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circuit causing the desired component in the process solution 19 to be deposited on the web 10.

The size of the liquid processing tank 14 and the speed of the web through the liquid processing
tank 14 are generally designed to achieve the desired residence time necessary to complete the
processing of the web 10. However, the established length of the liquid processing tank 14

25 severely limits the ability to adjust residence time for different web applications through the
same system, especially in a multi-step process where the ratio of residence times cannot be
adjusted independently. Additionally, since it is desired that the slots 12 be wider than the
thickness of the web 10, some amount of the process solution 19 escapes the liquid processing
tank 14 through the slots 12 requiring a capture system. This flow of process solution 19 from

30 the liquid processing tank 14 may cause aeration of the process solution 19 which can adversely
affect the electrodeposition process and the quality of the finished web 10. Additionally, weir
flows lead to situations where the residence times between the upper portion and lower portion

of the web can vary resulting in cross web uniformity differences.



1 WD 03/087437 PCT/ US03/ 04686 Web handling processes simlar to the one
described in FIG 1 are often used to apply coating to delicate webs.
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Summary of the Invention

The present invention is directed to a method and apparatus for processing webs of
sheet-like material. The apparatus of the invention includes a substantially horizontal web path
25 for directing a web of sheet-like material. Also included in the apparatus is at least one
processing container and at least one cassette. The cassette has at least one functional fluid
element affixed to it. The cassette is generally movable and, upon insertion of the cassette
across the web and into the processing container, redirects the web into the processing container.

The cassette includes at least one functional fluid element that facilitates processing of the web.
30 The apparatus is utilized to practice a method comprising inserting at least one cassette
having at least one functional fluid element across a substantially horizontal web to introduce
the web into a processing container. The insertion of the cassette across the web forms a

festoon, or a directional displacement of the web in a processing zone in the processing



the web into a processing container. The insertion of the cassette across
the web forns a festoon, or a directional displacenent of the web in a
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20 defined as follows:

“festoon” means a directional displacement of a web in a specified process zone to
increase residence time in the process zone;

“web” means a sheet of material having a dimensional width in one direction and
indeterminate length in the orthogonal direction;

25 “substantially horizontal web path” means a path in which the width of the web is
essentially traveling parallel to the ground while entering the processing container, during
processing in the processing container and upon exiting the processing container;

“electroless plating” means chemical deposition without the use of applied electrical
fields; and

30 “electrodeposition” is intended to cover both electrophoretic deposition as well as

electroplating.



fields; and 30 "el ectrodeposition” is intended to cover both

el ectrophoretic deposition as well as electroplating. 3 WD 03/087437
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present invention; 15 FIG 7 is a_an exploded view of a cassette suitable

for use in anFlfetis adehsawticivimy OB%@B%E‘W%FRH meacgcing the method Qfdhe Bt onal
vi ew demgpsbfigth:i ng the cathode/ anode rel ationship between the cassette and
web during processing. Wile the above-identified drawing figures set forth
one enbodi menFl®f3 is Bérakey sastipih yiewxd aserideverdierdivaene schr e al so

cont enpl at ed, ke 298 e |linbifle VLS GESE Bhbolifhet lor GASRSte LIS in IS BlasT €
presents the invention by way of representation and not |limtation.

shold d benventider st ood t hat numerous ot her nodifications and enbodl rrents can

be d db skijl.| ed h d
e S LR Bk I T RS

e VisnventT on
enbodi rrenhelﬁrfasehhavmbhpd and apparatus of the present |nvent| on IS depi cted

nori zont al vet el *FEETUBRE gt Mo e SKEDaac A SUGHCASL PRk PRy
unit 24 angeMsVenfloRl urality of rollers 26. The
15 FIG. 7 is a an exploded view of a cassette suitable for use in an electrodeposition
process; and
FIG. 8 is a broken sectional view demonstrating the cathode/anode relationship between
the cassette and web during processing.
While the above-identified drawing figures set forth one embodiment of the invention,
20 other embodiments are also contemplated, as noted in the discussion. In all cases, this
disclosure presents the invention by way of representation and not limitation. It should be
understood that numerous other modifications and embodiments can be devised by those skilled

in the art, which fall within the scope and spirit of the principles of the invention.

25 Detailed Description

An embodiment of the method and apparatus of the present invention is depicted in FIG.
2. The apparatus 20 includes a web 22 traveling in a substantially horizontal web path. The
web is optionally conveyed through a steering unit 24 and over a plurality of rollers 26. The
30 web path is generally directed over a processing container 28 which contains an amount of
processing fluid 29. The web 22 essentially travels over, and subsequently past, the processing
container 28. The web 22 is redirected into the processing container 28 upon insertion of a

moveable cassette 30 across the web 22 and into the processing container 28. The insertion of



30 web path is generally directed over a processing container 28 which
contains an anount of processing fluid 29. The web 22 essentially travels
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form of thickness and the intricate structures within the web often adversely affect productivity and

quality in conventional web handling processes. For purposes of the invention, delicate webs

are generally webs having a thickness of about 25 microns or less or webs with an effective

25 elastic modulus of 1000 MPa or less. Low effective moduli may be achieved by choice of
material, web temperature, chemical processing conditions, removal of material in the form of
patterned holes in the web, or combinations thereof. In a most preferred embodiment, the
method of the present invention is capable of handling webs of about 12 microns or less and an
elastic modulus of 700 Mpa or less.

