2 7 JUL 2005 -1 PROCESS AND SYSTEM FOR DEGASSI NG AN AQUEQUS PLATI NG
SOLUTION FIELD OF THE | NVENTION This invention relates to a process for
renoving all dissolved gasses from aqueous electroplating and el ectrol ess
plating bath solutions. Mre particularly, this invention relates to a
process for renoving dissolved gasses including oxygen from ac?ue]d)jhﬂﬂﬂﬁoper
plating and electroless plating bath sol utions. BACKGROUND OF THE

| NVENTI ON Recently copper el ectrochem cal deposition processes have becone
avai lable to form electrically conductitve pat hways on sem conductor chi ps.
Copper el ectrochem cal deposition process for the danmascene structures of
hi gh aspect ratios for sem conductor manufacturing 1is a new application of
t he convent i FROCESSANDOHYETEMFQR DECHSSINGAN ASIHQLS Bt AMNG SOLUFHION aspect
rati o devices involves the use of copper plating to fill high aspect ratio
sub-micron trenches and vias positioned on sen conductor chips. An acidic
copper sulfate solution of optiEAPAAHTHEANYENIION has proven to be the best
formula for plating mcro-features. Typically, the process consists of
circulating a plating solution froma reservoir to a plating cell and back
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sul fate ions, chloride i ongasdEEROUND OFFHE INEBNTIARE Organic additives
all are inportant parameters for providing acceptable copper deposition.
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is a new application of the conventional electroplating process. The electroplating of high
aspect ratio devices involves the use of copper plating to fill high aspect ratio sub-micron
trenches and vias positioned on semiconductor chips. An acidic copper sulfate solution of
optimized composition has proven to be the best formula for plating micro-features.
Typically, the process consists of circulating a plating solution from a reservoir to a plating
cell and back to the reservoir. A copper anode in thé plating cell provides the source of
copper, which is deposited on the cathode comprising a silicon wafer with the damascene
structure.

The final performance of the plated wafer depends on the electrical and
morphological propcrties of the deposited copper film. The electrochemical bath
composition plays a significant role in deposited copper film properties. The solution
concentration of copper and sulfate ions, chloride ions, metallic impurities, and organic
additives all are important parameters for providing acceptable copper deposition.

The organic additives added to the bath include accelerators, brighteners, |
suppressors, and levelers. The combination of these additives determines filling properties as
well as the film’s initial grain size, brightness or roughness. The optimum bath composition
is maintained by periodic analysis and replenishing of the plating bath.

During operation of the bath, the solution is constantly exposed to environmental



I's mai ntained by periodic analysis and replenishing of the plating bath
During operation of the bath, the solution is constantly exposed to
environnmental 2 7 JUL 2005 -2 oxygen as the surrounding air is entrained
into the recirculating plating solution. It has been deter m$7dﬂﬂba2[|[]§oma
of the organic additives are sensitive to oxidative deconpositioh:

Accel erated organi c additive consunption changes the chem cal conposition
of the bath which, in turn, can adversely affect the acceptability of the
deposited copper film The bath cheni <t conposition can be changed both
by the depletion of one or nore organic additives and by the increased
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SUMMARY OF THE INVENTION

The present invention is based upon the discovery oxygen can be removed from an

aqueous copper plating bath containing organic additives to stabilize the bath against
decomposition of the organic additives by passing the bath through a degasser apparatus
comprising a shell (housing) having hydrophobic hollow porous membranes (fibers) which
extend through the shell. The hollow hydrophobic porous membrane permits passage of gas
therethrough while preventin'sg> passage of liquid therethrough. The plating bath solution can
be passed either through the shell to contact the outer surfaces of the hollow hydrophobic
porous membrane or through the lumens of a hydrophobic hollow porous membranes under
conditions that prevent significant intrusion of the bath solution into the membrane pores
while permitting passage of oxygen gas through the pores. The degasser wherein the bath
solution is introduced into the shell to contact the outer surfaces of the hollow membrane is
referred to in the art as a “shell side degasser™.

