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D E SCRIPTION
FLUID TREATMENT APPARATUS AND METHOD

This invention pertains generally to apparatuses and methods
for treating -a substrate with a flﬁid, i.e., a liquid or a
‘gas. o

In the fabricatioh of a variety of devices such as, for
example, printed circuit boards, various'fluid treatments are
applied to corresponding substrates, including rinsing,
drying, chemical etching and electrolytic processing. These
fluid treatments have been carried out using dip tanks and
various configuretions of spray nozzles- and fluid jet
"injectors. '

Pip tanks, while useful, are disadvantageous because they
require an undesirably large amount of time for mounting and
unmounting substrates to and from racks or baskets which are
submerged within the dip tanks. In addition, mass transfer'

- within a dip tank is typicaliy effected via diffusion, which
is often too slow a process to be economic. For example, when
used for substrate rinsing, a dip tank quickly becomes heavily
laden with the materlal to be removed from a substrate, whlch
‘reduces the diffusion rate within the dip tank, and thereby
slows rinsing. In fact, dip tanks often become so heavily
laden with removed material that further rinsing becomes
impossible.

Spray nozzles are disadvantageous because, among other
reasons, they serve to atomize a fluid, resulting in the
evaporation of the fluid. As a consequence, ‘undesirable
chemical emissions are exacerbated and re-use of the fluid is
precluded, both of which are uneconomic. In addition, because
the sprays produeed by spray nozzles typically fail to achieve
fluid bearing action on the substrates being processed, these
‘substrates must be transported.to and from the sprays by
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limits processing rate and throughput. For example, sprays are
often inefficient or ineffective in rinsing or drying specific
substrate &dreas, such as the interiors of holes in substrates,
because whatever fluid reaches such areas tends to be retained’
on or in these areas {a phenomenon called dragout), with
relatively little fresh fluid reaching these areas. Moreover,
sprays often re-deposit or re—position, rather than remove,
debris on the substrate, whlch then requires the use of
additional sprays. Consequently, the use of sprays often
requlres the use of an undesirably large amount -of proceSSLng
area, which is also uneconomic. While attempts have been made -
to orient sprays to achieve directionality and thereby
overcome some of the above-meptioned disadvantages, these
attempts have typically been accompanied by a torque being
imposed upon the subtrate by the ‘directed spray. This results
in instabilities in the motion of the substrate, often causing
jamming of the substrate in_the.corresponding processing
equipment, resulting in damage to the substrate or equipment,
which is undesirable and counterproductive.

The use of fluid jets in the fluid treatment of substrates is
potentially advantageous because fluid jets exhibit _
directionality and therefore, in principle, are capable of
overcomlng the disadvantages of sprays. However, previous
configuratlons of fluid jets have failed to overcome the
problem of dragout, particularly in the case of substrates
with holes. Moreover, these previous fluid jet configuratidns
have also imposed torques on substrates, resulting in

unde51rab1e and counterproductlve 1nstab111t1es in the motions
of substrates. ' '
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overcomes the problem of dragout, which- avoids imposing
tprquee on substrates and subetantially reduces the need for
rollers and guides for transporting substrates. In one
embodiment of the inventive apparatus,'ét least one row of
fluid jet injectors penetrates a sﬁrfdce of the apparatus,
over which a substrate to be- processed is transported via
rollers positioned at the entrance edge and exit edge of the
apparatus surface. The substrate is transported in a direction
which is substantially parallel to an axis associated with the
apparatus surface, extending from the entrance edge to the '
exit edge, and the row of fluid jet injeétors_is aligned
transversely to this axis. During its transport, the substrate
is positioned close enough to the apparatus surface so that
the fluid jets emitted by the fluid jet injectors become
immersed in a layer of spent fluid covering the surface, and
therefore the emitted fluid jete constitute submerged fluid
jets. Significantly, the row of fluid jet injectors is
positioned closer to the entrance edge of the apparatus
surface than to the exit edge. As a result, the resistance to
fluid flow toward the exit edge, through the relatively long
portion of the layer of spent fluid, is greater than the
resistance to fluid flow toward the entrance edge, through the
relatively short portion of the layer of spent fluid.
Consequently, after the fluid jets emitted by the fluid jet
injectors impinge.upon the substrate, more than half the fluid
associated with the fluid jets flows countercurrently toward
the entrance edge, where it is vented via, for example, -drain
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impinged upon by the fluid jets. Moreover, the spent fluid
layer and submerged fluid jets achieve a fluid bearing-action
on the substrate, reducing the need for rollers and guides,
other than .the rollers at the entrance edge and exit edge of .
the apparatus surface.

It must be noted that the substantial elimination of dragout
via the invention enables the inventive fluid treatment
apparatus to fluid treat substrates more efficiently than was
p;eviously possible. Thus, for example, the length of the
inventive apparatus can now be much shorter than was )
previously possible, which is highly advantageous. f

To avoid a torque on a éubstrate whicﬁ might be imposed by the
use of one row of fluid jets, the inventive apparatue -
preferably includes two surfaces,‘with_each containing one or
more rows of fluid jet injectors, between which a substrate to
be processed is transported. Here, the fluid jets-which
impinge upon the upper and lower surfaces of the substrate
substantially balance each other, thereby substantially
eliminating torques.

In anoéher embodiment of the invention} intended to even more
completely eliminate dragout in substrates with holes, the
inventive apparatus adain includes two surfaces, with each
surface containing one or moré rows.of fluid jet injectors,
between which a substrate is to be transported. 'Each row of
fluid jet injectors on one surface is aligned with a

' corresponding row of fluid jet injectors on the other surface.
However, the fluid jet injectors of a row on one surface are
offset relatlve to the fluid jet injectors of the
_correspondlng row on the other surface so that if one were to
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SUMVARY OF THE | NVENTI ON It is an object of the present invention to
saneliorate one or nore disadvantages of the prior art. According to
one aspect of the present invention there is provided fluid treatnent
apparatus, conprising: at least a first surface, of finite dinensions,
including an entrance edge and an exit edge and characteri grdoby apoaxis .
extending fromsaid entrance edge to said exit edge; neans for \
transporting a substrate over sai'd surflace at a distance, H fromsaid

surf ace, fromsalr}j)ﬁBa trance g ge to said exit edge aloq€ a direction which
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from abou ut and s > w of fluid jet injectors
bei ng positioned closer to said entrance edge than to said exit edge,
wher eby afn gfetsandbther embodiment of the invention, the

above-described countercurrent flow is achieved by providing
at least two rows of fluid jet injectors on an apparatus
surface over which a substrate is to be transported.
Significantly, at least the second row of fluid jet injectors
is inclined toward the entrance edge of the surface. As a
result, the fluid jets emanating from the second row of fluid
jet injectors 'induce more than half the fluid associated with
the fluid jets emanating from the first row of fluid jet
injectors to flow toward the entrance edge of the apparatus
surface, after impingement upon the substrate.

The invention is described with reference to the accompanying
drawings, wherein:

Fig. 1 is an isometric view of a first embodiment of the
inventive apparatus;

Fig. 2 is an end view of the embodiment shown in Fig. 1;
Fig. 3 is a top view of the embodiment shown in Fig. 1;

Fig. 4 is’a top view of a second embodiment of the inventive
_apparatus;

Fig. 5 is 'a front view of the second embodiment of Fig. 4;

Fig. 6 is an isometric view of a third embodiment of the
inventive apparatus;

Fig. 7 is an end view of the embodiment shown in Fig. 6; -

T



first rowof fluid jets is inpinged upon said substrate, nore than half the
#fluid associated wth said first rowof fluid jets flows in a direction_
substantially opposite to the direction of transport of said substrate.
Accordi ng to anot her aspect of the present invention there is provided
fluid treatnment apparatus, - conprising: first and second sp&wNed92pand
surfaces, each having finite dinmensions, defining a channel therebetween
having an entrance, an exit and an axis fxtending fromsaid entrance to
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overcomes t problem of dragout, which avoids imposing

torques on substrates and substantially reduces the need for

rollers and guides for transporting substrates. These goals

are achieved, in accordance with the invention, by employing a

new configuration of fluid jet injectors in the inventive

apparatus, producing a new configuration of fluid jets which

impinge upon substrates undergoing fluid treatment, as more

fully described below.

With reference to Figs. 1 and 2, a first embodiment of the
inv?ntive fluid treatment apparatﬁs 10 includes at least one
plenum housing 20 made, for example, of stainless steel, which
contains a plenum chambér 30 into which a fluid is fed under
pressure via a feed tube 40. fhe plenum housing 20 is topped
by a connected injector plate 50 made, for example; of
.aluminum. significantly, at least one row 60 of at least two,
spaced-apart, drilled holes extends from the plenum chamber 30
to the surface 52 of the injector plate 50, which holes serve
as fluid jet injectors. )

As shown more clearly in Fig. 1, the inventive apparatus 10
also includes rollers 80 and 90 which serve to transport a
substrate 100, €.g., a printed circuit board substrate, at a
distance, H, from the surface 52, from an entrance edge 54 to
an exit edge 56 of the surface. 52. This transport of the
substrate 100 occurs along a direction which is subétantially
barallel to an imaginary axis 110 éésociated with the surface
52, which axis is oriented transversely to the entrance and
exit edges 54 and 56, and extends from the entrance edge 54 to
the exit edge 56, and beyond.
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imaginary axis 110. Preferably, each of the fluid jet
injectors is of equal diameter, D, which ranges from about 5
mils (0.005 inches) to about 6.25 x 10°%um (about 250 mils)
(0.25 inches)). Fluid jet injectors having diameters smaller
than about 125 um (about 5 mils) are undesirable because they
are difficult to fabricate. On the other hand, fluid jet
injectors having diameters greater than about 625 x 10° pm
(about 250 mils) are undesirable because they require an
undesxrably large amount of pump pressure to produce fluid-
Jets.

With reference to Fig. 2, the drilled holes which constitute
the fluid jet injectbrs are preferably all of equal length, L.
In this regard, the ratio L/D preferably ranges'from about 0.5
to about 40. Ratios less than about 0.5 are undesirable
because they'resuit in poorly developed fluid jets. Ratios
greater than about'40 are undesirable because the
corresponding fluid jet injectors are difficult to fabricate
and require an undesirably large amount of pump energy to’
achieve a useful flow rate.

