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- THE INVENTION Field of the Invention 5 The present invention relates to a
fluid delivery systemw.th particular application to an elect r(ﬁ)lpw% 2004
system Background of the Related Art Sem conductor processing systens
“typically require fluid delivery apparatus to 10 supply chem cal s and
other fluids to various -conponents of the processing system For exanple,
el ectropl ating involves the use of an electrolytic solution to plate a
conductive surface fornmed on device features of a substrate. The substrate
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mai ntain a uni formchem cal conposition, the electrolytic solution is
continuously cjrqul ate processing cells and the fluid source
whi ch al so = actss O"B‘P Bﬁ% £l &R em cal conmponents of the electrolytic
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surface with a metal, such as copper. After flowing past the substrate, the fluid 1s
emptied into a fluid source such as a tank or reservoir and then cycled back to the cell.
20 In order to maintain a uniform chemical composition, the electrolytic solution is
continuously circulated between the processing cells and the fluid source which also
acts to replenish the chemical components of the electrolytic solution. Thus, a
continuous supply of the electrolyte can be flowed past the substrate.
Figure 1 is a simplified schematic of an electrolyte delivery system 10. A main
25  tank 12 provides a bulk source of an electrolytic solution. The composition of the
solution in the main tank 12 is controlled by a dosing module 14 which supplies the
various constituents of the solution in the desired proportions. A supply line 16 cou‘plcs
the main tank 12 to processing cells 18 located downstream wherein substrates (not
shown) are disposed during processing. A pump 17 disposed in the supply line 16
30  causes the solution to flow from the main tank 12 to the cells 18. The electrc:lytic
solution is flowed through the cells 18 and subsequently expelled from the cells 18 via
outlet lines 20. The outlet lines 20 dispense the electrolyte to an electrolyte retumn
module (ERM) 22 which is fluidly coupled to the main tank 12 by a retumn line 24. A

pump 26 disposed in the return line 24 pumps the spent electrolyte from the ERM 22




punp 26. di sposed in the return line 24 punps the spent electrolyte fromthe
- ERM 22 01 APR 2004 2 back to the main tank 12. One problemw th cﬁ:rllr%tm 2004
fluid.delivery systens, such _as the system 10 shown. in _Figure 1, is the
use of punps 17, 26 to circulate the fluid fromthe main tank 12 to the
~cells 18 and back to the main tank 12. 2Purrps 17, 26 are typically positive
5 di spl acenent punps enploying the use of diaphragns to provide lift at a
suction inlet and pressure at an outlet. Such punps require periodic
mai nt enance or replacenent as conponents, such as the diraphragm becone
wor n. Addi t i ortkk Yo thpiiin akpbnent s, such as the diaphragm are a source

of contam nation for the electrol yte_as e conponent.s degrade er tine.
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SUMMARY OF THE | NVENTI ON"'The present invention generally relates to_a fluid
del i very syst eofi the electpelyte avet the surface of the substrate. In order t6 ensure uniform plating
over a substrate surface at a constant rate, the flow rate of electrolytic solution in the
cells must be maintained substantially constant during processing. However, the rapid
action of pumps creates massive impulses in the system resulting in pulsed flow of the
20  electrolyte in the cell. Thus, the flow pulses caused by the pumping action of the
pumps causes the flow rate of solution in the cells to vacillate. Further, the pulsed flow
can also force particles through filters disposed in the delivery system, thereby
rendering the filters ineffective even for larger particles normally captured by the filters.
Thus, the use of pumps in a fluid delivery system can present considerable cost in
25  parts, labor, down-time and defective devices.
Therefore, there is a need for a fluid delivery system which eliminates or

minimizes contamination of the fluid as well as flow pulses by use of components such

as pumps.

30 SUMMARY OF THE INVENTION
The present invention generally relates to a fluid delivery system with particular
application to an electroplating system.

In one aspect, the invention includes two or more reservoirs fluidly connected to




application to an electroplating system In one aspect, the invention

I ncludes two or nore reservoirs fluidly connected to 01 APR 2004 ﬁ,fqﬁﬁfruﬂ‘
nore processing cells by a supply line and a return.line. The upp f 3

|l evel s in the two or nobre reservoirs are mai nt ai ned vertically displaced
by a height fromthe processing cells3to facilitate gravity-assisted flow
of fluid fromthe processing cells to the reservoirs via the return |ine.

A gas source is coupled to the reservoirs to selectively 5 pressurize the
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t he above reci atures, advantages and objec
processing system ‘and the pair of reservoirs. Pressunzmg a first reservoir induces fluid
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flow from the first reservoir to the processing system. Fluid is flowed from the
20 processing system to a second reservoir by gravity. Upon reaching a low fluid level in
the first reservoir and a high fluid level in the second reservoir, the direction of fluid
flow is reversed so that fiuid is flowed from the second reservoir to the processing
system and from the processing system to the first reservoir. Flud flow from the
second reservoir is induced by pressurizing the second reservoir. Fluid flow from the
25  processing system to the first reservoir is provided by gravity. The flow rates to and
from the processing system is preferably maintained substantially constant to allow for

a uniform flow rate and constant fluid level in the processing system.

BRIEF DESCRIPTION OF THE DRAWINGS

30 So that the manner in which the above recited features, advantages and objects
of the present invention are attained and can be understood in detail, a more particular
description of the invention, briefly summarized above, may be had by reference to the

embodiments thereof which are illustrated in the appended drawings.



of the present invention are attained and can be understood in detail, a
nore particular description of the invention, briefly sunmari zed above,

may be had by reference to the enbodi ments thereof which are il $tABR 2004
in the appended drawings. 0 1 APR 204 It is to be noted, however, that
t he appended drawings illustrate only typical enbodinents of this

i nvention and are therefore not to be considered linmiting of its scope,
for the invention may admt to other equally effective enbodi nents. Figure
1 is a schematic representation of a prior art fluid delivery system. a?
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for an el eC”%Q&ﬁﬁirW%rﬁ | finigheyl d be understood that the invention

contenpl ates application to other processing arrar]gem_ants such as_for_a
chemi cal mechani calFigwt i3siniarsghenyaticanprasentation of) ther fuid dplivery systape of Figvee 2
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processi ngochagkgrs by a supply line and a return line. In operation, fluid
flows in a loop framthe processi.ng chanbers to the reservoigsh avity
flow, and fromthé:lg‘ggér’gﬂ)?‘sr:}'g"ia ¢ fepEesEiehagian ‘Efe?“bﬁﬁlé%%ﬁ%’éa{]%“%\i}g%l onme
gravity). A gaSsRQUr ce I's coupled to the reservoirs to selectively
pressurize the'reservoirs and cause fluid flow 25 therefromto the

processi ng chanbers through the supply line. The fluid levels in the
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gravity-assiste anbers to the
reservoirsisvi a t he Tiet present imentivreprovides a ffluid delivenebwstamn Wikilepthg dedewing
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of fluid understood that the invention contemplates application to other processing
arrangements such as for a chemical mechanical poliépjng system which requires the
delivery and recirculation of chemicals such as slurry.