In accordance with this invention, a copper anode and a cathode comprising a
substrate such as a silicon wafer, upon which an electrically conductive copper pathway is to

be plated, are immersed in an acidic aqueous copper plating bath in a plating step. The



solution is introduced into the shell to contact the outer surfaces of the
hol | ow menbrane is referred to in the art as a "shell side degasser”. In
accordance with this invention, a copper abode and a cathode conprising a
substrate such as a silicon wafer, upon which an electrically gpg@ﬂgg'
copper pathway is to be plated, are inmmersed in an acidic aqg o] B%ir
plating bath in a plating step. The 2 7 JUL 2005 -3 plating bath contains
organi c additives which facilitate platgng of copper including

accel erators, brighteners, suppressors and | evel ers. Aqueous copper plating
solution is directed to the plating step by being passed through a filter
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Figure 1 is a schematic flow sheet illustrating the process of this invention.

Figure 2 is a graph showing consumption of organic additives in a copper plating bath
without removing oxygen in Example 1.

Figure 3 is a graph showing consumption of two organic additives with oxygen
removal in Example 1.

Figure 4 is a graph showing consumption of an organic additive with and without
oxygen removal in Example 1.

Figure 5 is a graph showing consumption of an oxygen additive utilizing the
degassing steps in parallel in Example 1.

Figure 6 is a graph of efficiency in removing gas in the degasser of Example 4.

Figure 7 is a graph showing consumption of additives in the degasser of Example 4.

DESCRIPTION OF SPECIFIC EMBODIMENTS

Degassing of an aqueous acidic copper plating solution to remove oxygen is effected

by passing the solution through a degasser comprising a shell through which extend
* hydrophobic hollow porous membranes. The plating solution can be passed through the shell

to contact the outer surfaces of the hollow porous fiber membranes or through the lumens of
the bollow porous fiber membranes. The solution is passed through the degasser under

conditions to prevent liquid flow through the pores of the membranes while permitting gas



Figure 7 is a graph show ng consunption of additives in the degasser of
Exanpl e 4. DESCRI PTI ON OF SPECI FI C EMBODI MENTS Degassi ng of an aqueous
acidic copper plating solution to renove oxygen is effected by passing the
sol ution through a degasser conprising a shell through whi chrzezfjnd

hydr ophobi ¢ hol | ow porous nenbranes. The plating solution ca lﬂas@ﬂﬁl

t hrough the shell to contact the outer surfaces of the holl ow porous fiber
menbranes or through the lunmens of the holl ow porous fiber nmenbranes. The
solution is passed through the degasse‘r4Under conditions to prevent liquid
fl ow t hrough the pores of the nenbranes while permtting gas 2 7 JUL 2005
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by the process of U.S. patent application 60/117,854, filed January 29, 1999 which is
incorporated herein by reference.

The vacuum utilized to effect degassing to remove oxygen from the solution
positioned either within the shell or within the lumens of the hollow porous fiber membranes
is between about 10 inch Hg and about 29 inch Hg, preferably between about 25 inch Hg and
about 28 inch Hg.

Typically, the fibers range in length between about 8 inches and about 20 inches
although fibers of shorter or longer length can be employed. Typical conditions of flow of the
aqueous solution through the shell or through the fibers are between about 10 and about-30 |
liters/minute. Under these process conditions, oxygen concentration in the solution is reduced
to below about 6 ppm, preferably below about 3ppm.

The degassing apparatus of the invention generally is made by potting the hollow
fiber porous membrane to both ends of a shell (housing) so that IiQuid flow through the
degasser is effected through the lumens of the hollow fibers or through the portion of the
shell interior not occupied by the hollow fibers. Potting is a process of forming a tube sheet
having liquid tight seals around each fiber. The tube sheet or pot separates the interior of the
final contactor from the environment. The pot is thermally bonded to the housing vessel to



Typically, the fibers range in | ength between about 8 inches and about 20
I nches al though fibers of shorter or |onger |ength can be enpl oyed.