With reference once again to fig.-3, the fluid jet injeétors
are preferably equidistantly spaced, with the center—to-centér
spacing between adjacent fluid jet injectors being denoted by
S. The ratio S/D is necessarily gréatér than one (a ratio
‘8/b=1 ;mplies the fluid jet injectors are touching) but is
Preiefably equal to or less than about 20. Ratios greater than
about 20 are undesirable because after the corresponding fluid
jets impinge upon the substrate 100, it has been found that
the resulting fluid flows separate'frém the surface of the



and ‘a .z-axi-s which is perpendicular to both said x-axis and said y-axis;
smeans for transporting a substrate over said surface at a distance from
said surface, fromsaid entrance edge to said exit edge along a direction
which is substantially parallel to said transport axis, Characterized In
That said apparatus further conprises at least a first row %F, 8b I?%t
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SUbStrate'jets, i.e., the fluid jets are to be injected into a layer of
spent fluid cbvering the surface 52 and substantially'filling
the space between the surface 52 and the substrate 100. Such
submerged fluid jets are achieved, in accordance with the
invention, by bringing the substrate 100 into proximity with '
the surface 52 so that the ratio H/D ranges from about 0.2 to
about 15. Ratios smaller than about 0.2 are undesirable
because the substrate 100 is then so close to the surface 52
that the substrate is likely to become jammed against the
surface 52. On the other hand, ratios greater than about 15
are undesirable because the sﬁbstraté 100 is then so far from
the fluid jet injectors that the corresponding fluid jets lose
an undesirably large amount of mdmentum before impinging upon
the substrate 100. )

It should be noted that the spent fluid layer and fluid jets

‘achieve a fluid bearing action on the substrate 100. As a
consequence, the need for rollers and guides between the
entrance edge 54 -and the exit edge 56 for transporting the
substrate 100 is eliminated. '

Because the fluid jet injectors are preferably all of equal
diameter, D, and are all connected to the same plenum chamber
30, the fluid supplied to each of the fluid jet injectors is
‘necessarily the same, and the speed of the fluid jets
emanating from the fluid jet injectofs is necessarily also the
Same. If.-the kinematic viscosity of the supplied fluid is
denoted by nu and the speed of the fluid jets at the fluid jet
injectors is denoted by V, then the Reynolds number associated
with each of the fluid jets, defined as the ratio V*D/nu,
‘Preferably ranges from about 50 to about 30,000. Reynolds
numbers less than about 50 are undesirable because the
corresponding fluid jets have undesirably small momenta. On



According to still yet another aspect of the present invention there is
provided fluid treatnent apparatus, conprising: at |least a first surface,
of finite dinensions, including an entrance edge and an exit edge and
characterized by an axis extending fromsaid entrance edge to said exit
edge; and neans for transporting a substrate over said surfagg 9@ fog

di stance, H, fromsaid surface, fromsaid entrance edge to said exit edge
along a direction which is sustantiaH @ parallel to said axis,
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56, through the relatlvely long portion of the layer of spent
fiuid covering the surface 52, is relatively high. By
contrast, the resistance to fluid flow from the row 60 toward
the entrance edge 54, throdgh the relatively short portion of
the layer of spent fluid covering the surface 52, is
relafively low. Consequently, after the fluid jets emitted by
the row 60 of fluid jet injectors impinge upon the substrate
100, more than ‘half the fluid associated with the fluid jets
flows countercurrently toward the entrance edge 54. Thus,
undesirable dragout and re-positioning of debris is’
substantially reduced or eliminated.

Although not shown in the drawings, the injector plate 50
preferably includes a row of drain holes positioned adjacent
the entrance edge 54, aligned transversely to the imaginary
axis 110. These drain holes permit ready venting of the
above-described countercdrrentlf flowing fluid. Moreover, if a
pump is used to pump fluid out of the drain holes, then the
countercurrent flow is enhanced. -

Preferably, although not shown in the drawings, the injector
pPlate 50 also includes a row of drain holes positioned
adjacent the exit edge 56, aligned transversely to the
imaginary axis 110. These additional drain holes serve to vent

the relatlvely small amount of fluld which flows toward the
exit edge.

As shown in Figs. 2 and -3, the first embodiment of the
invehtive apparatus 10 preferably includes a second row 70 of



flutd jets, defined as the ratio V*D/nu, ranges from about 50 to about
30, 000. According to yet another aspect of the present invention.
there is provided a nethod for treating a substrate with a fluid,
conprising the steps of: transporting said substrate over a surface, of
finite dimensions, including an entrance edge and an exit edgeNagk 100
characterized by an axis extending fromsaid entrance edge to said exit
edge, said transporting belng carried ot} “at a distance, H, fromsaid

surface, fromsaid entrance it _edge Ion direction
which is sGB§F§n§PEI??3ﬁ%F%TfeI ?Q?Eﬁﬁﬁingxg %ﬁﬁ#gq%ﬁ; ﬂggﬁs 9869| east a
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step occurmoﬂgsaloﬁgfhu;ﬁrzﬁn|xnuennnﬂsaandathq exit edge 56, and is
preferably equidistantly positioned between the entrance edge
54 and the exit edge 56. By virtue of the presence of the
fluid jets emitted by the second row 70, the above-described
countercurrent flow associated with the. fluid emitted by the

first row 60 is enhanced.

To avoid imposing a tbrque on the substrate 100, and as
depicted in Figs. 1 and 2, the first embodiment of the
inventive apparatus 10 preferably includes a second plenum
housing 120, containing a plenum chamber 130 into which fluid
is fed under pressure'via a feed tube 140. An injector plate
150 is mounted on the plenum housing 120, with rows 160 ahd'
170 of fluid jet injectors extending from the plenumichamber
130 to the surface 152 of the injector plate 150. The fluid
jets emitted by the rows 160 and 170, which impinge upon the
upper surface of the substrate 100, serve to counterbalance
the fluid jets emitted by the rows 60 and 70, which impinge
upon the lower surface of the substrate 100. As a result,
undesirable torques on the substrate 100 are avoided.

With reference now to Figs. 1,4 and 5, a second embodiment of
the inventive apparatus 10 is generally similar to the first
embodiment. This second embodiment definitely includes both
the plenumlhousing 20 and the plenum housing 120, and the
surfaces 52 and 152 define a channel having an entrance
adjacent the entrance ed@es 54 and 154 and an exit adjacent
the exit edges 56 and 156. This channel is characterized by an
axis which is oriented transversely to the entrance and exit
edges 54,154,56 and 156, and extends from the entrance of the
Channel to the exit of the channel.

In connection with the second embodiment, the substrate 100 is
transported via rollers 80 and 90 through the above-defined



parallel to said axis, fromsaid entrance to said exit; and inpinging at

. least a first rowof at least two fluid jets upon a |ower surface of -said
substrate, said first rowof fluid jets emanating froma first row of at

| east two fluid jet injectors which penetrate said first surface, and

i mpinging at | east a second row of at- least two fluid jets upgg fgp YPE"
surface of said substrate, said second row of fluid jets emanating froma-
second row of at least two fluid jet +njrctors which penetrate said second
surface, said second row of fluid jets being positioned relative to said
first row afhanngildipeesdiveetibonvhigh dsssubatantinldly paraldeficte thee to
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provi ded aTheediistiantes riBhtand B2 nded metebei the ssdnesi d, conprising the
steps of: transporting said substrate over a surface, of finite

di mensi ons, | udi n_ent anc and _an . exi.t nd, characteri zed
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the fluid jets which they emit exit the fluid jet injectors
with fluid speed V1. The fluid in these fluid jets is
characterized by a kinematic viscosity nul. Preferably, the
row 60 is positioned closer to the entrance edge 54 than to
the exit edge 56, for thé reason discussed above.

The second embodiment alsé includes'at least one row 160, and
preferably two rows 160 and 170, of fluid jet injectors
penetrating the surface 1527 The fluid jet injectors of the
rows 160 and 170 are of equal diamefer D2, and the fluid jets
which they emit exit the fluid jet injectors with fluid speed
V2. The fluid in these fluid jets is characterized by a
kinematic viscosity nu2. The diameter D2 is not neceésarily
equal to the diameter .D1, the kinematic viscosity nu2 is not
necessarily equal to the kinematic viscosity nul, and the
fluid speed V2 is not necessarily equal to the fluid speed'Vl.-

In the second embodiment, like the first embodiment, the
ratios H1/Dl, H2/D2, V1*D1/nul and V2*D2/nu2 fall within the
ranges given above, for the reasons given above.

lAs shown more clearly in Fig. 4, the second embodiment differs
from the first embodiment in that the row 160 is shifted
relative to the row 60 so that if the row 160 were to be
lprojected onto the surface 52 (as depicted in Fig. 4), the
fluid jet injectors of the row 160 would be interdigitated
with the fluid jet injectors of the row 60. The row 170 is
Similarly shifted relative to the row 70. The purpose of these
Sshifts is to ensure that fluid jets which penetrate holes in



said y-axis, said transporting step being carried out at a distance from

: said surface, from said entrance edge to said exit edge, along a direction
which is substantially parallel to said transport axis; and inpinging at

|l east a first row of at least two fluid jets, and a second row of at | east
two fluid jets, upon said substrate, said first row of flui EN &92 100
emanating froma first row of at |east two, spaced-apart fluid jet

i njectors which penetrate said surfacé?and said second row of f|UId jets
enanat i ng from secon

east ace L
i nj ector s thei €/ 555%'{"? g{‘{eoo%ed ‘g\?lpip 38 BY ?% g:t’tng fi'é‘aﬁ&dj% c’ond r ow
of fluid hmﬁshbeuhgpannﬂahﬂxjqimmmn@tgaldrem@menbeseegehahe form ng an
angle with said z-axi.s, as neasured in the counterclockw se direction in a

pl ane defined ai d 7Z-axis,and d x-axis eater
than 0 de@heedmpuRt | Q%fi’ é@jfﬁé&eg ﬁﬁ’e}r%’bfe EEf é\g d{% rf%]
step, nor got bhat hthd n::_tte.d ISM/@ dssgreated tham Gdiud flesstthaw 1.