20 In general, the invention includes two or more reservoirs fluidly connected to
one or more processing chambers by a supply line and a return line. In operation, fluid
flows in a loop from the processing chambers to the reservoirs by gravity flow, and
from the reservoirs to the chambers under pressure (to overcome gravity). A gas source
is coupled to the reservoirs to selectively pressurize the reservoirs and cause fluid flow

25  therefrom to the processing chambers through the supply line. The fluid levels in the
reservoirs and the processing chambers are controlled to facilitate gravity-assisted flow
of fluid from the processing chambers to the reservoirs via the return line when the
fluid levels in the processing chambers are higher than the fluid levels in the TESErvoirs.

Valves disposed in the supply line and return line control the direction and rate of fluid

30 flow. In operation, the reservoirs are alternately filled and emptied with a, fluid
circulated between the reservoirs and the processing chambers. The reservoirs are filled
by communicating with the processing chambers and allowing fluid flow from the

chambers due to gravity. The reservoirs are emptied, i.e., the fluid is flowed therefrom




30 flow. In operation, the reservoirs are alternately filled and enpti ed
wth a, fluid circulated between the reservoirs and the processi@gle 004
chanbers. The reservoirs are filled by comunicating with the pr¥c s‘sﬂ&&
chanmbers and allowing fluid flow fromthe chanbers due to gravity. The

reservoirs are enptied, i.e., the fluid is flowed therefrom 01l APR 2x04 5
and to the processing chanbers, by alternately pressurizing each reservoir
using the gas source. Alternately filling and enptying the reservoirs

relative to one another at constant rates enables naintenance of the flow
rate in the prandeéstepgoehsmberambersaby sltepsateln plesyungingsadt gerrvaiakias ietddut

the pressure and fl oy, spikes_ i.nduced : I cal i Fi S
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desired comgcenyjfatien tpgl{ée 10 chemicals in an electrolytic solution. The
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substrate processin emb54 is preferably an electroplating pl atf&ém
i ncl udi ng one or niMgwpRiteschemgiceimibid deliventsysemey ofdhs RresaspinyvERiipn,
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Is merely illustrative fqr. purposes.qf describi.ng. . Lavent hon.
Ot her cel>ll deﬁrﬁﬁgewwpﬂ%ﬁwggfseogﬁﬁ"ﬁ%% 'toomaéﬁvg’n% ggsé‘% ﬁ%ﬁ&%ggtgo‘én& he

i nvent i on.gThepeheGly igRhaldchBlysielsblufién. TEResublttaye proopsing agstam Gdlib pledetybl§7
having an opening on the top portign thereof. The cell bqdy 57.i
preferably nmaca d¢ctepplatiag platiors anqlyding, evf of PYE %“teé-‘r%Fh@?F&\#’ Hk?l'%ﬁ‘tﬁ oflls; ¢
whi ch does notshreak, domii & Fifire28). PORS SREFoppiing! Phtiohal WRICHimaYNe adtd tbs

si zed and shaped*cylindricallyn order to accommodate a ge_nerall?(m:'
circul ar substadatmtage isdheElkenmaMHEGRSysterpavailable from WepliedsMptrialst Wealrgated) |

shapes are cont ed. _A.plating chanber 59 is fornmed interior to the
outer di amter‘nﬁg{aﬂ‘gm@e??ﬁlfg% 57 to contain an electrolytic solution 61.

Afluid iyet |inergcdisseceinach®inat 265 mesdillustrative fooptrpescpof dessriboe t he
Cormuni oAt  on BepRER PHENSPar O cUhARRE By ZRPPRE BHoRRCR) A,
as will be desgrihethveal@WThARIRRAM kR RIS gefefallyscingyrizeda edll iy Iimringnd
of the plati ngﬁ?z anber 59. The weir 6'? i s positioned to
an opening on the top portion thereof. e cell body 57 1s preferably made of an
electrically insulative material such as a plastic which does not break down in the
20  presence of plating solutions and is sized and shaped cylindrically in order to
accommodate a generally circular substrate at one end thereof. However, other
substrate and cell shapes are contemplated. A plating chamber 59 is formed interior to
the outer diameter of the cell body 57 to contain an electrolytic solution 61. A fluid
inlet line 87 is connected at one end to the bottom portion of the cell body 57 and at
25  another end to a supply line 62 to provide fluid communication between the plating
chamber 59 and the chemical cabinet 52 as will be described below. An annular weir
67 is formed at an upper end of the plating chamber 59. The weir 67 is positioned to
allow fluid to flow from the plating chamber 59, over the weir 67 and into a return
annulus 69 formed between the plating chamber 59 and the outer diameter of the cell
30  body 57. The weir height substantially establishes the greatest height of the electrolyte
in the system shown in Figure 2 as fluid height 93. A fluid outlet line 89 connected at
one end to a lower portion of the cell body 57 and at another end to a return line 64,

thereby providing fluid communication between the return annulus 69 and the chemical



allow fluid to flow fromthe plating chanber 59, over the weir 67 and into
a return annulus 69 forned between the plating chanber 59 and the outer

di aneter of the cell 3Q.body 57. The weir height substantially e&l‘[aApngm
-the greatest height of the electrolyte in the systemshown in Figure 2 as
fluid height 99. Afluid outlet Iine 88 connected at one end to a | ower
portion of the cell body 57 and at another end to a return line 64,

t hereby providing fluid communi cati on between the return annulus 69 and the
chemical 0 1 APR 2004 6 cabinet 52 as described below in nore detail. In
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of a fluid bet n,t.he .gal cabinet 52 and the processing system 54.
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fluid-tight re%l?eef‘\‘}ﬁitﬁg VBBOUSs GOPRen oﬁ(ﬁaﬁeﬂgseﬁhe%{ F%llgflgt’ [}gé@gf}ﬁﬁt ?%n_ 61. _C'Fhe .
[ €SEr Voi I ) Ar espEdt e Mk Invic@broeetsal/catimoterss losyeraesthe daptont §f the fhudtdehvetat e
equal volunes of fluid and are made of materjals whjch e . relatively

i npervi ous to wwfb@é?\aﬁ?wé?rt%’@ﬂ'ﬁ?%?ﬁhtvﬁ? ?)‘Jlaab‘i”ﬂ eg"‘éﬁeﬂﬁf’%ﬁhse? llcaﬁcclaulglétnsgz
PVDF, PFA, PTER 8le gme&eia'g NGhieRANs 4. hargrefably dpnmiesiockissmtbntrdllee Slesealsai rs
58, 60 each 25 have capaci fy of 15 gallons. For iIIust3raIt_;Ii ve purposes,
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control system may also be used.