30 The webs may also include cantilevered structures. Cantilevered web structures are
formed by the removal of web material at predetermined locations on the web. The removal of

web material leaves a free standing feature, typically within a hole or void in the web, connected

by only one end to the body of the web. The cantilevered structure preferably has a total width
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will function as a ﬂuld bath. However, the function of the container may vary depending upon

the selected processing techniques desired for a given application. Those skilled in the art are
capable of selecting appropriate materials of construction and container dimensions to meet the
processing demands for specific applications.

25 In a preferred embodiment, the container may be designed in a modular fashion to enable
multiple uses for varying processes. Additionally, the container may be replicated and placed in
close proximity to other containers to provide a series of multiple step processing stations. For
example, a system may include two or more processing containers placed next to each other with
each vessel serving as a metal plating station for multiple plating processes.

30 The cassette may be utilized to provide functional fluid supply and process management
functions. To initiate processing of the web in the processing container, the cassette is generally
inserted downward across the web and into the processing container. The use of the moveable

cassettes improves the efficiency of the web threading process and reduces an individual’s



processi ng demands for specific applications. 25 In a preferred enbodi nent,
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delivery of the fluid to multiple functional fluid elements on the cassette.
At least one functional fluid element is located on the cassette. A functional fluid
element may be utilized to deliver or introduce processing fluids to the web while the web is
25 redirected into the processing container. Functional fluid elements may take various forms
depending on the processing fluid desired for specific applications and webs. Preferred
functional fluid elements include fluid bearings, sparging jets, nozzles, fluid foils, pressure pads,
suction elements, fluid delivery openings or combinations thereof. The functional fluid
elements may be used individually or with other functional fluid elements in various arrays
30 depending upon the desired process and finished web characteristics. Additionally, the
functional fluid elements may be placed on opposing sides of the web.
Preferably, functional fluid elements are utilized to control the processing characteristics

or the web. For example, pressure from fluid flow from the functional fluid element may be
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at various locations on the cassette may take different forms than that described with respect to
FIG. 5. Those skilled in the art are capable of selecting fluid bearings for specific webs and web
processes.

25 Another preferred embodiment is a series of fluid bearings off-set in the down web
direction on alternating sides of the web. The fluid bearings are used in a manner similar to the
air support nozzles in an air floatation oven design. An alternating or staggered positioning of
the fluid bearings allow accurate positioning and flattening of the web in the cross web
direction. A first set of fluid bearings may be fixed to the cassette while a second set is

30 generally fixed at in the processing container with the web interposed between the first and
second set of fluid bearings when the cassette is inserted. The fluid bearings may be provided as
strips and machined from a suitable porous material which is chemically compatible with the

processing fluid.
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web "handlTng assenbly senses web tension which is adjusted by a driven
Lateral displacement of the web during processing may adversely affect the quality of

the finished web. Therefore, appropriate conventional web handling mechanisms may be
employed to prevent lateral drift or displac_ement of the web. The present invention is capable of
achieving a lateral displacement of less than 0.2 cm. Low lateral displacement values are

25 particularly desirable with specific applications such as, for example, electrodeposition
processes. FIG. 6 is an illustration of a typical web conveying process employed with the
apparatus and method of the present invention. A reel 80 of unprocessed web material is
positioned at the forward end of the process. The web 82 is unwound from the reel 80 by
incorporating dancer roll 84 with a series of idler rolls 86. A multi-functional unit 88 serves as a

30 primary web handling unit for conveying the web 82. The multi-functional unit 88 includes a
driven electrical contact roll 90, idler roll 92, driven roll 94 and a tension sensing roll 96. The
tension sensing roll 96 provides feedback to control the drive rolls 90 and 94 through the use of

a conventional control loop. The multi-functional unit 88 also may include active web guiding
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processing of the web. In a preferred embodiment, one or more processing containers and
cassettes may be utilized in series for complete processing of the web.
For given processes, residence time in the processing vessel can be important to achieve
25 desired results with respect to the finished web. In accordance with the present invention, the
residence time of the web in the processing container may be adjusted without undue effort. The
residence time may be adjusted by varying cassette length, varying cassette insertion distance,
using multiple cassettes, varying fluid level height in the container or combinations thereof.
Those skilled in the art are capable of determining the appropriate residence time needed, and
30 the appropriate mechanism to achieve the residence time, based on the web and the desired
finished properties of the web.
As previously noted, the characteristics and quality of the finished web are often

dependent upon the tension on the web during processing. The present invention, through the

10
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present invention is capable of maintaining an applied stress on the web below the elastic yield
stress of the delicate web thereby preventing undesired deformation in the web.

25 Because of the reduced tension on the web, the present invention is most preferably used
for electrodeposition processes. For purposes of the present invention, electrodeposition
generally includes any process that applies an electrical potential to produce a coating on a
substrate such as, for example, electrophoretic deposition of polymers as well as electroplating
of metals. In the present invention, the processing container may be filled with an

30 electrodeposition fluid. An anode is affixed to at least a portion of the cassette. The web serves
as the cathode in the process. An electrodeposition coating is then plated onto the web upon

application of an electrical charge to the web. Those skilled in the art recognize that the cassette