Ratios equal to 0 and 1 imply an absence of interdigitation.

It should be noted that the second embodiment has been found
to be particularly useful in rinsing substrates having holes.

With reference now to Figs. 6,7,8 and 9, a third embodiment of
the inventive apparatus is generally similar to the first and
second embodiments, and is characterized by a coordinate '
system x,y,z, as pictured in Fig. 6. As shown, the x-axis is
parallel to the axis 110 associated with the surface 52, here
referred to as the transport axis. The y-axis lies in a
least—squéres—fit planar approximation to the surface 52 and
is perpendicular to the x-axis. The z-axis is perpendicular to
both the x-axis and the y-axis. ' .

The third embodiment differs from the second embodiment in.
that each of the fluid jet injectors in row 70 is inclined
toward the entrance edge 54. Moreover, ‘each of these fluid jet
injectors forms an angle, theta, with the z—axis; as measured
in the counterclockwise direction in a plane defined by the
z-axis and x-axis, which is greater than 0 degrees buf less
than 90 degrees. Such an inclination, and range of angles,
theta, enhance the countercurrent flow associated with the
fluid emitted by the fluid jet injectors in the row 60,
.discussed above.

Preferably, the fluid jet injectors in the row 70 are also
inclined toward the y-axis. Moreover, each such inclined fluid
jet injector forms an angle, phi, with the z-axis, as measured
in the clockwise direction in a plane defined by the z-axis
and the y-axis, which is greater than 0 degrees but less than
90 degrees. This y-axis inclination’is advantageous because it
induces the fluid emitted by the fluid jet injectors in the



of fluid jets flows in a direction substantially opposite to the direction
of transport of said substrate. According to still yet another -
aspect of the present invention there is provided fluid treatnent
apparatus, conprising: at least a first surface, of finite dinensions,
including an entrance edge.and an.exit edge and characteri zg¢ 93y gpeaxi s
extending fromsaid entrance edge to said exit edge; and neans for -
transporting a substrate over said surfice data distance, H, fromsaid
surface, fromsaid entrance edge to said exit edge along a direction which
i s sust antbal 69, pafter dimgimgenientaxpon Char sehsttated 108, Thatfbewd appar at us

further cqupeksesy ain |ERSlaiFddtiith b2WeAb PlakBAStHIWA SD36eSeARa ted | Ui d
jet injectors, irst rowis aligned transversely to said axis and

. ich f .
whi ch at P&3BE{NRLR ‘%"‘lﬂ%“']'et injectors penetrate said surface, a
center-to-center spacing between said at least two fluid jet injectors

bei ng dengkegnbin Sin 88Gs .07 adiad 6f,| ¢he tRird NSd@menknalssli Hcride e of

di aneter D and Jézen%h L,. V\n.tg t.he rgtlo L/ D ra%tﬁxrom apout 5 to about
40 and wPRt FOY hé? (3% it dipIsh A IGFERrE  PeRRtFaL Es8UEHAFE ot equal to
20, and wireigi thied drant 1sl edyantagebhsi e¢ause fjheccorsespending fPruddlice a
first rowsgfsaletv@slo BAADI1YZE kReSmYBISHs of substrates,

particularly relatively thin substrates.

As also shown in Figs. 7 and 8, the surface 54 is penetrated
by rows 160, 170 and 172 of fluid jet injectors, which mirror
the rows 60, 70 and 72 penetrating the surface 52.-

It should be noted that the third embodiment has been found to
be particularly advéntageous in drying substrates with holes.

i . f

Example 1

Rinsing of circuit boards was compared using a standard spray
rinse vs. the invention apparatus. The comparison looked at
conveyor length used for rinsing,. electricity usage, flow rate
of rinse water used, and resultant ionic contamination on the
circuit boards.

For both parts of the experiment, one or two DSM (double spray
modules), horizontally conveyorized wet processing equipment
built by Chemcut in State College, Pennsylvania, were used in
a countercurrent rinse configuration. For the standard spray
rinsing tests, fwo modules were used in series, with the spent
waste water of the second module cascading to the first module
and then to waste treatment. Each module had solid cylindrical
"Squeegee" type rollers at its entrance and exit and had its
Own pump supplying the sprays. For the invention apparatus
rinsing tests, a single module was fitted with four pairs of
the apparatus having the preferred embodiment for rimsing és
shown in Fiqures 4 -and S. '



i mpi nge upon sai d substrate, each of said fluid jets being characterized by

. afluid speed, V, at said fluid jet injectors, and the fluid of said fluid

jets being characterized by a kinematic viscosity, nu, and wherein a
Reynol ds nunber associated with each of said fluid jets, defined as the
ratio V*D/ nu, ranges from about 50 to about 30, 000. AENO0282 na o yet
anot her aspect of the present invention there is provided a nethod for
treating a substrate with a fluid, compttsing the steps of: transporting

cdge and Rk APRATSE S He L En o Roret 1 Sk SRORERSAY BRsi ng Tromsaid -

entrance eshpraateriizedekiyt tedgeurfates witingpoani agtbanerrtemexiisd out at a
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along a directio ich i uhstanti al | arallel to said axis; .and
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subst r at e,uppmna@ndidower’ surfaces at distances from the entrance edge 5¢c

froma firg d\ﬁ@"’défvi%ta beastes¥ot SRAGLA 120 &k Lbvhd( #4291 RlONS 76

character xz elo b‘ym a(OC.eG@tZ(?'r)_. The injectors were made by drilling holes
through 1.27 x 10%m (0.5") thick polycarbonate plﬁstic.
Center-to-center spacing of the 7.62 x 107 (0.030") dia.
injector holes within each of the four rows was 2.29 X 107m
(0.090"). The injecﬁors in the first and second rows in the
upper surface were positioned so that their projection onto
the lower surface was centered between the injectors in the
first and second rows in the lower surface, respectively. The
y-position of the injectors in the second row in each surface
was offset from the y—position.of the injectors in the
respective adjacent first row by 1.73 x 1072m (0.068"). A 10
degree beveling of the first 4.06 x 10~ m (0.16") of the upper
and lower surfaces served as a guide for the substrates: Two
rows of drain holes were included with diameters of
3.63 x 10™m (0.143") and spaced center-to-center within a row
4.88 x 10™m (0.192") apart were placed with centers spaced
5.59 x 107%m (0.220%") and 5.61 x 1073m (0.221") from the
entrance and exit e&ges, respectively. The distance, H1l, of
the lower surface from the boftom of the substrate was 2.54 x
IO‘m (0.10") and the distance, H2, of the upper surface of the
device from the top of the substrate was 6.35 x 1073m (0.25").
The rinsing fluid, water, having a viscosity, nu, of 10°%m%/s
(0.01 cm**2/sec), was passed through each of the injectors
with a velocity V of 302 cm/sec, giving a Reynolds number, Re,
of about 2300. '

Each apparatus pair had at its entrance and exit side a pair
of solid cylindrical *"squeegee" conveyor rollers and was
provided with a pump and sump. The water was re-circulated
from each respective sump to the respeétive apparatus, after
which the water would fall back into the sump. At the same
time, incoming water caused the sump water to cascade
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t o-center spaci ng denoted by S, said first row of fluid jet injectors being
aligned tranversely to said axis and penetrating said surface, and - .
therefore said first rowof fluid jets is aligned transversely to said
axis, each of said fluid jet injectors including a drilled hole of
dianeter D and length L, with the ratio L/D ranging fromabout 0.5 to about
40 and with the ratio S/D being greater than 1 but | ess than or equal to
20, and wherein each of. said fluid jets is characterized by BN fdoz dogpeed,
V, at said fluid jet injectors and the fluid of said fluid jets is
characterized by a kinematic *viscosity id —-and wherein a Reynol ds nunber
associated with each of said fluid jets, defined as the ratlo \V* DY nu,

ranges fromCRESDROBRLY AR Sf@Ispo@receding and finagg¥ kP PiR%He OF THE
PREFERRED kEBEDhOALT( By "stagellpereicedénti'pnit siglasanitbetewnstdge ef er ence to

the acconp ﬂ%b{lghd?ﬁ{‘%egéhe VGl board wgﬁﬂd érgv%&aﬁm}@&{'ﬂéirf #dl 3L fof a

first enbo I nventi ve appa ew of
t he enbodi #enthehEWFFERE Ftfaer; The “aF?ﬁ Céﬁ?ég%ﬂ1§§ﬁmvﬁéﬁﬂ%ft?rﬁ¥age
enbodi nent jghene oppdsite HirectionFitg. thei dirvedtipny ioEWchicdi s asarrl

embodi ment %LVEEE i fg“éf%%ﬁﬂ@%@%@tg§ water cggé%de d1§e@tiéﬁ”§efQé¥¥'Of the

second enbodrment o
to product travel dlrectlon, is known as "countercurrent -

rinsing" in the art, is the most efficient in terms of both
overall water usage and cleanliness of the final rinse, and
was used in both the spray and invention apparatus tests.,

Each run consisted of ten circuit boards measuring 0.254 x
0.381 x 1.52 x 10 m (10 x 15 x 0.060 inches) and having a
mixture of 1.27 x 107m and 4.57 x 10™m (0.050 inch and 0.018
inch) diameter holes. There were copper traces on epoxy
dielectric on the surface. The circuit boards were run:at
3.05 m per minute (120 inches per minute) through a microetch
chamber, followed by the rinée, and air dried. The microetch
consisted of approx. 40 g/l sodium persulfate and 40 g/l

- sulfuric acid dissolved in water. Resultant contamination was
measured using an Omega jionograph meter which had been
calibrated to give conductivity readings in equivalent NaCl
‘contamination in micrograms/square inch of circuit board.

Water usage was measured with a float-type see~through
flowmeter, and power usage was determined with a hand-held
current meter.