20 The chemical cabinet 52 includes at least two fluid-tight reservorrs 58, 60 for
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holding electrolytic solution 61. The reservoirs are preferably of equal dimensions and
capacity to accommodate equal volumes of fluid and are made of materials which are
relatively impervious to corrosion or attack from the plating solutions, including PVDF,
PFA, PTFE or a combination thereof. In one embodiment, the reservoirs 58, 60 each
25  have a capacity of 15 gallons. For illustrative purposes, the electrolytic solution 61 in
the first reservoir 58 is shown at a low fluid level 63 and the electrolytic solution 61 in
the second reservoir 60 is shown at a high fluid level 65. However, in operation, the
fluid level in each reservoir 58, 60 alternates between a low fluid level and a high fluid
Jevel, as will be discussed below. Sensors 66, 68 provided on each of the reservoirs 38,
30 60 monitor the fluid levels therein during operation. One sensor which may be used to
advantage is a capacitance-type sensor or a ultrasonic-type sensor both of which are
know in the industry. A first sensor 66 monitors and detects the low fluid level 63

(shown in the first reservoir 58) and a second sensor 68 monitors and detects the high
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20  plurality of valves 72, 78 disposed in the supply line 62 and return line 64. A first

valve 72 is disposed in the supply line 62 at a tee connection where the supply line 62
splits to connect to the first reservoir 58 and second reservoir 60 via a first outlet line 74
and 2 second outlet line 76, respectively. Similarly, a second valve 78 is disposed 1in
the return line 64 at a tee where the return line 64 splits to connect to a first inlet port
25 100 of the first reservoir 58 and a second inlet port 102 of the second reservoir 60 via a
first inlet line 86 and a second inlet line 88, respectively. Preferably, the flow rates are
monitored and controlled through supply line 62 and the return line 64. Thus, in the
embodiment shown in Figure 2, a pressure transducer (PT) 81 is disposed in the supply
fine 62 and a flow meter (FM) 83 is disposed in the return line 64. The pressure
30  transducer 81 monitors the pressure level in the supply line 62 and the flow meter 83
monitors the flow rate in the return line 64. The pressure transducer 81 and flow meter

83 are merely illustrative of measurement devices which may be used to advantage and

other embodiments may include any combination flow meters and pressure transducers.
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the esﬁndecr)stoc?d ﬂ51§t’ in another embodiment, the fluid inlet ports 100, 102 are positioned on

20  the reservoirs 58, 60 so that back filling into the inlet lines 86, 88 is allowed. For
example, the ports 100, 102 may be positioned at a lower end 104 of the reservoirs 58,
60 as are the outlet lines 74, 76 in Figure 2. The resulting pressure and flow rate
fluctuations may then be compensated for by various methods known in the art, such as
by mass flow controllers disposed in the supply line 62 and/or return line 64.

25 As shown in Figure 2, the fluid levels 65, 98 in the cells 56 and the reservoirs
58, 60, respectively are preferably at least vertically displaced from one another by a
height D,. As used herein, height D, is defined as the distance between the ports 100,
102 and the fluid level 98 in the return annulus 69 of the cells 56. The height D,
enables gravity-assisted fluid flow to facilitate fluid flow from the cells 56 to the

30 reservoirs 58, 60. By “gravity-assisted” is meant that the height D, provides a positive
pressure differential (AP,) between the cells 56 and the reservoirs 58, 60 along the
return line 64. Such a pressure differential (AP,) is maintained (although it decreases as

D, decreases) so long as the fluid level 98 is maintained at a height D, ligher than the
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differential (AP,) can be described according to Equation 1: Equation 1:

6P, ='/zpv22 -1/2pV,2 + PgDl1 20 where p is the density of the electrolytic

solution 61, g = equghdiohhe asPet wpat’i-okpv,bf pglle el ectrol ytic solution 61
due to gravity (9.8m's2), v2 is the fluid velocity in the

20 where p is the density of the electrolytic solution 61, g = equals the acceleration
of the electrolytic solution 61 due to gravity (9.8m/s%), v, is the fluid velocity in the
return annulus 69 at the height D, above the ports 100, 102, and v, is the fluid velocity
at the ports 100, 102. Note that when v, and v, are small, the pressure differential is
essentially given by pg D, (hydrostatic pressure).

25 The volume flow rate R (having S7 units m’/s) at the ports 100, 102 can be

described by Equation 2:
Equation2: R=A,v,=A,v,

30 where A, is the cross-sectional area of the ports 100, 102, at which point the
fluid velocity is v, and where A, is the cross-sectional area of the return annulus 69 at

which point the fluid velocity is v, at height D,. In any event, the return line 64 must be

sized and configured so that the retumning electrolyte does not back up in the return




return annulus 69 at the height D, above the ports 100, 102, and v, “SMQW‘
fluid velocity at the ports 100, 102. Note that when v, and v2 arg ,

the pressure differential. is essentially given by pg D;--(hydrostatic

pressure). 25 The volunme flow rate R (n)avi ng SI units m/s) at the ports

100, 102 can be described by Equation 2: Equation 2. R=A v, = A2v, 30

where A, is the cross-sectional area of the ports 100, 102, at which point

the fluid velocity is v, and where A2 is the cross-sectional area of the
return annulus 69 at which point the fluid velocity is v2 at height D,. In

any event, thennduuéhtd thebeight aftistwéie67.si zed and configured so that the
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reservoi r51058,ch29][ber5@|_though not shown in Figures 2-3, the dosing nodule 53
may be connected to each of the reservoirs 58, 60 by conventional .coupling
devi ces such as supfheyddsingesodulr &% shoail ig Figuge £ linepuptaddp shq ehemict Soinetade