11
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ele rodeposi.ti on coating is en plated onto the web upon application of
é%ect r re‘élfie R RisAgermige W&eﬂi@g ‘T’lg‘i?goéle%qﬂt‘? Cé’ﬁm?%o“tt%gl é{‘&g recogni ze t hat

t he cassette Ii a‘é\&&aﬁ&&w@&@ﬁ{ hEEB P48 impbvddofd-RS@iHodt Epaeink iisiRe May

i ncl ude either an anode or a cathaode with the web functlonlng as  the
opposi t e Pbrefithlatiscype theendedipad pisHpedikners appt 110483 GR be pretined 2 an

expl oded i e QfeRr1£ASS 8IS ed ARotiRakE hAizBRR H&AH FtheSrQehiRRAAROSHLIRBs
coating onto a web through the use of the present invention. The cassette

120 i ncl valdistingt platirgynisrmity advantpgraaversrabensioptlacewassat. Rthemmore ghedargtionaloo

i nt Qpa Pr ﬂ;\ft& §l%fn@19c]§ g\ﬁt@nadilg glroc%ggg c&itﬂﬁer%ﬁ?}ﬂlé dﬂd?ﬁ%n?ﬂﬁ%% a’sﬁcflh%g Léﬁ;?ejmaﬁy pport

for multiple mani essi ng S are provi
due to the elimination of the weir flows used in conventional electrodeposition processes. The

present invention is capable of achieving a coating thickness with a standard deviation of about
4% or less when measured in either the cross web or down web direction. Conventional vertical
processes generally have coating thickness with a standard deviation of greater than about 7%.
25 FIG. 8 depicts the special relationship between the web and the anode that enable
improved electrodeposited coatings in conjunction with the present invention. Alternating fluid
bearings 140 are located on opposing sides of web 142. An anode screen 144 is placed near the
web 142. Masks 146 may also be fixed into selective locations near the web 142. In the
embodiment depicted in FIG. 8, the anode screens 144 are attached to the masks 146 and held in
30 place through the use of supports 148. The supports 148 are integrally formed in masks 146.
The fluid flow from the fluid bearings 140 causes the web 142 to curve slightly in the downweb
direction as it passes by each fluid bearing 140 thereby imparting cross web stiffness in the web

142. The cross web stiffness, in conjunction with the low tension on the web, enhances the

12



mani fol ds 124 through manifold feed pipe 126. Manifold feed pipe 126
connects to a correspondi ng connecting unit (not shown) |ocated on the

si de of twe opog@essi ng container via o- ring seal 127. Thecwarso$/elé8s supply
processing fluid through manifold face plates 125 to 10 corresponding fluid
beari ngs 128. Anode screens 130 are positioned between the manifolds 124
and the fluid bearings 128, and between the outer edges 132 of opposing

si de rai | abilitz 20 cagpwicmaifopnlztat leyy strasslesd R eby pehipyeaiesiralsl fnished web mount ed
onto the gj, %mh@%!s 122 through the use of support brackets 136 affixed to
t he outer edges 32 of the side rails 122. The masks 134, positioned

bet ween a web (Tlatihoahépn sridrthdndluamaetbinglor fodowdp nomgmingesgsplag, are
utilized to 15 provide a predeterm ned pattern of an el ectrodeposited
coating onto the web. In a conventional electroplating configuration,

i npr éved anode-to-cat hode spaci ng i s Edaepleone vari abl e affecting the

uniformty of plating thickness. Since anodes.can be nachined flat, the
oroser web f | ot Msdtesaangs Cinenagh e oms Safitie Tad LGB Tesont
i nvent i onpdyigNdekesh was lévadusRodputidr abdt@Dwiinh b atieroh yhiaddupn begHpeY & web

conventional processes. Furthernore, the functional 20 fluid elepents
Wi thin t hESPYEBSEMYyrsEsAtraibnarrlayra e eonyeyihe Wsh Alrowsh FREpeFsTRe weladter ok,

especi al | ekl wfahfitd (T8cHRld MgARbiANiOfe] Syl Bath). AR Wb @EndpBrtGRAMENt | onal
el ectrodepositi on processes.” The present invention is capable of achieving

a cddt i ngeanpiste AEBYr sgctionsaarsyravieth peret Byl wlli tensiest pudlyelitand 29pdsr secéers. When
measur ed | ] r i : | i
vertical "B SeCBEIRBLERE Sk B o BN B REHA piP IHGLLA0R e
devi at i onthefwvelypeattier protrasingbmiainey %0 he @& trinorBsystemi utilised hevnsgtional [PID

rel ati onshi ?e ween t hat enabl e i nproved

.h b.and th h
ol o TEeNg e RO h AEeEBRE G n @RSt nvent i on

el ect r odeposi
Al ternating flThednwhebettiginddddan enliad apiade einplppgailkiudintirga BIF4 A€b 142.

An ode screen 144 | | aced near, . the 42. Masks 146 nmay .al so, be
rxdd T e Srea Bt B E d s e e 56 TRCERY TGRSO ASHtiopi ct ed
in FIG 8KdiRr@naee RAEMRENVA) 1A oaldtiohd] Bahiedk Brend M@ seiRS KRnetd$ gadibohel d in
30 place through the use of supﬁorts 148. The supports 148 are integrally

fornmed i n(BayEgsOeaoxes Pre Pt Waghipgtagy ¥ Y)darenmecteq it wavngd spndletopreudises t he

web 142 t Ry QdbMEshS A SidaY ndrdide pey BAVENERE: syt &6 UGl 8 Fedulatd1BREE e €aCh
fluid bearing 140 thereby inparting cross web stiffness in the web 142