Fig. 6 is an isonetric view of a third enbodinent of the inventive

appar at us; Fig. 7 is an end view of the enbodi nent shown in Fig. 6;
REPLACEMENT SHEET

EN 992 100 - 6 - Fig. 8is atop viewof the
enbodi nent shown in Fig. 6; and Fig. 9 is a front View of tire ssgadionent
shown in Fig. 6. The invention involves a fluid treatnent apparatus, and

a corresponding fluid treatnment nethod, M&hich substantially overcomes the
probl em of dragout, which avoids inpo§érﬁhtorques on substrates and
substantially reduces the need for s its '

Fluid Water Ionic : Conveyor . Electrical

Delivery usage contaminétion. length Usage
Device  mi/min on product m (feet) Kilowatts
{(gal/min) :
pg/m?

{micro g/sq.in.)
{NaCl equivalent)

Spray 1.89x102 9.,03x10™*  3.12 2.7

(2-stage) (5) (1.4) (4)
Invention
Apparatus 3.79x10°® 1.,10x107? 6.1x10 1.6
.{4-stage) (1) (1.7) . - (2)

As can be seen from the data, the invention showed an
essentially equivalent contamination level while using 40%
less electricity (four smaller pumps feeding the apparatuses
of the invention used less electricity than the two larger
pumps feeding the sprays) and generating 80% less water waste
by'volume, all in 50% less conveyor space than the standard
sptay'system. As far as water usage is concerned, let it be
noted that theoretically a four-stage spray rinse could use
just as small an amount of water as a four-stage rinse
incorporating the invention apparatus. However, such a
four-stage spray rinse would occupy four times as much
conveyor space and would consume three and one-third times as
much electricity as the invention apparatus.

Example 2

Drying of circuit boards was compared using the invention
apparatus versus two state-of-the art dryers. Comparison
results were measured for both high and normal aspect-ratio
thru-holes ig terms of electridity usage and conveyor length.



rollers and guides for transporting substrates. These goals are achieved,
‘in accordance with the invention, by enploying a new configuration of fluid
jet injectors in the inventive apparatus, producing a new configuration of
fluid jets which inpinge upon substrates undergoing fluid treatnent, as
nmore fully described below - Wth reference to Figs. 1 and 2gnaghbr g
enbodi nrent of the inventive fluid treatnent apparatus 10 includes at [east
one pl enum housi ng 20 made, for exanpl e, 1df-stainless steel, which contains
a pl enum chanber 30 into which a fluid is fed under pressure via a feed
tube 40. THEhelst@k@RSuENARGTO AxYeBppred BF & Pafhecebdampacdsen fbxte 50
nmade, for expE¥fRctofratlionthyarh&lesiva<anisHy, (akmﬁpﬁﬁol@@ﬁy@wngo of at

| east two, .S eq- ' ' . ext o] pl enum chanber 30
to the surf%@%g’ygﬁ%hgnlg{ﬁhé%?grgg‘ll’éflee%(?%n\%ﬁlr%’ hqo‘%geig’ e CUEeLTr | Ui j et
i nj ect ors. boaxsiss kHRnthePrgh| £his ymachimey were approximatelye 7apgakal0smi0
al so i ncl udas, 300 liacheS) BRUcROandi €165 08 7h0mt [ MW IiinchesyLEhr @t &LA 00,

e.g., a print circuit,bo rate, at_a distance,H, fromthe surface
529" 1 om i oenaen uheREhSREARH (B FaoeRha® T 81 X i anbd i s
transport df.0l5eingbitdage tyouvheles. alThegdayerresdd diewshi"phshspull”

subst ant i aldptRauamhal £6 0d8NriABe NAItarding Blowés xaEatedqult h the surface
ransyversel he. ent rance xit edges 54

52, which axis is.ori.ented._t il ~and

and 56, an(?r&?tsé'ﬁage?r%%{ {REAENT 0% éﬁitﬁeo 409 THREUE °86§ea§%, and

beyond. suction to the opposing side. The push-pull was alternated so
that the pressure side alternated up, down, up and then down.
Following the forced-air slotted blowers were two heatéd fan
blowers that recirculated hot air. When the circuit boards
were conveyed through this configuration at 1 meter/minute,
many of the thru-hoigs were still wet, leading to unwanted
stains that weie deleterious in subsequent processes. A
single pair of the invention apparatuses with the préferfed
drying embodiment as shown in Figures 6-9 were installed with
a turbine blower feeding each side. '

The apparatus pair for the drying embodiment was characterized
by two surfaces with an an enprance-to-exit length of 5.7 x
10m (2.25"). Three rows, each containing 171 1.09 x 107m
(0.043") dia. injectors, were placed in both the upper and
lower surfaces at distances from the entrance edge of the
device of, respectively, 1.27 x 10%m (0.500"), 1.65 x 10~m
{0.650"), and 2.86 x 10™%m (1.125"). The injectors in the
upper and lower surfaces, respectiveiy, were made by drilling
holes through 7.62 x 103m (0.3") and 1.27 x 10~2m (0.5") thick
aluminum metal. Center-to-center spacing of the 1.09 x 10™m
(0.043") dia. injector holes within each of the four rows was
3.81 x 107°nm (0.150"). The injectors in the first, second and
third rows in the upper surface were positioned so that their
vertical projection onto the lower surface was centered
between the injectors in the first, second, and third rows in
the lower'surface, respectively. The y-position of the
injectors in the second and third rows in each surface was
qffset from the y-position of the injectors in the adjacent



EN, 992 100 - 7 - \Wile not shown in Figs. 1
or 2, the inventive apparatus 10 preferably also includes side walls in-
flush contact with the flat end faces of the plenum housing 20, which side
wal s serve to confine the fluid emtted by the fluid jet injectors. Wth
reference nowto Fig. 3, the at [east one row 60 of fluid jeENi apecioss-

I ncludes the fluid jet injectors 60-1, 60-2; 60-3, etc., with the row 60
being inclined transversely to the inagl&ary axis 110 Preferably, each of
the fluid jet injectors is of | anet e whi ch ranges fron1about 5

mls (0.005i55c oY) Po taBduk 6025‘ ioi?)? )r]aiﬂd( &béﬁtles‘@) M (49148 s
i nches)). féapattiistelynj ant @8sdhgrea cbekeiimige b€ snanifsﬁlsa53ahoun*ﬁQ5

Lerr1m (abpylszay by tﬁaeuggees%ﬁggi&@@%mcagey%@&eed 4 ol Gilibie! Ror

fabricate ot her ctors havin d|a ters greater
t han abouttlE2substapses) n?{lﬁbbﬁﬁe?'s?)rﬁnll‘é)t r BPRRE ARG allﬂ“@lbéb‘iﬁégeﬁhey
require aryewmsleniindledy akaagesdegree aiglpump phessiets tisswingudeonl uid jets.

them were tilted towards the entrance of the device. The
distance, -H1, of the lower surface from the bottom of the
substrate was 1.27 x 107 m (0.050") and the distance, H2, of
the upper surface of the device from the top of the substrate
was 6.35 x 107m (0.250"). The drying fluid was air having a "
viscosity, nu, of 1.7 x 107m%/s (0.17 cm**2/sec), and was
passed through each of the.injectors with a velocity V of S000
cm/sec, giving a Reynolds number, Re, of about 5800.

With the invention installed,'at 1 meter/min conveyor speed,
and with the two heated blowers off, all of the thru-holes

were dry. ;

The state-of-the-art dryer used as a basis of comparison for
normal aspect-ratio thru-holes was a "TMDM" dryer built by
Chemcut of State College, Pennsylvania. Circuit boards run
through this machine were approximately 1.52 x 107m (0.060
inch) thick and 0.254 x 0.381 m (10x15 inches) in width and
length. The dryer used several different blowers and
manifolds and also used a heated rinse with the intent to
allow the water retained on the panel to dry more rapidly.
When panels were sent through this machine at 2 meters/minute
they dried sufficiently, but when they were sent through at 3
meters/minute they still had wet spots. In comparison, the
same drying apparatus pair used in the hi-aspect ratio tests

above. dried- the panels completely at 3 meters/minute conveyor
Speed.

To qualitatively test the amount of air venting from the
entrance of the device vs. from the exit, a strip of paper was
held vertically immediately before and behind the apparatus.
Using this method, it was noted that a strong positive flow of
air issued from the device entrance, but that a neutral if not



Wth reference to Fig. 2, the drilled holes which constitute the fluid jet
injectors are preferably all of equal I'ength, L. In this regard, the ratio
L/ D preferably ranges fromabout 0.5 to about 40. Ratios |ess than about
0.5 are undesirabl e because they result in poorly developed fluid jets.
Rati os greater than about 40 are undesirabl e because the corr Epgsdi 4§0
fluid jet injectors are difficult to fabricate and require an undesirably

| arge anount .of punp energy to achieve'alaséful flow rate. Wth reference
once again to, Kl | W J LQL.e r p r \ ggﬁi istantly
spaced, W tﬁff%%@‘[e’e%feéa[ﬁqc‘){ecgn%gr %tgpgglkn‘gé'%e V\sgl{aiglgag?é‘ge%?é f‘?w ?det

i njectors bekhy deh@tdemyosdsihdtr appeared thathadssyasi a6tuplkit &feinthn one
(a ][at i gl S/ DEékjtdmlriw thee it & ijget o'tfniz:ﬁstdﬁﬁw,epkebsbiﬁgaq@wo i s 20 ar i
preferably equal + r t a . i reglefqthan ahqut are
undesi r abl eB%’é %%]slg %fftégr%%t%ﬁee‘%gﬁ gg%%ﬁdl&r’\sgfa{at}?%ﬂgét §£i Irrgf')i nge Itajlpon ff he
substrate 16Re inventdiome@rodusesd aRaexcaptienally ggod| eewnfexsurraiar at e

fromthe sugigfPfaiirh@gainst the travelling substrate, which is also
advantageous to efficient drying. ' ' '

A summary of the drying comparison followé:

Conveyor ' Electrical
length- Usage
m (feet) Kilowatt
Low aspect-ratio
State-of-the art 1.02 x 1071 (4) 10
Invention Apparatus 1.27 x 10- (0.5) 4
High aspect-ratio ' '
| State-of-the art 1.4 x 10 (5.5). >15
Invention Apparatus 1.27 x le (0.5) 4