used to neasure anggggl&{cﬁte \trh%ug Ic %ﬁghftb%hgﬁiergtgﬁf@ ggg dql&g%gsrggglébe 53

to the reservdPr¥'% ring processing, em ca constituents of
the el ectrol yt ARh&@htot SHowailin Figureleph ahe dosidsmadule §Biimay telvonedtsst to ghsht ¢fc

solution 61 nust be repleni shed w th gppropriate ,proporti f
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reservoirs 58, d@ing madulsudB tothes Fesgryoith 5, gbft-esPynng processing, ine chemic

constituents of the electrolytic solution 61 are depleted. As a result, the electrolytic
solution 61 must be replenished with appropriate ‘proportions of the chemical
constituents. Accordingly, the dosing module 53 periodically receives signals from the
20  microprocessor/controller 51 instructing the dosing module 53 to flow the required
chemicals to the first and/or second reservoirs 58, 60. Although not shown in Figures 2
or 3, various other components known in the industry may be used to advantage with

the present invention, such as filtration devices to purify the electrolytic solution 61.
In operation, the first and second reservoirs 58, 60 are alternately filled and
25  emptied relative to one another at substantially constant rates, thereby maintaining the
flow rate in the cells 56 substantially constant. The operation of the present invention
may be illustrated by reference to Figures 2-3. Figure 2 shows an initial state of the
fluid delivery system 50 wherein the electrolytic solution 61 in the first reservoir 58 is
at a low fluid level 63 and the electrolytic solution 61 in the second reservoir 60 isata
30 high fluid level 65 and the fluid level in the cells 56 is at the processing fluid level 98.
Initially, the second reservoir .60 is pressurized with a gas from the gas source 90 by

opening valve 92 to a position communicating the gas source 90 and the second

reservoir 60. The regulator 94 is operated by the microprocessor/controller 51 to




or 3, various other conmponents known in the industry may be used to
advantage with the present invention, such as filtration devices éo puri f
the electrolytic solution 61. In operation, the first and second r skAPR rZﬁN
58, 60 are alternately filled and 25 enptied relative to one another at
substantially constant rates, thereby Haintaining the flowrate in the
cells 56 substantially constant. The operation of the present invention

may be illustrated by reference to Figures 2-3. Figure 2 shows an initial
state of the fluid delivery system50 wherein the electrolytic solution 61

in the first re&8ivAithe SRohdres@loif 60 @a Hesited pressiee. 6Be mselvoine S8l @ahaobey/t i ¢
solution 61 in the second reservoir 60 is at. a. 30 high fluid | evel 65.and

the fluid | evekuipped With pegssuse g12es 120 25 Fhowprip ELRESSFg™1iP FAPIPR S PTEEITe 10

Initially, the secqnd & as8hVOhby BfarliShiRg 8o HekitedPrestint h fhe dasonl reHOlG0gAS
source 90 by “opening valve to a position comunicating the gas source
90 and the seocahe 72riespmediaa 56t poBitonrte gliowfluid fpw framdhesasprdiressrveir £0 to

m croprocessor/contr er ta 0 0 ¥ SHGO
reservoir 60 t eégﬁfegl h’é%flgg’alggé‘fﬁpéy ﬁﬁgggr ﬁ@#&%ﬁ??gg&% ér’rﬁ‘? be Z%JP(Eped
Wi th pressure aaegrsisldRned® s fiestpositionwienesth2 st eservoinb8 &y cammupcasdur e
“in the reservoirs 58, 60. Upon estagﬁi shing the desired pressure in the
second reser vovith Bg cells 2 Vg hegepm Hséed to a first position to allow fluid

flow fromthe seconf,e15sgsingiséquekbeleatablishbenialilos: whhé Eeliosglvia the ssppplliye | i ne

62. Sinultaneously wth opening valve 72, the valve 78 is_opened to,a
first positior62nrertbe Auidhialals BLend eeselts i, fuid ow, @foegmle%‘iighﬂﬁ%"f RO Phe

cells 56 vjia the return_l.i 6 ' gy igst2R) the bak J6liwi d
flowto thHY c &‘&at%%gk??%L‘%’ggs'sﬁ%epﬂ@glﬂﬁﬁreﬁgg%’eg%%ﬁt P Tl bt s 87 and
results in fl Woatabll@by hadusghg tthe ppisaire iy thhaedond 18Frepir 680 CadiPEEEEE By

arrows 95. The fluid flow rate.through the - leSte 56
i s control | ed By Fwﬁ'cf}?emﬁfeé:gg‘gfeéeﬁvﬂlrt% ﬁggégég%{ng’eern g‘%&%\?dg%?&Gg&gg
pressure i s ngjeptpiAaHs RS the piaN®] chiambbi® taliagimb seeantvin totbBezsifresseieddt to

ensure a desired flowrate over the iy .67 of .th | atl ng..c .

taking i nto actedfkid betwesnghe resprvai 58@3&8{??%3 Bl?amqﬂﬁgg%ﬁf’% a’ggke&e&ggﬁ{cﬁggal
reservoir Fey in¥ehdmins 55 heystsphva atfoive,Cdsi the adserkbir
| osses in ﬁea@gsﬁgll@h{erk%gﬁggﬁg% ag?g??ﬁ%\%chanber 595. As ?stat ed ab%(\i/ﬁ?fﬁhgs

the reservoir 6®araihsahagas ohengthsreimvillineresse pe il R mmd AR e Eessyrs D2
and AP, (the pressure.fromihe ta L QLLh Eay LY & Ne}
the f1ui d 1 evelopsaicighEEuhe RerbEoR o bt fuid 18 ol LIS RS pHaine B

ressure eservolr
i ncreased t0 ONGLGHIRBOLL GRfeasdiod @R ercoinB ehdst ohunged, ¢het fiovougth thrvaghs thepprly| i ne

'? ﬁeand the pl altiliieng2 (;Q(? nmgeprlat'isngg gl\farlnlberb% \rwﬁfigé: (rae%hce-lc-lh ul's'ﬂus]c ﬁg&%@ﬁ li)rcWi&’éﬁi Wﬁleby

20  pressure transducer 81 is utilized by the microprocessor/controller 51 to adjust the
regulator 94 until the desired line pressure is reached. Throughout the processing cycle
the pressure in the reservoir 60, and the line pressure, may be adjusted so that the fluid
flow in the plating chamber 59 is constant. Additionally, the flow rate into the
reservoirs 59 via the inlet line 87 is controlled by the flow control valves 85. By

25  adjusting the control valves 85, the flow into each plating chamber 59 may be kept
equal.