Typi cal conditions of flow of the aqueous solution through the shell or
through the fibers are between about 10 and about 30 |iters/&ithyyg. 2088der
t hese process conditions, oxygen concentration in the solution is reduced
to bel ow about 6 ppm preferably bel ow about 3ppm The degassi ng apparat us
of the invention generally is mde by thting the hollow fiber porous
menbrane to both ends of a shell (housing) so that liquid flow through the
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275 Cuntil the nelt turns clear and are free of trapped bubbles. A recess
i s made 5,266,639 is also suitable. The process involves heating the potting material in a heating cup
at around 275 °C until the melt turns clear and are free of trapped bubbles. A recess is made
in the molten pool of potting material that remains as a recess for a time sufficient to position
and fix the fiber bundle and housing in place. Subsequently, the recess will fill with the molten
thermoplastic in a gravity driven flow. ‘
A unitary end structure, by which is meant that the fibers and the pot are bonded to
the housing to form a single entity consisting, for example, of perfluorinated thermoplastic
materials is prepared by first pretreating the surfaces of both ends of the housing before the
potting and bonding step. This is accomplished by melt-bonding the potting material to the
housing. The internal surfaces on both ends of the housiné are heated close to its melting
point or just at the melting point and immediately immersed into a cup containing powdered
(poly (PTFE-CO-PFVAE)) potting resin. Since the surface temperature of the housing is
higher than the melting point of the potting resins, the potting resin is then fused to the
housing resin — a condition for bonding to occur. The housing is then taken out and polished
with a heat gun to fuse any excess unmelted powder. Without this pretreatment step, the

housing surfaces often detach from the potting surfaces because of absence of intermixing of



in the nolten pool of potting material that remains as a recess for a tine
sufficient to position and fix the fiber bundle and housing in place.
Subsequently, the recess will fill with the nolten thernoplastic in a
gravity driven flow. A unitary end structure, by which is nquq tp?tZﬁﬂe
fibers and the pot are bonded to the housing to forma singl e# ty
consisting, for exanple, of perfluorinated thernoplastic naterials is
prepared by first pretreating the surfaces of both ends of the housing
before the potting and bondi ng step.’fﬁfs i s acconplished by nelt-bonding
the potting material to the housing. The internal surfaces on both ends of
t he housthegwanesidseat ed close to its nelting point or just at the nelting
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voltage is established between ahode 16 and cathode 18. Spent solution is
to reservoir 28. At reservoir 28, the spent solution 30 can be analyzed for organic

concentration and concentration of additive decomposition product. Based on the analyses,
organic additives can optionally be added to solution 30, The solution 30 then is pumped by
pump 32 through particle filter 34, conduit 33 and then through degasser 42 containing the
hollow porous fiber membranes in a housing as described above and wherein a vacuum is
drawn through conduit 44. The degassed solution with reduced oxygen concentration is
returned to tank 12 through conduit 20. It is to be understood that a plurality of degassing
units 42 can be utilized either in parallel or in series to reduce oxygen content of the solution
being cycled through the process of this invention.

The following examples illustrate the present invention.

Two types of experiments were performed: [1] without degasser and [2] with
degasser in the plating bath system to determine if the additive consumption can be
controlled/reduced.

Example 1 Experiments Without degasser

Experiments were performed in a copper electroplating tool. The plating solution

from a reservoir (~75 liters) is circulated (~17 liters/min flow rate) through a plating cell



renmoved fromtank 14 as indicated by arrows 22 and 24 through conduit 26
and is directed to reservoir 28. At reservoir 28, the spent solution 30
can be analyzed for organic concentration and concentration of additive
deconposition product. Based on the anal yses, organic addit'ﬁ?s ca&
optionally be added to solution 30. The solution 30 then is 2 npﬂﬂ. Wﬁ punp
32 through particle filter 34, conduit 33 and then through degasser 42
containing the hollow porous fiber nenbranes in a housing as descri bed
above and wherein a vacuumis drawn through conduit 44. The degassed
solution with reduced oxygen concentration is returned to tank 12 through
condui t &fhtaihing asilicon wafeti catRodet andch ddppr anodeuTae bdlyticf addéipas aregaintaivietls 42
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thg bath were monitored as profiled in Figure 3.

As shown in Figure 3, the process with a degasser lowers the dissolved oxygen in the
solution by about Ippm. The concentration of component X in the additive is less affected
(consumed) with the degasser or without the degasser. These results are shown in Figure 4.
The data show that with the degasser on, the consumption of the additive component X was

less.

Example 3, Three Degassers and Nitrogen Blanket
Three degasser modules of the type uses in Example 2 were installed (in a parallel

configuration) in the copper plating unit. The objective was to determine incremental
improvements in degassing efficiency and its effect on the additive consumption, over time.

The system performance was also improved by reducing/eliminating the sources of
oXxygen entrainment into the plating solution at the cell overflow, drain pipe return line, and
the solution reservoir by infusing nitrogen and covering these areas with appropriate plastic
lids or plastic sheeting.