The cr ossWelebrtwednithevaygind podl tdopjoaniitirol. Whe drnedrderisiow ferenyporppbed b}h@lcmeb;
o ot R el AR e R g PRt bR PRI ) e, Y
The i nventoupled tasthe danchepivitldeigsted diealdndenpashieonf ol | owi ng non-liniti ng exanpl e.
The pacer pull roll section is a composite pull roll / steering / tension sensing /anode
roller. The anode roller was driven to reduce friction effects. The roll was electrically isolated
from the machine via insulating plastic mounts and a plastic coupling. Litton Poly-Scientific
25 brand model # AC4598 slip rings (Litton Poly-Scientific, Blacksburg , VA ) were used to
electrically connect the roll to the power supply. A Fife brand model CDP-01-M steering guide
(Fife Corp., Oklahoma City, OK), with stainless steel mechanical components for corrosion
resistance was used for web steering. The guide was implemented in an offset pivot guide
configuration. Conventional ultrasonic or optical web edge sensors were employed for web
30 positioning sensing. The drive system consisted of a Kollmorgen model Servostar SC amplifier,
with Kollmorgen XT series servo AC brushless servo-motors, with encoder feedback. Micron
brand model number AT10 series (Micron gearboxes, a division of Thomson Industries, Inc.,

Port Washington, NY) straight through low backlash gearboxes were employed. Tension
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5 Exanple The present exanple utilized a 20.3 cm (8 inch) wide web of 1

m | thick polyimde. The polyimde web was previously sputter coated with a
2 m cron whiogksi4ayer of copper. A web transport system wRETFSNE0486 vy

enpl oyed to convey the web through a processing contai ner of nickel

sul famate (Technic H gh Speed N ckel Sulfamate Bath). The web transport
system 10 consisted of. four sections: an unw nd, pacer pull roll, tension
pul | rol | sensingiwag svdempléssbed vietiwo BT Hérandd J Tl tﬁwﬁmwsﬂwﬁﬁéﬁﬂdﬁﬂd@m@%t emto
provi de S@QS& 51{ Myviy}ﬁ 15\9@%&1 rol%ﬁn@u Q&ibg%v {1 ns8x§c rst rAeB]\i\ﬁl% ger the
processi ng to arner ransp or a conventional PID
cont r ol | emoded Bakiwir a(blr@talscbasxmphﬂelt\et}smodel 6®8A hmnmg Jtdmmmgaqlrsentﬁnssugmj. The

unwi nd secti,on i ncluded an.unwi nd spindl e eml pyi ng .a Kol |, nor BDS4 AC
oo GO BBy TSR RD AENe b e &5 GrePBn b bl S0 SR %0 For e m t
resolsver memdimagbnly( Kol I morgen I nc, Radford, VA). A conventional Bayside

brand PG seri net ar ear box SI de ar boxes Co., Port shi ngt on,
NY) is connec?@“ﬂ g\’f%én IH@ﬂ%‘bﬁ’rﬂi(ﬂ REGUFIRGE §Y ge HEFUNg B GAseetiew imup, t})/\g’a’vertl cal

hangi ng pdiv@ésed H@Gaicr(ﬁyﬁlte%\é@&mﬂﬁﬂgpﬁo@esrsﬁ dbhifertt6 Bishie A f&Rohhahe Web
bet ween the unwi nd and the pacer roll. The dancer tension force was

appl i ed byAs¥ie giuded s anode sregrrad, ﬁﬁ@b@awﬁ phfeyiously shompand desaabedript ar y

vari abl e di.sgh aoament AtﬂLQd]ééiH&?rsys(taYQ-&ple@@l{Hé @a@s&t@ b} BEERRGET pifthy Ot
detected the dancer position pacer section Is a conposite

pul 110r ol | m¢chenisias,ivreg uﬂltmtedw@nogrsecsleﬁnisqlavglnﬁ@r@éd@ ca$soﬂtd igfo, theTprecespibgleontaindrer was
driven t OTﬁeetgﬂFﬁn%ﬁ 'ufgvtkl.? Lh gtﬁé {Jr%gets.%ng J&ﬁlo@%s bt O%F%‘Eettélé Cﬁhi&qni?& easia%%fol;]r om

the machi he vial ast astic cou
Pol y- Sci etht cdssatte2boderwascklavoifeet, the @f@ﬂ:ﬁ%plsﬂmgﬁerrgt}ng@h@ el Wamauéoﬂ (y4®mcterst ific,

5 ackebUr s ) UELS S350 B ERLIAEP RS  BEcBbla g BB POLST,

Cty, OK)bearihg it axhiaiofibiess233 lereds pafaﬁilﬁami(ezagpm)cmqapmem@teﬂ}o$ 3 Q&Esﬁ&ﬁ bquare
res

ance was used for web st i.n The qui de S | enented in an
of f slgt pi FOHMGET egplrt%ﬁﬂwlaffﬁa Mo earanaenes: THF peaSBnFREse ALHEYTERE web
edge sensgr430wWRipe p&RhRY Beicf QI AW iB8dRA8 blateaRé AigkS BRI tRYnicldNSulthidake System
consi sted of a F | mror gen nodel Servostar SC aanlfl er, w.th Kollnorgen XT

series sefolsiopentoihes e sEherbyss sorveyed atgispasd ok B dd aretereed BERKS A & r on
br and mdt@ﬁs@%@!iut%@-ﬁe@t%ﬁé 53 cinMTRE %ulﬂ géﬁ&ﬁgéresﬁeﬂib YirR i@ theQfeb HGRBON

I ndustri es, Washi ngt on, rai ght through | ow backl ash
gear boxesprmms@n@mtwews alfeii ingputes V\D 03/ 087437 PCT/ US03/ 04686 sensi ng

was ,geconpl i sheg, i finb W Pldds ARl 1#RA%0 GRS A8 §iRMSEANE S Ter ( Bhldir

El ectronics
knife was utilized to assist in the removal of process solution from the surface of the web after

plating and another was used to remove excess water after rinsing. The web then passed through
another composite pull roll / steering / anode roller to allow tension isolation between the plating
process and winding process, as well as steering and electrification.