The electrolytic solution 61 is then flowed over the weir 67 and into the retumn
annulus 69. From the return annulus 69 the fluid is flowed, in the direction shown by
arrow 97, to the outlet line 89. Finally, the fluid is flowed to the first reservoir 58 via

30  the return line 64 and the inlet line 86. The return flow rate from the cell 56 to the first
reservoir 58 is determined primarily by the total system head pressure due to the fluid
level 98 and the diameter and length of return line 64. Preferably, the head pressure a

(determined in part by D,) and the return line 64 dimensions are adjusted to ensure that i



20 pressure transducer 81 is utilized by the m croprocessor/controller 51
to adjust the regulator 94 until the desired line pressure is reagh‘p$p&m
Thr oughout the processing cycle the pressure in the reservoir 60, and the

| ine pressure, nmay be adjusted so thatl the fluid flowin the plating
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electrolytic solution 61 to the cells 56 through the supply line 62. Further, the valve 78

20  is opened to a second position which isolates the first reservoir 58 from the cells 56 and
communicates the second reservoir 60 with the cells 56 via the return line 64. The fluid
flow rate through the supply line 62 is controlled by adjusting the pressure in the first
chamber S8 using feedback provided from the pressure transducer 81 in a manner
described with reference to Figure 2. Further, while the pressure transducer 81 and the

25  regulator 94 cooperate to maintain a desired pressure in the supply line 62, the flow
control valves 87 control the flow rate into the respective cells 56.

The steps during each cycle are preferably performed substantially
simultaneously, or as close to simultaneously as possible, to ensure the flow rate
through the cells 56 is substantially constant and uniform. Most preferably the fluid

30 flow from the reservoirs 58, 60 is altemated during the time that substrates are
exchanged from the cells 56, i.e., during a time when the system is necessarily halted
and no substrate is being processed. Thus, in one embodiment the volume of fluid in

the reservoir 58, 60 being emptied may be sufficient for a single substrate plating cycle.



56 via the outlet Iine 74 by opening valve 72 to a second position to
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el ectrolytic s etween the cells 56 and the 15 reservoirs 58, 60.
As noted above, by adjusting the gas pressure in the reservoir 58, 60

Further, because the invention eliminates the use of pumps, flow surges or

20 pulses are avoided. As a result, the fluid flow through the cell 56 and onto the

substrates during processing is uniform, thereby resulting in uniform and conformal

plating. Various additional methods can be used to further minimize surging which

may result during the reservoir switching sequence described above with reference to

Figures 2-3. For example, the flow control valves 85 may be operated to the ramp the

25  fluid flow up to a stabilized, desired flow rate and then maintaining the fluid flow rate
for the duration of the cycle.

It is understood that the particular arrangement, or architecture, of the invention
is not to be considered limiting of its scope. Figure 2 merely shows one possible
embodiment. In another embodiment, the processing system 54 and the chemical

30  cabinet 52 are located in separate rooms. Thus, the processing system 54 may be part
of a fab located in a clean room environment on one floor of a building while the

chemical cabinet 52 is located below the processing system 54 on a lower floor of the

building, such as in a basement for example. Such a configuration eliminates traffic




being enptied, the flow of the electrolytic solution 61 through the plating
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20 Operation of the invention is initiated by pressurizing one of the two reservoirs
58, 60 to a pressure sufficient to overcome the hydrostatic pressure, pgD,, and the flow
resistance resulting from fluid viscosity and line friction. Accordingly, valve 92 may
be opened to a position communicating the gas source 90 with the first reservoir 58.
Upon reaching a desired pressure, which may be monitored by the pressure gauges 120,

25  valve 212 is actuated to a position allowing fluid flow from two-way line 206 into the
cell 56 via the inlet Jine 216 and tee 218. Simultaneously, valve 210 is opened to a
position allowing fluid flow from the cell 56, through the tee 226 and outlet line 222,
and into the two-way line 208. Thus, electrolytic solution 61 is supplied from the
chemical cabinet 201 along two-way line 206 and returned from the cell 56 along two-

30  way line 208. Once the fluid level in the first reservoir 58 reaches a desired lower limit,
as detected by the fluid level sensor 66, the direction of flow through lines 206, 208

may be reversed. Thus, the first reservoir 58 is vented through relief valve 70 and valve

92 is positioned to communicate gas source 90 with the second reservoir 60.




15 and at a second end to each of the valves 210, 212 respectively. The
tees 218, 226 are each coupled to the inlet line 87 and the outlet |ine

89, respectively. .The valves 210, 212 are operated-such that in first
position fluid flowis allowed fron1tq$ cell 56 to the chenical ﬁdbmﬁﬂ 2004
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rat her than besimpltarepusly with %ﬂ%rﬁf’"@Sr?ﬁi fl}eEF&fg %EI&ETZ\CE#" \Pﬁlp\%%%ﬁr%,g t%% and
returned to a ' Thidsa rdsiilt @neneniiadi remtd frbinethe ehereical
val ves 70, 71 %E%%g?gsé%ﬁ?éﬁ%ﬁ?% :Heésigisctt airflowinto th%gr ESeél‘{c%i{u 58,

60 being fil | ecatdnsti20y aramintroled oy regplating the pressure in the reservoirs
arrangement is particularly useful in the embodiment of Figure 4 where a single line,

20 ie., lines 206, 208, is used to accommodate two-way fluid flow. This is a result of
being restricted to a particular line diameter for both directions of flow. In contrast, the
embodiment of Figure 2 provides the flexibility of utilizing different diameters for the
supply line 62 and the return line 64 in order to compensate for flow rate variations.

Thus, the embodiment of Figure 4 utilizes two-way flow through a pair of lines

25 206, 208, thereby obviating the need for separate inlet lines 86, 88 and outlet lines 74,
76 as was used in the embodiment of Figure 2. Thus, the total length of tubing needed
for can be minimized because a single line accommodates flow in two directions.
Further, while the return flow to the reservoirs 58, 60 in the embodiment of Figures 2-3
is at an upper end of the reservoirs 58, 60, the embodiment of Figure 4 illustrates a

30  connection point at the bottom of the reservoirs 58, 60 for the fluid lines. '

The embodiments of Figures 2-4 are merely illustrative of the invention.

Persons skilled in the art will recognize other embodiments.



this manner, the return flowrate fromthe cell 56 back to the chem ca
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code is then linked with an object code of precornplled windows library routines. To

ile

execute the linked compiled object code, the system user invokes the object code,

20  causing the computer system to load the code in memory from which the CPU reads
and executes the code to perform the tasks identified in the program.