As can be seen, all other things being equal, the invention is
very economical in terms of both conveyor space and electrical -
usage. The fact that heated air is not needed is also a plus '
since this reduces the risk of oxidation of the copper traces
on the circuit boards. ' '
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regi on of reC|rcuIat|ng fluid, which- perntts undesi rabl e re- deposi t.ion of

debris or spent fluid. Wth reference to Fi:g. 1, as noted above, the |
fluid jets injected by the fluid jet injectors are to.be subrmerged. fluijd
jets, i.e., the fluid jets are to be injected into a |ayer. of s%‘g 921109
covering the surface 52 and substantially f4!l1ing the space between the

surface 52 and the. substrate 100. -Such subnerged flui'd jets are achieved,

in accordance with the invention, by lprigngi pomtée subs
proximty with the surface 52 so that the ratio HDra !ﬁgﬂymwmﬂ 2
to about 15. Ratios snmaller than about 0.2 are undesira

substrate 100 is then so close to the surface 52 that the substrate is

likely to begone raai@dcpdtmeit tdphartdthase compr £ ddy ot her "hand, ratios
greater than about 15 are undesirahle because the substrate 100 is then so

far fromthe fluid jet injectors that the corresponding fluid jets | ose an
undesirably | argeatnbeast cd fiorethtsunfiagfeor ofi Apnitg niimensionie $nbiuding

100. It should hg Qﬂé%&é‘aédé@earﬁpw efxllw dab@yﬁd %mrtahuéélhs&sbﬁcaheve
a fluid bearing actlon on H? éﬁstragg rﬁji)nse quence, t need for
rol lers and gui de@*H2tFEEHHY HI™h R degagrgac% F%RPt eﬁﬁb 58999f
transporting the substrate 100 is elim nated.
means for transporting a substrate over said surface at a
predetermined distance, H, from said surface, from said
‘entrance edge to said exit edge along a direction which
is substantially parallel to said axis, characterized in
that

said appargtué further comprises at least a first row -of

" at least two, spaced-apart fluid jet injectors, said
finst row being aligned tréns?ersely to said axis, said
at.least two fluid jet injectors penetrating said surface
and serving to produce a first row of at least two fluid
jets which impinge upon said substrate, each of said
fluid jet injectors being characterized by a diameter, D,
with the ratio H/D ranging from about 0.2 to about 15,
and said first row of fluid Jet injectors being
positioned closer to said entrance edge than to said exit .
edge, whereby after said first row of fluid jets is
impinged upon said substrate, more than half the fluid
associated with said first row of fluid jets flows in a
direction substantially opposite to the direction of
transport of said substrate.

2, Tﬁe fluid treatment apparatus of claim 1, wherein each of
said fluid jets is characterized by a fluid speed, V, - at
said fluid jet injectors, and the fluid of said fluid
-jets is characterized by a kinematic viscosity, nu, and
wherein a Reynolds number associated with each of said
fluid jets, deflned as the ratio V*D/nu, ranges from
about 50 to about 30 000.
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each of the fluid jet injectors is necessarily the sang, &nd‘th® speed of
the fluid jets emanating fromthe fluid jet injectors is neggsgghi hyeal so
the sane. If the kinematic viscosity of the supplied fluid is denoteg by nu
and the speed of the fluid jpets at the2flleid jet injectors is denoted by V,
then the Reynol ds nunber associated with each of the fluid jets, defined as
the rati o3v-D/ e Hhudide taearmeatgapperatuaititcladm d abodi BEWEr Reynol ds

nunbers | ess téafp@iiHg 2@ de@sendesbiohd erP G 1BEsEWsSsponding fluid
j ets have undeS|raQLy snalrlnngpgt%.1Cn & . -
EN 992 100  SPaced-apart fluid jet injectors, saifd,gegopd rqt,Reingeynol ds

nunber s great ealigned dhemsvedsedy tresaideskisblthebétuideiethe achi evenent
of such hi gh Reyjudebyrd$E8hId" 88UbRESToWUEEid Yenktbhoing! fYyn pressures.
surface and also serving to produce a second row of at
least two, fluid jets which impinge upon said substrate,
said second row being positioned between said first row
and said exit edge.

4. The fluid treatment apparatus of claim 3, wherein said
second row of fluid jet injectors is positioned
equidistantly between said entrance edge and said exit
edge. '

5. The fluid treatment apparatus of any one of claims 1 to’
4, further comprising at least a first row of at least
two, spaced-apart drain holes which penetrate said
surface, said first row of drain ﬁoles being aligned
transversely to said axis and being positioned between
said entrance edge and said first row of fluid jet.
injectors. .

6. The fluid treatment apparatus of claim 5, further
comprising means for pumping fluid out of said first row
of drain holes.

7. The fluid treatment apparatus of claim 5, further
comprising at least a second row of at least two,
spaced-apart drain holes, said second row of drain holes

- being aligned transversely to said axis and being
positioned between said first row of fluid jet injectors
and said exit edge. '

8. Fluid treatment apparatus, comprising:

first and second spaced-apart surfaces, each having
finite dimensions, defining a channel therebetween having
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I n accordance with the invention, and as noted above, the row 60 of fluid

¢jet injectors is positioned closer to 54 (see Fig.-3) of
the surface 52 than the exit edge 56. Hﬁmmmmﬁﬁﬂﬂfg@ﬁe operation of the
apparatus 10, the resistance to fluid TkOwfro 60 t opRréehd hppexit
edge 56, through the relatively long portion of the |layer of spent fluid
covering the surface 52, is relativel y-mzjk. -By contrast, the resistance to
fluid flow fromthe row 60 toward t he ‘entrance edge 54, through the

rel atively shortanpentrancei ameexidy@ndfanspghe exteniing LPRgSaRE surface

52, is relatively layW-oCppsssierdtit; after the fluid jets eritted by the
row 60 of fluid et 1njectors inpinge.upon the substrate 100, nore than

hal f the fluid associated with the fluid jets flows counte[currqntlﬁ t owar d
the entrance edgeand. £dhutranspRstingh (% sybagsate fhrquah) §3iidi sherngebs
debris is substguiiakhYshE4UELEE©OarR isddatedurfades haugla aakesbown in the

drawi ngs, the injector plate 50 f.erably.i.ncl udes f | ol es
posi ti oned adj a@_é‘ﬁ’?t’?ﬂ&?@ﬁ¥ a?&:éﬁgl‘;egle f§4,s)é%fji éﬁ%g' t%%rrllg\%\egri gefeg{:?éﬂ?%e

i magi nary axi s kxb0saiticewitl sfharasterizednin thadly venting of the
above-descri bed countercurrently flowng fluid. Mreover, if a punp is used

to punp fluid out ,of the drain.hgl.es, then.th tercurrent . flow j
enhanced.  Pref@ifppHPaL ‘h%ﬂf%h(ﬁf scﬁ)gl\ﬁr%ilsﬁgtﬁgwraasvﬁ r?gsf,lr%ﬁer%ﬁj Jé?:t or
plate 50 al so i atl ddestatvow spagrdrnapard dupdsiet cnieck@rsechtidhe exit

edge 56, alignegit-cansy@rBeling t idiRd transversely to said axis, the
fluid jet injectors of said first row penetrating said
first surface and serving to produce a first row of at
least two, spaced-apart fluid jets which impinge upon a
lower surface of said substrate,
atileast a second row of at least two, spaced-apart fluid
jet injectors, said'sqcohd row being aligned transversely-
to said axis, the fluid jet injectors of said second row
penetrating said second surface and serving to produce a
second row of at least two, spaced- apart fluid jets
which impinge upon an upper surface of said substrate,
said second row of fluid jet injectors being positioned
relative to said first row of fiuid jet injectors so that
if said second row of fluid jet injectors were to be
projected onto said first surface, the fluid jet
injectors of said second row would be substantially
interdigitated with the fluid jet injectors of said first
row. ’

9. The fluid treatment apparatus of claim 8, wherein each of
the fluid jet injectors of said first row is _
characterized by a first diameter, D1, and each of the

- fluid jet-injectbrs of said second row is characterized
by a second diameter, D2, and wherein said means serves
to transport said substrate through said channel at a
first disﬁance, Hl, f;bm said first surface and at a
'Sgcond distance,H2, from said second surface, and wherein
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i magi nary axis 110. These .additi onal.-drai-n-hel-es>serve to vent the
relatively small anount of fluid which flows toward the exit ed

. : ge
ot g A e R e e S o

EN 992 100 . 10" - f|UIdjet |nJe09tors
penetrating the surface 52, aligned trﬁnﬁye:sely to the imginary axis 110.
Significantly, this second row 70 of fluid jet injectors, which includes
fluid jet igae %_%s,;gla HY /P rafiled faiom. aboetpm.sz tucora@dubelﬂeandttmerow
60 of fl uid-{%et 1N ectgrs and theﬁ?& a? de §62 &4 gj ferabl y
eqU|d|stantIy ﬁ8§F§Poﬁ {PH LT e rance edge 54 an the exit edge 56.
By virtue of ‘tte presence of the fluid jets emitted by the second row 70, -
t he above- %Crﬂ deGRYAt EESMKEHY appawatasoof at balimiidt,hwheeeifi| each eof t t ed

by the first-roy Ofiuiénﬁééce sald first row of fluid jets is
characterized by a fluid speed, V1, at the first row of
fluid jet injectors and each of the fluid jets of said
second row of fluid jets is characterized by a fluid
speed, V2, at the second row of fluid jet injectors, the
fluid associated with each of the fluid jets of said
first fow of fluid jets is characterized by a kinematic

viscosity, nul and the fluid associated with each of the
fluid jets of said second row of fluid jets is
characterized by a kinematic viscosity, nu2, and each of
the fluid jets of said first row and said second row of
fluid jets is characterized by a Reynolds. number, defined
as the ratio V1*D1/nul and V2 D2/nu2, respectively, which
ranges from about 50 ‘to about 30,000.

11. The fluid treatment apparatus of any one of claims'8 to
10, wherein each of said first and second rows of fluid
jet injectors is positioned closer to said entrance than
to said exit. '

12. The fluid treatment apparatus of any one of claims 8 to
11, further comprising a third row of at least two,
spaced—apart fluid jet injectors, said third row being
aligned transversely to said-axis/ the fluid jet
injectors of said third row penetrating said first
surface and serving to produce a third row of at least
two fluid jets which impinge upon a lower surface of said
~substrate, said third row of fluid jet injectors being
positioned between said first row of fluid jet injectors
and said exit: .