25 The resulting nickel plated web passed through a second dancer and was collected at a
winder spindle which was essentially identical to the unwind section.

The resulting nickel plated web had a nickel coating thickness of about 2.2 microns. The

cross-web thickness standard deviation was about 1.9% and the cross-web thickness range was
about 5%.

30 From the above disclosure of the general principles of the present invention and the
preceding detailed description, those skilled in this art will readily comprehend the various
modifications to which the present invention is susceptible. Therefore, the scope of the

invention should be limited only by the following claims and equivalents thereof.
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Co., Canton, MA), with a low drag roller nounted between the transducers. A
BLH brand nodel Baldwin 2010 tension anplifier with nodel 308A sunm ng
junction wa30sad? f or signal conditioning. This section PPoRaiSoyees as t he
| i ne pacer, and the tension signal was used for 5 nonitoring only. The web
was inserted into the process container by inserting a cassette, simlar to
that disclosed in FIG 7, across the web and into the processi ng contai ner
to creat eVhatfiegeiowd.is:The cassette included an anode screen and fluid

beari ngs as previously shown and described in relationto FIG 7. Afluid
delivery system coupled to the cassette by conventional piping 10

mechani snis, Amaparafistcoapasingipon secured pl acenent of the cassette into the
processing container. The total length of web in the processing sol ution
was about, 0.9 i ..Since only one side of the cassette anode was

el ectrifi@h? S‘fznﬁgg%qﬁ{ygﬂlf‘e}léﬁmegfﬁ%goﬁ‘&?&W‘? % he web was about 0.46 neters.
The 1 ui dbyled leasesne my@bsnp whtagigh,ah@d t he nickel sulfamate solution at 48 C
throygh the fluid bearing at a rate of abouf 256 liters per mnute (64 gpm
or appr o%ﬁ%ﬁlasyo@.@%eﬁ vglgﬁéPagtaa%?%ct%flﬁ‘éﬁerws?tewﬁirglndwi%tﬂonsﬁ gifle
inch) of fl uighsPORIdaRG1SMEIBERd WERBaWBRIINES sHNAELID BEL Ald PFoSddfinEntaih 430
anps per square neter (40 ASF) in order to plate the nickel fromthe nicke
sul famat e  &6ttingiapksagond fostoenweb. The web was conveyed at a speed of 0. 15
neters per mnute and a tension of about 0.9 Newtons per cm The resulting
effective residence tinme of the web in the processing solution was about 3
m nut es. 2@ngpparatas pecoridng thelapn dcelkasein gaid eprazdatusds utilizeed fanstecirpisssiplatived wit h

di stjl l e e i1 kni utihize Sd ' . re of
pr odlss”oRbipes il B birtBhe BubfBhe Ml Sl BpRENaAE D MIRR TN RE O s
used to rresdgeetehing shemiatlenillaft @ating, diang depbhidionyefam ingespapagsoe dombinatigla

anot her %gng ite pull roll / steering / anode roller to allow tension

i sol ati on"B&ween the plating process and wi nding process, as well as
steering and electrification. 25 The resulting nickel plated web passed

t hrough a second dancer and was cqllected af a w nder spindle which was
essent i ali-y R eRPATAFUSAPCRrng e el rathegcorTmsiine pwbhaadiing i"%@ﬂar?ils&el pl at ed
web {had a ni ckel coating thickness of about 2.2 microns. The cross-web

t hi ckness standard devi ati on was about 1.9% and the cross-web thickness
range wash Aibtperagmacgudipg trslaine, b sgidsrqbdenglmgerechidsny glides ongoF nci pl es

of the prrﬁ&@%fawyﬂmih?:aemga, Gguieﬁg?gﬂ%@ﬁ nt@ﬁ&ﬂ&ll%&lﬂ&%wi&&g;&&on?hose

skilled inthis art wTl readily-co e various nodifications to
whi ch t hesepyiegsdeniceionva@nbinasions thesabcepti bl e. Therefore, the scope of the
i nvention should be limted only by the follow ng clains and equival ents
t her eof .

20 5. An apparatus according to claim 3, further comprising an offset pivot guide having a driven

electrical contact roller.
6. An apparatus according to claim 1, wherein at least one functional fluid element includes
fluid bearings, sparging jets, nozzles, fluid foils, pressure pads, suction elements, fluid delivery

25 openings or combinations thereof,

7. An apparatus according to claim 1, wherein at least one functional fluid element and pressure

from fluid flow are used to control web shape and position.