A fluid control subroutine has program code for controlling electrolytic solution

61 flow rates. Generally, the supply line 62 and return line 64 comprise one or more

components that can be used to measure and control the flow of the fluid from the

25  reservoirs 58, 60 to the cells 56. Figures 2-3, for example, include flow control valves

85 and valves 72, 78. The fluid contro} subroutine ramps up/down the flow control

valves 85 to obtain the desired fluid flow rates into the cells 56. The fluid control

subroutine is invoked by a manager subroutine, as are all system component

subroutines, and receives from the manager subroutine parameters related to the desired

30 fluid flow rates. Typically, the fluid control subroutine operates by selectively opening

the valves 72 and 78, and repeatedly (i) reading the flow rates from flow control valves

85 (ii) comparing the readings to the desired flow rates received from the manager

subroutine, and (iii) adjusting the flow rates as necessary. Furthermore, the fluid
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The flow rate of the electrolytjc, solution 61 fromthe reservoi 5 Ois
al so det er ni NESSHIE PAROPFESsH STl °éldmf‘¥)}’l.e Wéeﬂ"sws%ﬁ ghCS%‘J,cgsgﬁ %r t(])lgq t he
gas source;90. ..o Yiedx gopressure control subroutine is invoked, the
desired or target pressure level to be attained in h% reservoi.rs 58

.60 is
recei ved as a par anbtiluid feveranbreatingis agoked ipsietmminedhe Dyfeleps! a8 Bg &L ol
subrouti ne Opeggﬁggjﬁtg,%o,ﬁgéiﬁgéd?b Sﬁ&@ sUfb&6268.t ?h@_ill_ﬁgséo'h&gl ROEdUinO s inddHe@W NQ

pressuri zation ervoirs 58, 60. pressure control |
subroutine al \?otmﬁmage&ubfwtipe assmositars thehmitpi siatep of ithgeseppory 6§, ¢which
pressure tr ansarlél(:s&rritc:l?c]a’ depending on the level of the fluid in the reservoirs 58, 60. A change in
20 . the output states of the sensors 66, 68 is transmitted to the microprocessor/controller 51
which then invokes the proper subroutine(s) to reverse the flow of fluid. The proper
subroutines include the fluid flow subroutine and the pressure control subroutine,
described above, as well as a relief valve subroutine which operates to open or close the
relief valves 70, 71. Other possible system architectures may be used by those skiiled
25 inthe art.
While the foregoing is directed to the preferred embodiment of the present
invention, other and further embodiments of the invention may be devised without

departing from the basic scope thereof, and the scope thereof is determined by the

claims that follow.




10 conpares the neasured value to the target pressure, obtains PID
(proportional, integral, and differential) values froma stored pressure
tabl e corresponding to.the target pressure, and adjusts-the re I1?ggsh§gg§
according to the PID val ues obtained fromthe pressure table. “the
reservoirs 58, 60 are equipped with one or nore conventional pressure
manoneters, a simlar nmethod may be used to neasure the pressure of the 15
reservoirs 58, 60. A fluid |evel subroutine is invoked to determ ne the
fluid level in the reservoirs 58, 60 being nonitored by the sensors 66,
68. The flui d @oMM8! subroutine is invoked by the manager subroutine and
nonitors the output states of the sensors 66, 68 which are swtched
depending on the level of the fluid in the reservoirs 58, 60. A change in
20 the out put 1st at e apbaratve, @erpgemMg: 66, 68 is transnitted to the

m croprocegsor/control |l er 51 ich then.invokes the proper subroutine(s)
to reversegthe f I oWPof Fﬁ%?ﬁ?ﬁgﬁgﬁﬁﬁ85§Pda§% F%ﬁ?%ﬁgg’include the fluid

fl ow subrogtine angyyt he appre&dsing syasinr ol less bveptitalinedisplated cirorb ettie afivsty end as
well as a relief valve subroutjne which operates to open or close the
relief val ¢es spepndyaservoithay aBgi€8h bl e system architectures may be used by
those skillked 25 Irg& t hg Aldure\WBhicE it Bectiof @SRinDAichtforthvite ¢lieedrst @nd Bond
preferred énbodi nent” of t'he present invention, other and further )
enbodi nent § ofredeheins tw seltctivelyrestpblish adlesiresegas prassioeito the ssseRvEIh P $neble ffnd

basi c scope thereof d_.the e th | i ergi.ned by the clains
that foll o&/. r}%‘f" ﬁ?‘ﬁ agﬂ:fg O&EB\?%E&SE}VEE{ %ﬁ %B%zg%g%lgégt%g’npri sing: 2 (a) at
| east a figst reserypir adish @naetondineesmiectng theFiréhindaseprraicresaioits ©ythe em

at least vertically displaced fromtheg first. a 4 second.reservoirs by a
height; 5 @c) PAOSSEERLHS @ﬁ%@%@%ﬁ%‘éﬁ%’e‘n@gﬁﬁﬁ ﬁi@% FS%“’J&* ?‘Iﬁ{t he first
and second 6 reserypirs s&naQbRidctiveline Rdahdihg 8t fastdndsédd gasrvoireastiee o
the reservoirs to enable fluid 7 flow from at |east one of é?f reservoirs
to the prodessing Pyetessing siem togceqammedateothid dewdn af lead 2SEHME TP he
first and second reservoirs to the 9 processing systemto acconmodate

fluid flowin at least a first direction; and 10 (e) a second connection
| i ne conneati my t heTHeiappiramndf sleiwohdvireege thegreassieg $yisiem compnses one or more

2  electroplating reservoirs.

1 3 The apparatus of claim 1, further comprising:

2 $3) a first valve disposed in the first connection line to selectively

3 communicate one of the first or second reservoirs with the processing system while

4  isolating the other of the first or second reservoirs from the processing system; and

5 (g2) a second valve disposed in the second connection line to selectively
6 communicate one of the first or second reservoirs with the processing system while
7  isolating the other of the first or second reservoirs from the processing system.

1 4 The apparatus of claim 1, wherein the first and second reservoirs each comprise:

2 H a first sensor to monitor a low fluid level; and

3 (g a second sensor to monitor 2 high fluid level.