Preliminary results indicate the degassing efficiency increased to about 40% with
three degasser (vs 10-15% with one degasser). Upon adding/covering various exposed areas

with a nitrogen blanket, there was a significant improvement in the degassing efficiency in ~



degasser unit turned on ( -26 Hg vacuun). The degasser unit included 10
inch hollow fiber skinned PFA ultrafiltration nenbranes. The dissol ved
oxygen and additive concentration in the bath were nonitored as profiled
in Figure 3. As shown in Figure 3, the process with a degasse%ﬂ gmr?ﬂm—)he

di ssol ved oxygen in the solution by about | ppm The concentrati o]
conponent X in the additive is less affected (consuned) with the degasser
or without the degasser. These results _are shown in Figure 4. The data
show that with the degasser on, the c6r$s'urrpti on of the additive conponent X
was |ess. Exanple 3. Three Degassers and Nitrogen Bl anket Three degasser
nmodul es X6t hbe bathsamples were @g'mzd or additive conssmation dTld resaltsshowld el
configuration) .in the copper plati unit. The objective t.o. det er m ne
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di ssol veghegoiy 8 pihting isolitib Cort @ is Vuter istirfadds D€ hblgsw hiiko fiberof | owering

the consunption of sonme additives in a copper electroplating bath. Exanple
4 membranes positioned within a shell.

A Liqui-cell degasser available from Celgard, Inc., Charlotte, N.C., U.S.A. , (liquid

flow on the outside of hollow fiber, vacuum on the lumen side) was installed and operated for

about 10 days. The integrity of the degasser was very good. There was no sign of weeping
of leaking. The single pass efficiency was 37 +/- 8% at 4.5 GPM solution flow rate. The
totgl system efficiency was about 73 +/ -5%, which was calculated based on the saturated O,
level in the bath. The analysis of additives showed that the degasser reduced the
consumption rate of Additive X. (A) The integrity is determined in two ways. [1] Before
the installation, the degasser is subjected to a 60 psi water pressure on the shell side. Any
structural defects would manifest by leaks at the potting ends. An absence of any such leaks
would indicate the degasser is integral. [2] Afier the installation, the test involves a visual
observation for the presence of any plating solution on the gas side. (B) Total system
efficiency. The system efficiency for oxygen removal is the ratio of the dissolved oxygen
concentration in the bath at any time to the initial oxygen level at the start of the run.

bath oxygen concentration at time t (ppm)
% system efficiency =

initial bath oxygen concentration (ppm)

Experimental

The experiments were performed in a re-circulated copper plating tool under the



This exanple illustrates the process of this invention utilizing a shell
si de degasser wherein a plating solution contacts the outer surfaces of

hol | ow hydrophobic fiber nenbranes positioned wt hi n a shel | . A Liqui-cell
degasser available from Celgard, Inc., Charlotte, 2 7 E!I. msd
fl ow on the outside of hollowfiber, vacuum on t he Iurren Sld w&l

installed and operated for about 10 days. The integrity of the degasser
was very good. There was no sign of weeping of |eaking. The single pass
efficiency was 37 +/- 8%at 4.5 GPM solaution flow rate. The total system
efficiency was about 73 +/ -5% which was cal cul ated based on the saturated
@2 | evefollowidghspekaing cofdiioranal ysi s of additives showed that the degasser

reduced the consunption rate of Additive X (Oé JThe integrity is
det ermined ih HAwys 9§n6ﬁ214n®@fm¢l@getmﬁlabm§4 OB timplated he degasser is

subj ect ed to, a 60 wat er, sure,.,on 5| de. structural

defects would F?i‘gwaﬁ? I3é§ viithou b@lﬂ %"i tre ﬁﬁﬁl)s/ence of any such

| eaks woul d, i REiLGAL %ﬂ%@ﬁﬁthk@tainm gcgﬁ@(*] cath8lof ter the installation,
er t

the test involves a VI sual vation 1or e pre ence of any plating
solution on th as si ) stem e A ste

ef ficiency forﬁg’g’pbaé‘?f%einﬂ(? &gﬁ'ﬁhgu%ﬁfaiugeﬁf #F/éﬁ* gé‘f{é + -
concentration at o ¥t | oL | at the
start of the rE? a’t? o%ygen conceogt&r%/m@%ﬂflﬂ%dﬁS@HgG / g%zlystem