13. ' The fluid treatment apparatus of claim 12, further
comprising a fourth row of at least two, spaced-apart
fluid jet injectors, said fourth row being aligned -
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To avoid inposing a torque on the substrate 100, and Eﬂ dep icted . in Fi gs

*and 2, the first enbodi nent of the |nve£u"lﬁ u@ ﬁﬂ“! 0 preferably -
i ncl udes a kecond pl enum housi ng 120 m chanmber 130 into
which fluidtis fed under pressure via a feed tube 140. An inj EBt 892plave
150 i s mounted on the pl enum housi ng. 120, ,with rows 160 and 170 of fluid

jet injectors extending fromthe pl enum %ﬁanber 130 to the surface 152 of

the injector plate 150rs'£l_al§r U:uégﬂieéo semtthteeq RYqt f‘&tr%gfeélt@(}sa%‘il 170, -

whi ch i npi ngé updf e surface he substra serve to
count er bal ance tgedd |fmuert eF?WeB?{‘?"eEF‘b’;P ﬁéiﬁoﬁchBda-ﬂb"fﬂYe Wch i npi nge
upon the |ower sghaag eb bhedsubsarmerﬂﬂ&-owAefaatese&st twededuiabl e -

t orques on the su S”?‘H@H %ﬁ‘ u Wct Bk ;géi#esar}_(aw to Figs. 1,4

and 5, a second ap ar a I'S generally
simlar to the faumtreﬁﬁadﬁﬂéﬂtfm‘ﬁfr% %b&?énsnﬁeﬁiﬁ%‘me‘ﬁéﬁtﬁﬂeﬁél gaiflcl udes
both the pl enumdyw.uneoaoognﬂmm jéteuufmd&au&snana%lcnmhtﬂ)eaaur sagas 52

and 152 defi ne nel h t c dges 54
and 154 and an gﬁ g‘ "c'eﬁ%i{‘]%egg%ﬁ{kq%&g ggjt %nﬁ%é]alfﬁl S C a%ﬁ‘gl 98 .
characteri zed bythat afi §hﬂ,hf1:‘h1¢ sief |~‘é’fie€d‘-°FFaﬁ§v§"P%<éI§m{rd‘—ht H?é’WeH??-'ance and

exit edges 54, 15% pe gﬂd;&é&am&&@a@&ﬁsen&ﬁhm&; rﬁ'{hCElﬁfidt hetchannel

to the exit of the channel gction wi he odi nent, the
substrate 100 i g% F&ﬁgﬁﬁr?gds?/’r&a “FCO‘T ers°§0"’gﬁ%‘qg% t‘?ﬁ ‘1{1 g?
above-defi ned interdigitated with the fluid jet injectors of said third -

Irow.

14. - Fluid treatment apparatus, according to any one of claims
8 to 13, further comprising:.

a cobrdinaté system includfng an x—axis which ‘is parallel
to said axis extending from the entrance to the exit, a
‘y-axis which lies in a least-squares f1t planar
approximation to said first surface and is perpendicular
to said x-axis, and a z-axis which is perpendicular to
both said x-axis and said y-axis; :

characterized in that

said second row of fluid jet injectors is positioned at a
greater x-coordinate location than said first réw of
fluid jet injectors, and at least each of the fluid jet
injectors of said second row of fluid jet injectors being
inclined toward said entrance edge with each forming an
angle with said z-axis, as measured in the ’
counterclockwise direction in a plane defined by said
2-axis and said x-axis, which angle is greater than 0
degrees but less than 90 degrees,_whereby after said
first row of fluid jets is impinged upon said substrate,
more than half the fluid associated with said fiist row
of f1u1d jets flows" in a dlrectlon substantially opposite
to the dlrectlon of transport of said substrate.
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EN 992 100 - 11 - channel in a direction
*which is substantially parallel to the ] {Ss transport occurs
at a distance, Hl, above the surface SJmnm“ﬂmﬂufume H2, bel ow the
surface 152. The distances HL and H2 need rfot ‘be*t ht sane. B 982000 n
Figs. 4 and 5, the second enbodi nent includes at | east one row 60, .and
preferably two rows 60 and 70, of fluid 3%t injectors penetrating the
surface 52. The fluid jet injectors of the r0£$ PO aqﬂ{?Ohare of equa

di ameter, W6, amtet Fduid tregarantydRoRrahly 8hi ¢l L4 ERPFEHY 2%
injectors with {leliespeesd et Thejddtors ph $abd esddandd rpwt of | luid.
characterized by 3 kiDemplie ¥ S8 WhcldhedPEskar@atd YhaxLoy S 5

positioned clos rance ed han to the exit edge 56,. f.or the

e 54 t X .
reason di scussesfabbeeinclimpd s@dﬁf%%éﬁbgﬁﬁﬁ‘éﬁ?mal FHing| 8Bet e IR one
row 160, and prgheaabtaxisp dowedsitedndnlfbe clodkwiise dérechientin =

plane defined by said z-axis and said y-axis, which is
greater than 0 degrees but less than 90 degrees.

16. A method for treating a substrate with a fluid,
comprising the steps of:

transporting said substrate over a surface, of finite
dimensions, including an entrance edge and an exit edge
and characterized by an axis extending from said entrance -
edge to said exit edge, said_transpdrting being carried
out at a distance, H, from said surface, from said
entrance edge to said exit edge, along a direction which
is substantially parallel to said axis; and

impinging at least a first row of at least two fluid jets
according to claim 1 or 2 upon said substrate.

17. The method of claim 16, further comprising the step of
.impinging at least a second row of at least two fluid °
jets upon said substrate, emanating from a second row of
at least two, spaced-apart fluid jet injectors, said
second row of fluid jet injectors being aligned
transversely to said axis and penetrating said surface,
and therefore said second row of fluid jets is aligned
transversely to said axis, said second row of fluid jet
injectors being positioned between said first row of

. fluid jet injectors and said exit edge and the areas of
impingement of said second row of fluid jets upon said

- substrate being between the areas of impingement of said
first row of fluid jets upon said substrate and said exit
edge.
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penetrating the surface 152. The fluid jet injectors of the rows 160 and

»170 are of equal dianmeter D2, and the o N | they emt exit the
fluid jet injectors with fluid speed mmﬂﬁ Mthesefluidjetsis
characterized_by a kinematic viscositys - S er D2 is not

necessarily equal to the dianmeter D1, the kinematic viscosityENuU292s10®t
necessarily equal to the kinematic viscd§ ty nul, and the fluid speed V2 is
not necessarily equal to the quid spee In t he second enbodi nent.,

li ke the first gbggngf {p Qfsﬁ%@@latégéf§% a1 Q&Gnuhoﬁgglgisgﬂlnuz

fall withi lt&+he PVeR  ab ove or the reasons gi'ven 4
nore clearly |ntﬁﬁgstﬁpstﬁ§ second enbodi nent differs fromthe first
embodi ment’ in that the row 160 is shifted relative to the row 60.so that if

" e 1o SreRaPREPLRL G RO BErLh P i Bl e T RO,

fluid jet |nJecB@ﬁgeéfaPﬁétr%ﬂFQﬁFeSFhécFSEFiWE te oiajm §rP9 shi ft ed
relative to theprawe?@blyRavingas coirdihese spitfdm dctoraingsuoeciagn f1uid.
jets which pene&kagg Tglggdin

impinging at least a first row of at least two fluid jets
accordihg to any one of claims 9 to 11 upon a lower
surface of said substrate, said first row of flﬁid jets
emanating from a first row of at least two fluid jet
injectors which penetrate said first surface, and
impinging at least a second row of at least two fluid
jets according to any one of claims 9 to 11 upon an upper
surface of said substrate, said second row-of fluid:'jets
emanating from a second row of at least two fluid jet
injectors which penetrate said second surféce, said’
second row of fluid jets-being positioned relative to
said first row of fluid jets so that if said second row
of fluid jets were to be projected onto said first
surface, said second row of fluid jets would be
substantially interdigitated with said first row of fluid
jets.
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EN<992 100 - 12 - the substrate 100 are

i unopposed by counteracting fluid jets, which substantially elimnated.- -,
dragout in such hole. The ampunt of the above-described shift, denoted
Sy, is chosen so that the ratio Sy/Sis greater .than O but Iess than 1.
Ratios equal to 0 and 1 inply an absence of interdigitation EN $8254801d be
noted that the second enbodi nent has b\%r.? found to beparti cuI arly- useful
in rinsing substrates having hol es. h.reference nowto Figs. 6,7,8 and
9, a third enbodi ment of the invgndiyer qpmabagus is generally simlar to
the first and second enbodi nents, and is characterized by a coordi-nate
system x,y,’z, as pictured in Fig.,6. As shown, the x-axis is parallel to
the axis 13 Qewsapphdatds Eoh tieating subsS2athe el tleffiuics t esagelhe

transport axis. Q&%ﬁém |E£1d bdiiiphie: fOLROES 4 laylcaBabaaPphgxi mti on
to the surd®& 8% enlcu art Z-axis is

per pendi cuiest ap@asemsmé 5§ & JiftY R }ggﬂlgion %Jgf‘ﬁ'fjr de&nbodi ment
differs frﬁ{j'dch@rﬁ%hﬂdhemtﬁmﬂtaﬂrﬁany oviextomes hthd prubliemuiod j et injectors

in row 70 Jrsagiougl,' Eﬁdwruch fluid impinged upon an area of a substrate
ig retained on that area, preventing fresh fluid from reaching
the impinged area. This new configuration also avoids imposing
torqués on substrates, and substantially reduces the need for
rollers and guides for transporting substrates.
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A