30 8. An apparatus according to claim 1, wherein two or more functional fluid elements are placed

on opposing sides of said web.
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14 WO 03/087437 PCT/ US03/04686 What is clained is: 1. An apparatus
conprising, (a) a substantially horizontal web path for directing a web,

(b) at | exoto3o8m3processi ng container, and 5 (c) at | east PORAISOHGSEBEt €
having at | east one functional fluid el enent, wherein the insertion of said
at | east one cassette across said web path redirects said web into said
processi ng container creating at |east one festoon, 2. An apparatus
according to claim1l, wherein said apparatus is utilized for electroless
plating, 9.1Rnec‘1k>ﬁa(f£t[199:%&9ﬁll H%&th E’,‘%Jrr?e?éiﬁ‘?atid OdsertS LpbR stflon ftelalid ﬁﬁycessi g
devel opi ng, saturating, Was Ing, cleaning, rinsrng, et chi ng, chem cal
mlling, cowinggscomedtehto d@pddéltvegrsysttmn ng, spargi ng or conbi nations
thereof. 3. An apparatus according to claim1, further conprising a web
handl i ng nechanism 15 4. An apparatus according to claim3, wherein said
web tandl il hgAnesdaganissiordrtiak teldsimor) evherein $aid wetob tensivgdll of fesyihag 1 @dWrags a web
gui di ng devi.ce, an electrical contact device, a tension sensing device or
combi nat | B thereof. 20 5. An apparatus according to claim3, further
conprising an offset pivot guide having a driven electrical contact
roller. 6. An apparatus according to claiml1, wherein at | east one

funct i onall-f Al ARPAEANSASHAIINEE clafas], Whetsitsalessh xgibits 8 lptgrefidinglacenent oflssy| es,
fluid foi gy opr@SHHRIR sBAPRDceSElbRRingl ements, fluid delivery 25 openings
or conbi nations thereof. 7. An apparatus according to claim1l, wherein at

| eastd one functional fluid elenent and pressure fromfluid flow are used
to contro NOSI til-0n. : I claim1,
wherein t\ll/\%mﬁ(;}r?a ?agﬁsfagﬁcgg @gﬁ%lél& hi@gg%esﬁeﬁfrﬁlgagf%elq% a%%ﬁ&?%%\/%gsb@gi ng sides
of sai d wedntacl 6f SAD QI WBYAZE sACTUrkISOBOABGE6T@itheAnaid ppagt@ton saidpeoesdingg t o
claim1l, ‘é‘g'n?e{'% n said cassette, upon insertion into said processing

cont ai ner *°"¢"onnected to a fluid deli very system 5 10. An apparat us
according to claiml1l, wherein said web is tensioned at |ess than 1000 grans

15 13. An apparatus according to claim 1, wherein residence time of said web in said processing
container is adjusted by varying cassette length, varying cassette insertion distance, using

multiple cassettes, varying fluid level height in the container or combinations thereof.

14. An apparatus according to claim 1, wherein said apparatus includes two or more processing
20 containers, and at least one cassette having a functional fluid element in each of said processing

containers.

15. An apparatus according to claim 1, wherein one cassette includes a fluid bearing as a web

redirecting element on said cassette.

25
16. An apparatus according to claim 1, wherein said web is a delicate web material or a web
containing delicate cantilevered structures.
17. An apparatus according to claim 16, wherein the applied stress to the web is maintained
30 below one tenth the elastic yield stress for the delicate web.
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total. 11. An apparatus according to claim1l, wherein said web exhibits a

| ateral displacenment of less than 0.2 cmw thin said processing container.
10 12. ArwappasAsus according to claim1l, wherein said fumrcTiusnab4686 ui d

el enent prevents the contact of said web with rigid structural conponents

of either said cassette or said processing container. 15 13. An apparatus

according to claim1l, wherein residence tinme of said web in said processing
cont ai ner 18sAs@pppsatagicamprisiigyi ng cassette | ength, varying cassette

! nsertion r@' asstugﬁgrﬁfallgﬁb%ntamleﬁ Eaﬁﬂ ordfe ﬁ%%iﬁ:’o af ‘Tlerayt a EJnLBanlh%ye lsulﬁi%zeght

in the cont’al ner or nmbi nat 1 on er eo An appdr at us accor
claim 1, whebpeiepeisiagdn appardapassed cratingles two or nore processing 20

cont ai ner assette hav a. functl onal fluid element in
each of sz‘?)of‘%%?%? Caf COH?aCt é)emf%or a@ﬁgmgfggarﬁn‘%ésﬁgar atus according to claim1,

wher ei n oI1i@ « &aseht prdcmingdeiﬁalaerfdomadurigeﬁreidﬂgoéeﬁoﬁtlmﬁalutlbﬁd!ndECt| ng el errent
on said c s An a tus. accor.dj n wherei n.sajd
o T B et ot B chs el ERPRT LSRR Ry th Bt es T g RSB PESR o
structures. alYeast/bﬁe appalcakioss AECREbaitdretiectd thé MidlReb Whedatl Protéeingppl i ed
stress to the web is mpaintained, 30 bel ow one tenth the elastic yield
stress for tBRHEN FFEANG ahisast onsTefiprn 3yhessyaAPplertiofspis datgéo Sai@wehz\f?sults

apparat us CopRh bREtRGlepdsitid foafibPst @t wad | y horizontal web path for directing
a vveb at least a pOI‘{)IOI’l of said web suitable for receiving an

el ec (}odeposi ted coating, (b) an electrical contact device for applying a

A ;
charge toj5ahg, gﬁat?%t fac(;&r)dm%ttokgl%?i %@1efl{es§fﬁeée%'tr8&1eggﬂ{%ﬁ%£{ﬁﬁ 11895‘&91‘1&3} g an

el ect rodep05| ti ution st one cassette Having east
one funct ideviationfdf gpating e efemss, ofmh@ﬁé?/orprtme insertion of said at Ieast one
cassette across said web path redirects the said web into said processing
container creating at |east one festoon, wherein an application of a charge
to said web. Aeappdrsus dacnodinged elaint O8] €pdst ¢ethrisdgtaiwed handB@intkcir@tism.10

15
21. An apparatus according to claim 20, wherein said web handling mechanism includes one or
more of a web driving device, a web guiding device, an electrical contact device, a tension

sensing device or combinations thereof.