ef ficiency = i itthoads dpatahionwjithent intenuptidnsat i on (ppm) Experl mental The
experiments were performed in a re-circulated copper plating tool under the
2 7 JUL ZBQSM 9 follow ng operating conditions: A used Gen6B2 Anode
package ? %ﬁig 0O & plated Anode flowrate: 340 m/mn wthout the
anode downstream {1 40 ma/cnR current density with rotating cathode
at 20 rpm FA@Bth&iﬁF—fglﬂeE thé deghsserGinldle peReBicRhEY Was3 715/ -84 theodbhont

Additive X = 5,0 +/ -
the testing period. The total system efficiency was about 73 +/ -5%, which was calculated

based on the saturated O, level in the bath.
Additive Consumption Results

Additive consumption rate was measured with and without degasser. As shown in
Figure 7, the degasser reduced the consumption rate of additive “X” by nearly 50%;
degassing had less effect on the consumption rate of additive “Y”. Based on the normal
cdnsumption rate of 0.15 ml/Amp. hrs (as circular points shown) for Gen6b3, degasser

reduced the consumption rate by 38%.



1.0 mM/L, Y =14 +/ -2.0m /L, Cl= 60 +/ -10ppmand H2SO4 = 20 +/ -10g/1 24
hours operation without interruptions Results Degasser Efficiency As shown
in Figure 6, the degasser single pass efficiency was 37 +/ -8%t hroughout
the testing period. The total systemefficiency was about 7322/ E \s/m ch
was cal cul ated based on the saturated O2 level in the bath de”J 2@]
Consunption Results Additive consurrpt;lhon rate was neasured with and w t hout
degasser. As shown in Figure 7, the'degasser reduced the consunption rate
of additive "X" by nearly 50% degassing had | ess effect on the
consunption rate of additive "Y'. Based on the normal consunption rate of
0.15 m/Anp. hrs (as circular points shown) for Gen6b3, degasser reduced
the consumpij.eq;fate by 38% 2 7 JUL 2005 -10 lire aim 1. The process
for renoving oxygen froma copper plating solution which conprises:

passi ng sai d solluThemmocess fergemening oxygeh fromafceppersplasing haluition whieh deromlsesbi ¢ fi ber

menbranes  for npdgof saf stahW?{%rcoﬁ&E @ﬁlf %ﬁf\%% ﬁf;ﬂo aﬁhﬂ?@ﬂ@ol@ﬁ’&? 1%5&9:5 of poly

(tetrafl uoroget hyI ene- co- | uoro(a
(t et raf | uor BEReH P bprbrrecs st %9@& mmdhwwwynse?h@)ofps'au('atfﬂ%@ﬁthy PI"@T‘PBT anes bei ng

posi tioned H&ﬂu’ﬂio(hll@lvﬂ]ﬁﬂer)%d'p%lnyeﬁ‘éﬂuQrgetﬁ'} l&@%@ﬂ@iaﬂﬂo@#ﬁﬂy@eﬁ@ssamﬂ@ﬁ' d

menbranes not .in contact wth said solution | e avoi supst anti al
i ntrusion ofeEEIngs being psitionsd WH’E'BaHt?Fé‘@”‘b‘?’a‘%‘élF ﬂ"%‘é‘ff‘b?‘hﬂ’éfa%’?ﬁa B mitting

passage of .aenymss fot MIreomadt thith ediditalion whilta06igiRg mbtdntmhemon%fsa’rme process of
claim1l V\:hel‘@ho the co gl tlg&ﬂ of ,said.sol uti nﬁnlt qu

conponent s S U¥HM PEST P M ?"%ﬂ'&é’ﬁ“\“g"gs"éfsag Ioﬁ)tf"le?) °'8§alﬁ%°cf 5 to retain
t he conposithiowghsaidpbrss.anti al |y constant. 3. The process of any one of
claims I or 2 wherein a surface of said solution is

2. The process of claim 1 wherein the composition of said solution is monitored and
components of said solution are added to said solution as needed to retain the composition

substantially constant.

3. The process of any one of claims | or 2 wherein a surface of said solution is

covered with a gas selected from the group consisting of nitrogen and an inert gas.