¥dward the entrance edge 54. Mreover, each of these fluid jet injectors
forms an angle, theta, with the z-axis, as nmeasured in the counterclockw se
direction in a plane defined by the z-axis and x-axis, which is greater
than O degrees but | ess than 90 degrees. Such an inclination, and range of
angl es, theta, enhance the countercurrent flow associated with the fluid
emtted by the fluid jet injectors in the row 60, discussed above.
Preferably, the fluid jet injectors in the row 70 are al so inclined toward
the y-axis. Mreover, each such inclined fluid jet injector forns an angl e,
phi, with the z-axis, as neasured in the clockwi se direction in a plane
defined by the z-axis and the y-axis, which is greater than 0O ggggees but

| ess than 90 degrees. This y-axis inclinaggon is 7 cause it

i nduces the fluid emtted by the fluid jfet i
EN 992 100

upon the substrate 100, to fl ow

| mpi ngenent
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| aterally in the direction of the y-axis, which also serves to elimnate
dragout . As shown in Figs. 7 and 8, the third enbodinent. al so i ncludes a !
row 72 of fluid jet injectors penetrating the surface 52. This third rowis
advant ageous because the corresponding fluid jets serve to stabilize the
notions of substrates, particularly relatively thin substrates. As al so
shown in Figs. 7 and 8, the surface 54 is penetrated by rows 160, 170 and
172 of fluid jet injectors, which mrror the rows.60, 70 and 72 penetrating
t he surface 52. It should be noted that the third enbodi nent has been
found to be particularly advantageous in drying substrates with holes.
Exanple 1 Rinsing of circuit boards was conpared using a standard spray
rinse vs. the invention apparatus. The conparison | ooked at conveyor 4ength
used for rinsing, electricity usage, flowrate of rinse water used, and
resultant ionic contam nation on the circuig/goards. For both parts of

t he experinent, one or two DSM (doubl e spray =

|
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¢ mbdul es), horizontally conveyorized wet processing equipnment built by-
Chentut in State Col |l ege, Pennsylvania, were used in a countercurrent ri-nse
configuration. For the standard spray rinsing tests, two nodul es were used
in series, with the spent waste water of the second nodul e cascading, to
the first nodule and then to waste treatnment. Each nodul e had solid
cylindrical "squeegee" type rollers at its entrance and exit and had its
Own punp supplying the sprays. For the invention apparatus rinsing tests, a
single nmodule was fitted with four pairs of the apparatus having the
preferred enbodi nent for rinsing as.shown in Figures 4-and 5.
EN 992 100 - 14 - Each apparatus pair for
the rinsing enbodi ment was characterizeg/gy two surfaces with_ an an
entrance-to-exit length of 2.87 x 10[err]m (1.13[err]). Two rows, each
containing 327 7.62 xlQlerrl (0 030Lereli—gdig——tnloctoes—yere placed in

bot h the upper and | ¢ “~gurtdces at "di'stances from t he entr@nqg;edge of
the device of, respegitivety—1-08 x—t0ferrim (0. 425fFerrFr—ad 1. 76 x
10[err]m (0. 692[err] E hol es

e e e e o e e e e e e -4

1701 170-2 170-2 152
- ® R

——80
FIG.4
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¢ through 1.27 x 10[err]m (0.5[err]) thick pol ycarbonate plastic. l
Center-to-center spacing of the 7.62 x 10[err](0.030[err]) dia. injector

,.holes within each of the four rows was 2.29 x 10[err]m (0.090[err]). The

- injectors in the first and second rows in the upper surface were positioned
so that their projection onto the | ower surface was centered between the
injectors in the first and second rows in the | ower surface, respectively.
The y-position of the injectors in the second row in each surface was
offset fromthe y-position of the injectors in the respectqusadjacent
first rowby 1.73 x 10[err]m (0.068[err]l). A 10 degree beveling of the
first 4.06 x 10[err]m (0.16") of the upper andAowe urfaces served as a
guide for the substrates. Two rows of dréL//4 s weretgcl uded with
di aneters of 3.63 X 10[err]n1(0.143[err4,/f’ @ﬁaced cent exgl o- center
within a row 4.88 x 10[err]m (0. 192[ exf”

: )yt were pl aced h centers
spaced 5.59 x 10[err] . L7 ¥ 10[err]m (0. 221 rj) from
the entrance and g1 6 ; ’

)

t he substr®
havi ng a vi\\&' y_.
each of the im~>a\:1
nunber, Re!®%f abo
exit side a pair of
provided with a puw
respective sunp
fall back into t
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w

stime, incom ng wat er caused the sunp water to cascade

EN 992 100 - 15 - continuously to the stage
preceding and finally to waste treatnent. By "stage preceding”, it is neant
t he stage through which the circuit board would travel innediately prior to
the current stage. The water cascaded from stage to stage in the opposite
direction to the direction of circuit board travel. This arrangenent of

wat er cascade direction relative to product travel direction, is known as
"countercurrent rinsing” in the art, is the nost efficient in terns of both
overal | water usage and cleanliness of the final rinse, and was used in
both the spray and invention appadtius tests. Each run consisted of ten

circuit boards neasuring 0.254 x 0.381 x 1.52 x 10[err]m (10 x 15 x 0. 060
i nches) and hfFrng e&-mxture ot 1. 27 x Tolerr] m andL-'*Z 5790x 10[ err] m (0. 050

inch and 0.018 .
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“inch) diaméter holes. There were copper traces on epoxy dielectric on the
surface. The circuit boards were run at 3.05 m ef—F-hut-e-L120.lnches per

mi nute) ‘through a nicroetch chanber, followed by th&F r'ﬁ»’ﬁ@'fe‘l"léﬂnd%%w’f‘ﬂrl &é

" The m croetch consisted of approx. 40 g/l sodi ut Eer‘sﬁiﬁat'e mnds 40. tg/iagsd ...
sulfuric acid (I3 wat er. Resul t ant com;a matieh was: ngasuretgs,

using an Orega|i' g%&ﬁh HmtBEE"

i ch had? been cal ¥piatedto girvelabi poged -
conductivity re¢adi ngBEFfL[AC qui val ent Nad cont ani nition in i (& @;grzarm/,s)gu@r.-e
inch of circuit board: A _usage was neasured with a float-type

see-t hrough fl owreter, and power usage was dete npned vyn;t,h @Lha,nd 1 d
current neter. st el UL

EN 992 100
Resul ts Fluid \&Ifer %EATMENT APPA AN?or ng ectrical

ABSTRACT

A new apparatus for treating substrates with fluids, as well as a corresponding fluid
treatment method is disclosed. The new apparatus includes a new configuration of fluid jet
injectors which substantially overcomes the problem of dragout, in which fluid impinged
upon an area of a substrate (100) is retained on that area, preventing fresh fluid from
reaching the impinged area. This new configuration also avoids imposing torques on
substrates, and substantially reduces the need for rollers and guldes for transporting
substrates (100)

' FIG. 1

REPLACEMENT SHEET
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3
Delivery wusage contam nation |ength Usage Device merr]/mn

on product . " m(feet) Kil owatts (gal / mn)

Jerr]g/merr] (mcro g/sqg.in.) (Nad
equi val ent) Spr ay 1.89x10[err] 9.03x10[err] 3.12 2.7 i
(2-stage) (5) (1.4 (4) | nvention Apparatus 3.79x10[err]
|.10x10[err] = 6.1x10[err] 1.6 (4-stagd) (1) | (1.7) (2)

As can be seen fromthe data, the invention showed an essentially

equi val ent contam nation |evel while using 40% | ess electricity (four
smal | er punps feeding the apparatuses of the invention used |ess
electricity than the two | arger punps feaging the sprays) and generati ng
80% | ess water waste by volune, all in 0| ess_gfAve space than the
standard spray system As far as water fusage _i% let it be noted
that theoretically a four-stage spray rin use just as.small an
amount of water as a four-stage rinse ig€or I ng the i nventisy

appar atus. However, such_a four-stagessp ge woul d occupy f
as much conveyor space~anthwoul d g e ;fand one-third tJ
electricity as the nV‘W<iSP :g4é(atus. e :
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- Exanple 2 Drying of circuit boards was conpared using the invention
apparatus versus two state-of-the art dryers. Conparison results were
‘measured for both high and normal aspect-ratio thru-holes in ternms of
electricity usage and conveyor |ength.
20 CLAI M5 1. Fl uid treatnment
‘appar at us, conpri sing: at least a first surface, of finite
di mensi ons, including an entrance edg? and an exit edge and characterized
by an axis extending fromsaid entrai®e edge to said exit edge; means
for transporting a substrate over said surface at_a distance, H fromsaid
surface, fromsaid entrance edge to sdfd exit £ al ong a direction which
is substantially parallel to said axis,
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lleast a first :rowicht4 %F$’5§&§t
id first rowi b@jlv g-'-'-'ah heiss ‘EWP
ast two fl u dfj et inj ectiors
ogproduce aj I rst row bf at il easto

RIS S
sai d apparatus furthe
spaced-apart flui de bt i njectors,
transversely to saifl px0D5 NO¥ 199t
penetrating said suff i
two fluid jets whicp I'iprnge upon sai
I njectors being ch i ameter, D, Wth the ratlo I—VD rangl ng
f r om abouThus, thase eapeged i 3he dewetbpoaantof finid:treatmensfapparatudey- ad-ipathods bave slnfar

bei ng positioned closer tq _said entrance edge_tha -0 sai-gexit -edge, - —

St f"‘f‘ﬁ‘ﬁ““‘r‘*‘”ﬁ’ dicis Stemimobifoll aveone te
Par et T P aroPRitof ARRant parichlasly, e 2R PLsabEEH it BOIR: By veid BRpding

L Wher ei B oS AST kY () spstapiiin S M RoATCRy RBR fid, g&@sﬁo i

o har ac o Tlisfionle b %‘*‘n%{'?“éfe@?scogﬁ? A1ty {ocfibing e sitetbfénce Ehbelihy suc

associ at %H@fstihdeﬁﬁ&bspf said fluid Jets defined as the ratio V*D/ nu,
ranges from about™ 50 to about 30,000. 3. - The fluid treatnent apparatus

of claim1l1, further conpri SUNMMARYOF THESENVENTION of at |east two,

spaced-apart fluid jet injectors, said second row being aligned
It is an object of the present invention to ameliorate one or more disadvantages of

the prior art.