20 22. An apparatus according to claim 20, further comprising an offset pivot guide having a

driven electrical contact roller.

23. An apparatus according to claim 18, wherein at least one functional fluid element includes
fluid bearings, sparging jets, nozzles, fluid foils, pressure pads, suction elements, fluid delivery

25 openings or combinations thereof.

24. An apparatus according to claim 18, wherein at least one functional fluid element and
pressure from fluid flow are used to control web shape and position.
25. An apparatus according to claim 18, wherein two or more functional fluid elements are

30 placed on opposing sides of said web.

26. An apparatus according to claim 18, wherein said cassette, upon insertion into said

processing container, is connected to a fluid delivery system.

17



19. An apparatus according to claim 18, wherein said el ectrodeposited
coating has a standard deviation of coating thickness of about 4% or |ess.
20. An apweroawsm3according to claim 18, further conprisi ngca/usedodsssndl i ng
mechanism 15 21. An apparatus according to claim 20, wherein said web
handl i ng nmechani smincludes one or nore of a web driving device, a web
gui di ng device, an electrical contact device, a tension sensing device or
combi nations thereof. 20 22. An apparatus according to claim20, further
conpri si ng~a - Y [

fol ler. %7 Rn%é%ﬁgtpz ?duc}éx(zlg %ﬁn Ii'?‘\@h@ ngsla}n %b f‘g\?\ﬁ%ﬁ oggat dt! %chaﬁ ?@%Ems
funct i onaltothll ui d el enent |ncludes f|UId beari ngs, sparglng jets, nozzles,
fluid foils, pressure pads, suction elenents, fluid delivery 25 openings
or conbi nations thereof. 24. An apparatus according to claim 18, wherein at
| east 5 one 2BuAatapparattis fdcuidéhgab elaiint 8, avt@reipdagbwel exhibigmifttrl dispidcomeios legs ed
to control b sha ? and osition. 25. An apparatus according to claim18,
wherei n t WENEr2 fb A St Hresesiing optakl enents are 30 placed on opposing
sides of said meb 26. An apparatus according to claim 18, wherein said
cassette, upon insertion into said processing container, is connected to a
fluid del Pefy spataniccarding olsin 8% adwrepopid jspgionaldhied eloment grevansp Hicat us

accordi ng cBﬁa&lo@kem W8b Wil SRl sﬂu@t@ﬂaﬁcdﬁﬁ%nénﬁs 5%&1‘%&@1@&%%&4 &S3idiphRssh 00
grans  total. 5 28. An apparatus according to claim 18, wherein sai d web

exhi B ts &ontaines al di spl acenent of less than 0.2 cmw thin said processing
container. 29. An apparatus according to claim 18, wherein said functional
fluid el ement prevents the contact of said web with rigid structural
conponent $0oAneppdrgns wbldlirrgas slaint &3, ovhemii udsiperme éssiofigpid $6b oosatdgiro@ssing30.  An
apparat us ac cordin 0 n resi aid web in said
processi ng° 318 nrtla?cﬁﬁﬁieq bsy ‘é?&i’ lﬁ%?aéﬁf\{%fngﬁo?r YAHEE Eaégegtgtl?sg%gﬁ&ﬁ’?ce VPG ng
cassette imndile casetds, vhgnpeluidikivel Geighith thepbgtaivssab®mativartydred. fl ui d | evel
heig?% in the container or conbinations thereof. 15 31. An apparatus
according to claim 18, wherein said apparatus includes two or nore

processi NG1. An apparatus according to claim 18, wherein said apparatus includes two or more processing
containers, and at least one cassette having a functional fluid element in each of said processing

containers.

20 32. An apparatus according to claim 18, wherein one cassette includes a fluid bearing as a web

redirecting element on said cassette.

33. An apparatus according to claim 18, wherein said web is a delicate web material or a web

containing delicate cantilevered structures.

25
34. An apparatus according to claim 33, wherein the applied stress to the web is maintained
below the elastic yield stress for the delicate web.
35. An apparatus according to claim 18, wherein said at least one cassette includes either an
30 anode or cathode and said web functions as an opposite potential.

36. An apparatus according to claim 35, wherein said at least one cassette includes at least one

mask for selective deposition of said electrodeposited coating on said web.
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containers, and at |east one cassette having a functional fluid elenent in
each of said processing containers. 20 32. An apparatus according to claim
18, wher eWwp oomg746assette includes a fluid bearing as a welPCTrisds/o48¢ i ng

el ement on said cassette. 33. An apparatus according to claim 18, wherein
said web is a delicate web material or a web containing delicate

cantil evered structures. 25 34. An apparatus according to claim33, wherein
the applied stress to the web is maintained belowthe elastic yield stress
for the dekhi . : i Al rein said
R e A e e S U s Tt
functions as an opposite potential. 36. An apparatus according to claim 35,
wher ei n said e .cassette includes.at |east one. mask faqr