4. The process of claim 1 wherein said solution contacts outer surfaces of said hollow

hydrophobic fiber membranes.

5. The process of claim 1 wherein said solution contacts lumens of said hollow

hydrophobic fiber membranes.

6. The process of claim 4 wherein the composition of said solution is monitored and
components of said solution are added to said solution as needed to retain the composition

substantially constant.

7. The process of claim 5 wherein the composition of said solution is monitored and
components of said solution are added to said solution as needed to retain the composition

substantially constant.



covered with a gas selected fromthe group consisting of nitrogen and an
inert gas. 4. The process of claim1 wherein said solution contacts outer
surfaces of said hollow hydrophobic fiber nenbranes. 5. The process of
claim| wherein said solution contacts lunmens of said hollow 2yduepRfs c
fi ber menbranes. 6. The process of claim4 wherein the conposition of said
solution is nonitored and conponents~ bt -said solution are added to said
solution as needed to retain the conposition substantially constant. 7.
The process of claim5 wherein the conposition of said solution is
nonitored and conponents of said solution are added to said solution as
needed to retain the conposition substantially constant. 2 7 JUL 2005 -11

8. IT[le process of gg‘m?ﬁpr@ées@oﬁ' nétcffrcla]?mme?rﬁb' rMﬁr&Wélfs%FfﬁceOtEf sl d
solution is covered w ecte romthe consi stin

ni trogen and é‘ﬁ“ti“ﬁ‘éF Povﬁé"g gy aﬂ?‘?eselﬁ?t@ frew thegropp, ﬁ‘(}ﬁ F’?do

copper platingasmktghson which conprises: passing said soI ut| on in cont act
wi th surfaces of holl ow hydrophobic fiber nmenbranes having a surface
energy equal to or greater than 23 dynes/cm positioned within a shell

whil e drawi ng a vacsumn pmcesmfdraaﬁming o@g&ﬂfrmm@neﬁaumbluhm whinli act with
said solution whil avoi l%l Qﬂd S(lﬂu i on shoLutl on into

a
pores of said men%nses B¥3h perm f‘fn mﬁorb%g’éééwﬁ ﬁg%wh%?ﬁ’ Sal'd  sol ution
t hrough said pﬁb@meHMneﬂ'hwnmmdas: anf:rgyle@.lahtogar\gteateethanﬂhéynwmbr anes have a

surface ener 9Y oo Rl whitn Sl SA1E 130, ATt RSTIER ofhia lifritipocss of

clains 9 or ereln osition o sal s nnnltored and
conponent s of s@mcwcuwb ﬁﬁ“éii(émmwét!letabmélaﬁ substential H@WSIQB ofgded to retain

the conposi ti ogsidashie Pbies bt 4idAOREAM and permitting passage of oxygen from said

solution through said pores.

10. The process of claim 9 wherein the membranes have a surface energy

equal to or greater than 25 dynes/cm.

11. The process of claims 9 or 10 wherein the composition of said solution
is monitored and components of said solution are added to said solution as needed

to retain the composition substantially constant.

12. The process of anyone of claims 9 or 10 wherein a surface of said
solution is covered with a gas selected from the group consisting of nitrogen and

an inert gas.

13. The process of anyone of claims 9 or 10 wherein said solution contacts

outer surfaces of said hollow hydrophobic fiber membranes.

14. The process of anyone of claims 9 or 10 wherein said solution contacts

lumens of said hollow hydrophobic fiber membranes.

15. The process of claim 13 wherein the composition of said solution is
monitored and components of said solution are added to said solution as needed to

retain the composition substantially constant.



12. The process of anyone of clains 9 or 10 wherein a surface of said
solution is covered with a gas selected fromthe group consisting of
nitrogen and an inert gas. 13. The process of anyone of clains 9 or
wherein said solution contacts outer surfaces of said holl omQtWQnmpIQQ{]ﬁ c
fiber nenbranes. 14. The process of anyone of claims 9 or 10 wherein said
solution contacts [unmens of said holhbow hydrophobic fiber nmenbranes. 15.
The process of claim 13 wherein the corrp05| tion of said solution is