1 5. The apparatus of claim 1, wherein the first and second reservoirs include relief

2 valves to selectively communicate the first and second reservoirs with ambient

3 conditions.




| 1 processing systemto accommodate fluid flowin at |east a second
direction. 1 2. The apparatus of claim1, wherein the pr ocessi nggey%mnm[]l,
conprises one or nore -2 electroplating reservoirs.- 1 3. The apparatus
claim1, further conprising: 2 (f) a fjgrst valve disposed in the first
connectlon line to selectively 3 connunlcate one of the first or second
reservoirs with the processing systemwhile 4 isolating the other of the
first or second reservoirs fromthe processing system and 5 (g) a second
val ve di sposed in the second connection line to selectively 6 conmuni ate
one of thelfi®st ofThsepparaus eé‘elﬁlmnl,rfsﬂbﬁftcﬁmpﬂ%nﬁa?’é?c@ﬁ?rﬁél%'ﬁlg‘?ﬁﬁ pRase

I sol ati ng he ot of t r ng
Systom 1 B b ehsesrne i i T o e 6 ARl CRE s e oph Oih e Shcret
reservoi rs3eam1cpﬂmlthemhm@gl). a first sensor to nonitor a low fluid |evel;
and (g)a second sensor to nonitor a high fluid level. 5.The apparatus of
claim1l1, wherein the first and second reservoirs include relief 2 valves to
sel ectively C@mmniﬁﬁ?élé‘cn&)?&nhg NSid GRAGers OFstuns compesigi rs with anbient 3
conditions. 0 1 APR 2004 . The apparatus_of claim1, further

conpri sing2one or f®re fatb@?t#éir‘@r@eﬁ’@’ﬁﬁ%éacw?dF‘ﬁe"é(f’“i east one of the first
connectlon | i ne and i he .se n Al {o0khe ﬁrgtlaﬂddsédoﬁav
therethrough 1 7. C@n e|"§e‘??‘%§|"§?ﬁ%§%tﬂ fjlhid[e}{af@@}eg&s stem corrprl sing;, 2
(a) at |east aedervoirs tyemesupplyr lintd aceomounddter Buidr @ rfrom the)firginand second

el ectropl at| n stemflu conne GOMNGd abw &
reservoirs byg‘éﬁe 1, the; e:]]eéiné% e R tem(:laa??1 %(‘PSI] etﬁgc‘ﬂpg%&mﬁt he first and
second 5 keS|hYakétfoplAingRestehesihe dipdtatd segosd/stavoisnd a return line to

accommpdate fluid flow from 6 the electrolatl stemto _t.he nd
second res@rvoirs; (@ (c)? Bre5TES SOPEE SEURTE Q"g f@% Jnsﬁconfi res%ljvél?l% 8

second resgrvQlfe; &e@% &sﬁﬁh@&k'r&emu@mﬁémemdﬂwrnﬁs@ghvtﬁe Euppiynlinecaailzb e
fderowthrougth gsuppy line and to 9 the electroplating system 10

' (d) a pl @r altht ylegfoplatingesystesposed in t he supply line and the return line
to 10 ' (d) a plurality of valves disposed in the supply line and the return line to

11  selectively communicate one of the first or second reservoirs with the supply line while
12 communicating the other of the first or second reservoirs with the retun line; and

13 (e) a second valve disposed in the return line to selectively communicate
14  one of the first or second reservoirs with the processing system while isolating the other
15  of the first or second reservoirs from the processing system;

16 wherein the electroplating system is at least vertically displaced from the first
17 and second reservoirs by a vertical distance to allow gravity-assisted fluid flow from

18  the electroplating system to the first and second reservoirs.

1 8 The system of claim 7, wherein the first and second reservoirs include a relief
2 valve to selectively communicate the first and second reservoirs with ambient

3  conditions.

| R The system of claim 7, wherein the first and second reservoirs each comprise:
2 (£ a first sensor to monitor a low fluid level; and
3 (g2) a second sensor to monitor a high fluid level. .

1 10. The system of claim 7, further comprising one or more flow meters disposed in

2 at least one of the supply line and the return line to monitor fluid flow therethrough.




11 selectively communi cate one of the first or second reservoirs with the
supply line while 12 communicating the other of the first or s qggga 2
reservoirs with the return line; and 13 (e) a second val ve disdﬁs 3h QWE

return line to selectively conmuni cat 14 one of the first or second
reservoirs with the processing systemwhile isolating the other 15 of the
first or second reservoits fromthe processing system 16 wherein the

el ectroplating systemis at |least vertically displaced fromthe first 17
and second reservoirs by a vertical distance to allqw ravi%ﬁéassisted

fluid flowlfrdh 18 rethed) for delsisriag Arflpid hettvesm & §2F P8 TEETVOLS AP AU E
reservoirs, 14 stgxlrkghé'giﬁpaeﬁ}sf)gluﬂ Fbéﬂlﬁm Rl &sing lcREmbér! i§ imAMdine@ @0 Aevel
crude e VvV

reservoirs’in areli alve to selectively communicate the first
and second 3r edéghepithan wisedondribiidievel B thermirt dfomservoirsgo pravde pspasiivsfflid ai m

7, wherein the first and second reservoir olayely " L i st
sensor to foniRTEsWE ‘I'hg{%fer‘ﬁﬁi ‘get'fvgi}]e < %fﬁ%fsgn? g?ﬂgﬁs%gotgg%égnéfogs%rgaﬁ%n?t or a
hi gh fluidsl eugthodcdiprisidie system of claim 7, further conprising one or
nore flow neters disposed in_ 2 af |east .one of .t hﬁ itégg%%lgtn%oant% %ps
return |iné to nonilebr FEFEAFP h@?ﬁ"ﬂf@@gﬁﬂmbg u /71 b il

nmet hod for -del [ £ Liicasshtpgem; @ pair of reservoirs and a processing
2 system V\Hereﬂc%&g&??}}(&h #’Hﬁ dShI%eségl In the processing. chanber. is

mai ntai ned8at a | ev) JFldwink Sridiasarseepnd gats ftpnt thgipgoqessing sysiem O parsondy
reservoirs to provi.d Rosi Live . f] U i ffgerential between the
processi ng 9sys‘¥fﬁﬂ’°dﬁ§y f‘lﬁ\l i’ #Fpo?gléétﬁlé‘g?gégf%{?&%ﬁn% met hod conprising: 6
(a) pressurg zi-ng a () r streveesiag thei fluidfidwitb provids Adidifiowafror the second saserveirom
the first 7 reservoir jnto the ocessi ng syste 8 {b | ow fluid at a
second ratld frieihe W@Cﬁ’égé&?‘ﬂﬁn‘gég'f‘ ?rﬂ%ifis"ég ?’é‘g%rhﬁ ﬂ(’eghr tegeg%@?'r by
utilizing the positive fluid pressure differential; and 10 - (c) reversing
the fluid flowto provide fluid flow fromthe second reservoir

_ .11 to the
processi ng lsystzm aFee meded ofeclpipbd bs YPRHEUISPREINATING b &rFl TESF VPR SBTUBIF. 1
12. The method_of,.cl ai r el essurizing the first reservoir
conpri ses sﬂuﬁﬁlﬁ%gg%%@%fﬁgﬁrst reservoir. 1 13. The nethod of
claim1l, wherein (a) and (b) are performed substantially 2

si mul taneoulsl y13. The method of claim 11, wherein (a) and (b) are performed substantially

2  simultaneously.