el ot | ve oA B wRSENIM topurliis Tl o kiR e OB TR esapeng
03/ 08¥ 437 fRCHidN\IBABIIGAGBMt acBaks aAbseanpidiyaiotigorad cmbdd grotitceGhidiweb 3o awher ei n
an anode is attachetd. to,sajd.at. le S‘i one mask. 38. A nethod of processing
a web, coﬁ{)orcfsgf%ﬁo?ﬁ?&?qlfr%%fmﬂngﬁg‘fs ®He cassette having at |east one 5
functional fluid elenent across a substantially horizontal web to introduce
said web iptg a ocessing container thereby formng a festoon. 39. A

met hod of 3g'r 86’%@%(? PROGRE BCoMPY SO8IPHE "8:( a) provi di ng a substantially

hor i zont aliz)wektopiaind aQlibsHntigh! hdt@oRaMBdd pathl®@ diBdtinglaQVdpdi N @ processing
container, (c) inserting at least one cassette having at |east one

f unctl onal®f | uP@vidingrignecestrostaingl.d web path thereby redirecting said web
into saidgpgroc fs j . 40.
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15 el ect r peth phessbyirediresivngseidometaint ssidipdocrssingadntainet foerea astgms f@pphyi ng a
charge to said web to produce an el ectrodeposited coating on said web. 41.
A net hod according to claim40, wherein said cassette includes either an
anode or @@t Aoaeghodaaedordimigto vieim I mbticmrsaidgsoc@ssigppatinceinpotenhi al . 20 42. A
met h accor di t.o cl ai.m 40, erein. the el ectrodeposited coat.ing, has a
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produce an electrodeposited coating on said web.

41. A method according to claim 40, wherein said cassette includes either an anode or cathode
and said web functions as an opposite potential.
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42. A method according to claim 40, wherein the electrodeposited coating has a standard

deviation of coating thickness of about 4% or less.

43. A method according to claim 39, wherein said method is utilized for electroless plating,
25 electrodeposition, delaminating, stripping, swelling, developing, saturating, washing, cleaning,
rinsing, etching, chemical milling, coating, solvent deposition, fuming, sparging or combinations

thereof.

44. A method according to claim 39, further comprising connecting said cassette to a fluid

30 delivery system.

45. A method according to claim 39, wherein said web is tensioned at less than 1000 grams

total.
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43. A nethod according to claim39, wherein said nethod is utilized for

el ectroless plating, 25 electrodeposition, delamnating, stripping,

swel | i ng,woes@8m@pi ng, saturating, washing, cleaning, rin®PCAFSOR04SB6 Ny,
chemcal mlling, coating, solvent deposition, fum ng, sparging or

conbi nations thereof. 44. A nethod according to claim39, further
conprising connecting said cassette to a fluid 30 delivery system 45. A
nmet hod according to claim39, wherein said web is tensioned at |ess than
1000 gra 0 t rdi ng
to clai mrrglg EA\%/f1hg¢10e(ii %&gﬁﬁfﬁﬁ@é@ﬁ%éﬁ%ﬁ%ﬁ %ﬁo‘gébe%glﬁoﬁaﬁaq r%@é%gacg 188}t%f gegs t han
0.2 cm wi tined. Sahwithiroeslgmogegsicpntineer . 5 47. A net hod according to claim
39, wherein residence tinme of said web in said processing container is

adj usted by varying cassette length, varying cassette insertion distance,
usi ng> nuldfi Pl rectbedsedtlag, o v]ammegvhrefeﬁn msiﬂemetimleeifgﬂiﬂ welintshiel peatsdigner or
conbi nat i Qns. %Qrer\%@ d4 met ho r di ng to ¢ 39, ..wherein said

met hod i ncPudd uly %Ya&llﬁf)aé%e gleﬁl 1R EST ”éserté’ﬁ(ﬂh%ﬁ“c‘f 8588 one
cassette haniplgcasdtienchtydipaiuid leuélthegheineiy cohfdiRaccogibirtabi tRir&Fessi ng
containers. 49. A method according to claim39, wherein one cassette
includes a fluid bearing as a web redirecting el enent on said cassette. 15
50. A net h@dAﬂfe‘ﬂ%@bcﬂgdlﬁgtcﬁdlﬁln@ﬁ&helg‘fﬂ%ﬁﬁ'lﬁetl%'ll%l%pt\i/ogor‘?né}@bfo@@srsﬁgV\Bb
material or a web contarning delicate cantilevered structures. .

met h&Y ac COMANAE ang akleast ﬁve@%%bw@mw funeticappilyi¢ elementdm each of sahrépmeftssms

mai nt ai nedyRghew 20 one tenth the elastic yield stress for the delicate
web. 52. A web having an el ectrodeposited coating produced by the apparatus
of claim18. 53. A web according to claimb52, wherein the el ectrodeposited
coating h of ¢ n hi ckpe of about 4% or

| ess. 54. %% %enf)éhﬁﬂq%oqmg%% %(alf(l:q?’ rB éeﬁ%lglo g etgt% ?Cgluéfei)? g%ﬁi’gﬁm@f taﬁNe met hod
of cl ai m 3&lirectd@ element on said cassette.
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50. A method according to claim 39, wherein said web is a delicate web material or a web

containing delicate cantilevered structures.

51. A method according to claim 50, wherein the applied stress to the web is maintained below

20 one tenth the elastic yield stress for the delicate web.
52. A web having an electrodeposited coating produced by the apparatus of claim 18.

53. A web according to claim 52, wherein the electrodeposited coating has a standard deviation

25 of coating thickness of about 4% or less.

54. A web having an electrodeposited coating produced by the method of claim 39.
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