nonit ored and conponents of said solution are added to said solution as
needed to retain the conposition substantially constant. 2 7 JUL 2005 -12
16. The process of claim 14 wherein the conposition of said solution is
nonit ored and conponents of said solution are added to said solution as
needed to retain6t e pomgpeiftddn Hibdt@in ihaldompcsiﬁtmt afhsaid tdlutichhis pr ocess
of anyone of cl ai. 13.0r 14 wherei sur soluti.on is covered
with a gas sel BUFQF dfaP%ﬁ?'P%"é‘e’\gﬁﬂ Sﬁsﬁxg%ﬁg’iog f"ier"ilg‘?egfo Fﬁlcﬁogl&gﬁ aﬁﬁecfdecgtﬁ i nert
gas. 18. A sygtiinthoconglositibmspbatastidhytcomstant. M t h copper whi ch conprises: a
housi ng cont ai ni ng an anode, a cathode conprising said substrate and a
copper plating bath containing at | east one organic additive, a degassing
unit containing tﬁ)l’lﬂmvprp@ssﬂuﬁ ahydaerofnadaiins ddes Hawherginaa shfaute ®blsaildi c
surface, neans

menbr anes, andsor?glglﬁ croﬁ?re% \élag%? ?ﬁ%@aﬁ‘%”%ﬁéﬁ@fp c%ﬁséf Pﬁ@f B 'ioﬁgnnm;a\l/]éel;ll ts)aiir d
housi ng and saiigkroggasser. 19. The system of C aim 18 which includes neans
for renoving :
18. A system for plating a substrate with copper which comprises:
a housing containing an anode, a cathode comprising said substrate and a
copper plating bath containing at least one organic additive,
a degassing unit containing hollow porous fiber membranes having a
hydrophobic surface,
means for drawing a vacuum in Jumens of said hollow porous fiber
membranes,
and means for circulating said copper plating bath between said housing

and said degasser.

19. The system of Claim 18 which includes means for removing

particles from said copper plating bath positioned between said housing and said

degasser.

20. The system of any one of claims 18 or 19 including means for
adding said at least one organic additive to said copper plating bath.

21. The system of any one of Claims 18 or 19 wherein an
atmosphere within said housing comprises a gas selected from the group

consisting of nitrogen and an inert gas.

22, The system of claim 20 wherein an atmosphere within said
housing comprises a gas selected from the group consisting of nitrogen and an

inert gas.



particles fromsaid copper plating bath positioned between said housi ng and
said degasser. 20. The system of any one of clains 18 or 19 i ncl uding
nmeans for adding said at | east one organic additive to said copper plating
bath. 21. The system of any one of Clains 18 or 19 wherein an ga&r@ﬂp@ni
W thin said housing conprises a gas selected fromthe group cOnsi‘Sth f
nitrogen and an inert gas. 22. The system of claim20 wherein an atnosphere
wi thin said housing conprises a gas s ected fromthe group consisting of
nitrogen and an inert gas. 2 7 JUL 2005 -13 23. The process for reducing
consunption of at |east one organic additive in a copper plating bath

whi ch conprises: passing said copper plating bath froma housing

cont ai ning said copper plating bath, an anode and a cathode conprising a

substrate to be plat ﬁd Wi th_copper to a degasser containjng hollow porous
fiber menbranes 2havilAGPIRCHS B BIHEBE consuppianof aldeastens 9r&iGacuum i n | unens of

sai d hol I ow paddpsi® iﬁh_@@fpex?m;g%aﬁ&vﬂial confpRigase @M@ﬁm&bﬁb&ﬁhg copper
pl ati ng bath gnd passi ng degassed copper ~_p a]gl ng bath to sajd-housing. 24.
The process oPatlfigmp bousipgconfpining saidrcopperplatiag bagh.op anodedid AERthdsr ti cl es from

sai d copper ptahprizthghatibstiaress bé slaed wih viRNMo%Aeastte bsiitdising Asllonai d
degasser. 25. The fﬁ:ireocess of anﬁongﬁf claims 23 or 24 which includes the
step of addi nBPr8Y fhepmampranssdaying a hudiophable spaai d copper pl ating bat h
between said housdriging B vaaausl ifl RG&as 6f said hollow porous fiber membranes to

remove oxygen from said copper plating bath and passing degassed copper
plating bath to said housing.

24. The process of claim 23 which includes the step of removing
particles from said copper plating bath positioned between said housing and said

degasser.

25.  The process of anyone of claims 23 or 24 which includes the

step of adding an organic plating additive to said copper plating bath between said
housing in said degasser.



