as recited in claim 19,
further comprisinghHRIvikActHEBMBERS prafifl 158a@ aHG ¥efRTRUaEEHINaTcd M 3tk 15 other
such that a substgntialy,HRdeeR version of the meniscus of electroplating solution is traversed over an
entirety of the upper surface of the semiconductor wafer.

15. A method for electroplating a semiconductor wafer as recited in

5 claim 14, further comprising:

orienting the anode vertically within the anode chamber to enable natural

circulation of the analyte within the anode chamber.

16. A method for electroplating a semiconductor wafer as recited in

10 claim 14, further comprising:

independently controlling chemical compositions of the electroplating

solution and the analyte.

17. A method for electroplating a semiconductor wafer as recited in

15  claim 14, further comprising:

providing organic additives to the electroplating solution, wherein the
membrane serves to prevent the organic additives from entering the anode

chamber.

20 18. A method for electroplating a semiconductor wafer as recited in

claim 12, further comprising:
electrically connecting the anode to a power supply; and

electrically connecting the upper surface of the semiconductor wafer to a

reference ground potential.

25
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19. A method for electroplating a semiconductor wafer as recited in

claim 12, further comprising:

confining the electroplating solution disposed on the upper surface of the
semiconductor wafer to form a meniscus of electroplating solution within a region
between the porous electrically resistive material and the upper surface of the

semiconductor wafer directly below the porous electrically resistive material; and

establishing a flow of electroplating solution through the meniscus by
removing electroplating solution from the meniscus as fresh electroplating solution
flows through the porous electrically resistive material be disposed on the upper

surface of the semiconductor wafer.

20. A method for electroplating a semiconductor wafer as recited in

claim 19, further comprising:

moving the electroplating head and semiconductor wafer relative to each
other such that a substantially uniform version of the meniscus of electroplating
solution is traversed over an entirety of the upper surface of the semiconductor

wafer.