1 14 The method of claim 11, wherein (a) comprises supplying a gas to the first
reservoir and opening a first valve disposed in a supply line comnecting the first

reservoir and the processing system and (b) comprises opening a second valve disposed

W N

in a retumn line connecting the second reservoir and the processing system.

15.  The method of claim 11, wherein the first fluid level is maintained substantially

pa—

2 constant.

1 16. The method of claim 11, wherein the first fluid Jevel is maintained substantially

2 constant and the second fluid level is alternated between a high fluid level and a low

3 fluid level.

1 17. The method of claim 16, wherein the first reservoir and the second reservoir are

2 inversely altemated between the high fluid level and the low fluid level so that one of

3 the first or second reservoirs is at the high fluid level when the other reservoir is at the




1 14. The method of claim 11, wherein (a) conprises supplying a gas to the
first 2 reservoir and opening a first valve disposed in a supply |i1(=A
connecting the first 3 reservoir and the processing system and (bb PR 2004
conprises opening a second valve dispagsed 4 in a return |line connecting
the second reservoir and the processing system 1 15. The method of claim
11, wherein the first fluid level is maintained substantially 2 constant. 1
16. The method of claim 11, wherein the first fluid | evel is maintained
substantially 2 constant and the second fluid | evel is alternated between
a high fluid iewvebidaeela low 3 fluid level. 1 17. The nmethod of claim 16,
wherein the first reservoir and the second reservoir are 2 inversely
alternated between the high fluid |l evel and the low fluid | evel so that one

of 3 the {irgk Or TREGRMIGTSRIN At Whdréin @) cogriésgh fluid | evel when the
other reservoir is at the 0 1 APR 2004 21 4 low f]luid level, 1 18. The

met hod of 21 ai m 11{dwheresing(flijd Bowsiomss firsp reseryols SuYF REPEINESYFEBW fr om
the first geservoi E?Enot %&?iﬁgrfﬂﬁ@ﬁ%’ﬁ%n?t!’xﬁ’iof‘d&ssﬁ:&@?%t?rﬁ‘%@ﬁie@&&nh%s@wﬁ)lrﬁ)w from

t he processSing sys second reservoir, - pressurizing the
second reservoir aff) fl| pwissugizidguhel second reshivod and tilowing fluidsat ahlird gate fpm

reservoir into the ocessig_‘? t?Fngste .and t6 (%?d flowwng fluid at a fourth
rate from ¢ he B GERESEHGVRIEERLNF PREE IR YT 7 chamber by utilizing the
positive fguid preggure adiideengatat al foudh e Hom nRtpio@ssbg systinmirk8 thef frst her
conprising: (h) ceaSing fluid flow fromthe second.reservoir to the
processi ng7sys @ﬁbef@Y)U%@éﬁsiﬂP@qul‘U’FéquUWW(M&?TFFE’ rocessing systemto the
first reservoir; and (j)repeating (a)-(f). 20. The nethod of claim 18,
wherein pressurizing the first reservoir and 2 pressurizing the second
reservoir tonpddi seJhemmthod of glamdgsiurthendomprisingt reservoir and 3 second

[ESerVOL T, or €9PCt !V ccdhfeinuid HEW IR oBlont kAo ttRSELMA BhicdRd (D)

3 ® ceasing fluid flow from the processing system to the first reservoir; and

4 N6 repeating (a)-(f).

1 20. The method of claim 18, wherein pressurizing the first reservoir and
2  pressurizing the second reservoir comprises supplying a gas to the first reservoir and

3 second reservoir, respectively.

1  21. The method of claim 18, wherein (a) and (b) are performed substantially
2 simultaneously and wherein (d) and (e) are performed substantially simultaneously and

3 (f) and (g) are performed substantially simultaneously.

22, The method of claim 18, wherein (2) comprises opening a first valve to a first
position to communicate the first reservoir with the processing system, (b) comprises
opening a second valve to a first position to communicate the processing system with
the second reservoir, (f) comprises opening the first valve to a second position to
communicate the second reservoir with the processing system, and (g) comprises

opening the second valve to a second position to communicate the processing system

B N Y A R

with the first chamber. .

23. The method of claim 18, wherein the second fluid level is maintained between 2

1
2 high fluid level and a low fluid level and wherein (a) and (b) are performed upon




2 simultaneously and wherein (d) and (e) are perforned substantially
sinmultaneously and 3 (f) and (g) are perforned substantially

si mul taneously. 1 22. The method of claim 18, wherein (a) conprised) dAPRNgI04
~a first valve to a first 2 position tQ comrunicate the first reservoir

Wi th the processing system (b) conpriSes 3 opening a second valve to a
first position to conmunicate the processing systemwith 4 the second.
reservoir, (f) conprises opening the first valve to a second position to 5
comuni cate the second reservoir with the processing system and (g)

. L g
conpri ses 36 opashingghe highdhid eelial thefitsh regerseic andithgdew tiuihleve) ndhnminsprtit e

the processgi ng_system, 74 W. Ki LS [

cl aim 18, a/ne?%‘cie Otlrhaelldf cot d&f)%%ﬁ)g) I%\éﬁ@%oﬂtracglﬂgé%E)eelt-g&:%l{rﬁg&ggmﬁfl%h
fluid | eveb arfiistaedeomsf dndithle high @hiddeek] whibe edcond seerasiel (b) are perforned
upon 0 1 APR 2004 22 3 reaching the high fluid level in the first reservoir
and the low fluid level in the second 4 reservoir and wherein (f) and (9g)

are perfornmed upon reaching the low fluid level inthe 5 first reservoir
and the high fluid level in the second reservoir.