According to one aspect of the present invention there is provided fluid treatment
apparatus, comprising: at least a first surface, of finite dimensio_ns, including an entrance
edge and an exit edge and characterized by an axis extending from said entrance edge to
said exit edge; means for transpoﬁing a substrate over said surface at a distance, H,
from said surface, from said entrance edge to said exit edge along a direction which is
substantially parallel to said axis, Characterized In That said apparatus further comprises
at least a first row of at least two, spaced-apart fluid jet injectors, said first row being
aligned transversely to said axis, said at least two fluid jet injectors penetrating said
surface and serving to produce a first row of at least two fluid jets which impinge upon
said substrate, each of said fluid jet injectors being characterized by a diameter, D, with
the ratio H/D ranging from about 0.2 to about 15, and said first row of fluid jet injectors
being positioned closer to said entrance edge than to said exit edge, whereby after said
first row of fluid jets is impinged upon said substrate, more than half the fluid associated
with said first row of fluid jets flows in a direction substantially opposite to the direction
of transport of said substrate.

According to another aspect of the present invention there is provided fluid
treatment apparatus,-comprising: first and second spaced-apart surfaces, each having
finite dimensions, defining a channel therebetween having an entrance, an exit and an

axis extending from said entrance to said exit; means for transporting a substrate through



S EPLAC E
transversely to said axis, the fluid jet injectors OB TON al so
penetrating said surface and al so serving to prodgce¢ a second rowjof at

|l east two fluid jets which inmpinge upon said substr teosamv}mogd r ow
bei ng positioned between said first row,and said

21 4. The fluid treatnent apparatus of claim 3, secophd row
of fluid jet injectors is positioned equidistantly between said entyance

edge and siid dh@el, RB@€en sakd first bad sktanddbukfaea, iR atdifpten stbitandihlly patdlel ,
further conprising at least a first row of at |east two, spaced-apart

dr ai n hol wssawhaxik, fromefaidhemtrange to said feait eChaactdrizad bt That waidf apgamius fulihees
being aligned transversely to said axis and being positioned between said
entrance Cosppféseardd least @ first saw 5wt dgast twi,dsppead-apapteBuidrist injectors, Faid fitstii d

treatment apparatus of claim5, further conprising neans for p“”Fi rtlg
irst row

row being aligned transversely to said axis, the floid jet injectors of said
penetrating said first surface and serving to produce a first row of at least two, spaced-
apart fluid jets which impinge upon a lower surface of said substrate. at least a second
row of at least two, spaced-apart fluid jet injectors, said second row being aligned
transversely to said axis, the fluid jet injectors of said second row penetrating said
second surface and serving to produce a second row of at least two, spaced-apart fluid
jets which impinge upon an upper surface of said substrate, said second row of fluid jet
injectors being positioned relative to said first row of fluid jet injectors so that if said
second row of fluid jet injectors were to be projected onto said first surface, the fluid jet
injectors of said second row would be substantially interdigitated with the fluid jet
injectors of said first row.

According to still another aspect of the present invention there is provided fluid
treatment apparatus, comprising: at least a first surface, of finite dimensions, including
an entrance edge and an exit edge, said first surface being characterized by a transport
axis extending from said entrance edge to said exit edge and a coordinate system
including an x-axis which is parallel to said transport axis, a y-axis which lies in a least-
squares-fit planar approximation to said first surface and is perpendicular to said x-axis,
and a z-axis which is perpendicular to both said x-axis and said y-axis; means for
transporting a substrate over said surface at a distance from said surface, from said
entrance edge to said exit edge along a direction which is substantially parallel to said
transport axis, Characterized In That said apparatus further comprises at least a first row
of at least two, spaced-apart fluid jet injectors and a second row of at least two, spaced-
apart fluid jet injectors, said first row being aligned transversely to said transport axis
and the fluid jet injectors of said first row penetrating said first surface and serving to

produce a first row of at least two fluid jets which impinge upon said substrate, said
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a second fov of at |east
' WI pst bei ng al i gned
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' n{ apparatus,
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fluid out of said first row of drain holes.
apparatus of claim5, further conprising at
two, spaced-apart drain holes, said second §
transversely to said axis and being posidio
fluid jet injectors and said exit edge. 8,
conprising: first and second spaced-apart syrfaces, having finite

di mensi ongecod@fdow Being 4lipasd atanbVasatyabwarh GERTig&tord ofesdid

and an axis extending fromsaid entrance to said exit; means for

t ranspor t sevgpnd rewlpehetating said figit saefack addosendhg td ptodaes a sedodfriowsds atridast
second surfaces, in a direction substantially parallel to said axis, from
sai d ent r twe dluich jets; shicheinpingeChpom s2id subsstatd, rsalthsecond row of flwid detpiajestors
further conprises at least a first row of at | east twg, .spaced-apart fluid

j et injecheing, positioped; 3t grSAHEh - FRPIAINAL lagation, Ahap. said| fjrst Jowaoff Buidsiett he
fluid jet, ,injectors of said first rqw.penetrati said first surface, and
servi ng Iy a8t e oart ot G Skt BE Biedidrs. ol oot R ot A1, ief <
whi ch i npin'}gc?or%po%?ngainlcﬁncdm to%v%’é 35 e%];:ralsic% gdgesv%ﬁf tegc%t f%'rming an angle with said

z-axis, as measured in the counterclockwise direction in a plane defined by said z-axis

each

and said x-axis, which angle is greater than O degrees but less than 90 degrees, whereby
after said first row of fluid jets is impinged upon said substrate, more than half the fluid
associated with said first row of fluid jets flows in a direction substantially opposite to
the direction of transport of said substrate.

According to still another aspect of the present invention there is provided a
method for tréating a substrate with a fluid, comprising the steps of: transporting said
substrate over a surface, of finite dimensions, including an entrance edge and an exit
edge and characterized by an axis extending from said entrance edge to said exit edge,
said transporting being carried out at a distance, H, from said surface, from said
entrance edge to said exit edge, along a direction which is substantially parallel to said
axis; and impinging at least a first row of at least two fluid jets upon said substrate,
emanating from a first row of at least two, spaced-apart fluid jet injectors, said first row
of fluid jet injectors being aligned transversely to said axis and penetrating said surface,
and therefore said first row of fluid jets is aligned transversely to said axis, each of said
fluid jet injectors being characterized by a diameter, D, the ratio H/D ranging from
about 0.2 to about 15, said first row of fluid jet injectors being positioned closer to said
entrance edge than to said exit edge, whereby after said impinging step, more than half
the fluid associated with said first row of fluid jets flows in a direction substantially
opposite to the direction of transport of said substrate.

According to still another aspect of the present invention there is provided a

method of treating a substrate with a fluid, comprising the steps of: fransporting a



é s
at | east a second row of at |east two, spac | t}injectors,
said second row being aligned transversely tﬁé’@zﬁ Mgﬁlfﬁ’fﬁ fluid jet

i njectors of said second row penetrating s second surfagej and serving
to produce a second row of at |east two,, S a ed}BUNOY Wi P {ets which

| mpi nge upon an -upper surface of said substfjaie, said secopdjrow of fluid
jet injectors being positioned relative to $aid first row o luid jet

22 i nj ectsubsirasobétivaen fifst aad decagiopdcedoapass is0l of Eihité A nS, Wefiing @ be
projected onto said first surface, the fluid jet injectors of said second
r ow woul d channely @@rabmwaen yhavingnam resirgieeat @ ewittdndt e dxisuiestepdingi fripecsaids of

said first row The fluid treatnment apparatus of claim8, wherein
each of t KBIANCG; P%!fl 4%}, es@idh fransporting sfeg eqcpening alongsa dirgetion substantiably a

first diane D1, and geach of the fluid Je I nj ectors of said second
Fow | s chiEREIEkio S, HOBGEgheRtTnGR R s6id o S APRINERE shics A s o
serves to f_kag}fs &&Tflg% g uplf)lljlsa{ io%eer stu;']facugp salg Isu aztier] nsgid grst row of frluld jets

di st ance,
emanating from a first row of at least two fluid jet injectors which penetrate said first

surface, and impinging at least a second row of at least two fluid jets upon an upper
surface of said substrate, said second row of fluid jets emanating from a second row of at
least two fluid jet injectors which penetrate said second surface, said second row of fluid
jets being positioned relative to said first row of fluid jets so that if said second row of
fluid jets were to be projected onto said first surface, said second row of fluid jets would
be substantially interdigitated with said first row of fluid jets.

According to still another aspect of the present invention there is provided a
method of treating a substrate with a fluid, comprising the steps of: transporting said
substrate over a surface, of finite dimensions, including an entrance edge and an exit
edge and characterized by a transport axis extending from said entrance edge to said exit
edge and a coordinate system including an x-axis which is parallel to said transport axis,
a y-axis which lies in a least-squares-fit planar approximation to said surface and is
perpendicular to said x-axis, and a z-axis which is perpendicular to both said x-axis and
said y-axis, said transporting step being carried out at a distance from said surface, from
said entrance edge to said exit edge, along a direction which is substantially parallel to
said transport axis; and impinging at least a first row of at least two fluid jets, and a
second row of at least two fluid jets, upon said substrate, said first row of fluid jets
emanating from a first row of at least two, spaced-apart fluid jet injectors which
penetrate said surface and said second row of fluid jets emanating from a second row of
at least two, spaced-apart fluid jet injectors which penetrate said surface, at least each of
said second row of fluid jets being inclined toward said entrance edge and forming an

angle with said z-axis, as measured in the counterclockwise direction in a plane defined
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first surface and aj R Sst CE, H2, from said second surface, and
wherein the rati ofHY/ DL ranges frbnj about 0.2 to about 15 and the ratio

H2/ D2 ranges from aboyit 05 NQY¥ #¥7abbut 15.  10. The fl ui df Tmea f
apparatus of claimy, wherein each pfithge fluid jets of sajid gfslﬁl;%%:r HA%\BE@N
fluid jets is chara¢terized by a fluifd speed, V1, at the fi+st }-/},Q U | uid
j et I njectors, thé._i.l_l.u..d_.a.s.s.cm_a-t-a.d-vm'th each of the fluid jets of said
first rowbtaifllzaxis prd saidx-axishwhightie greated than @ dkgmesrhuﬁ lessvihan 96 degreasy 1,

and each of the fluid jets of said first row of uid jets is

char act er W&l@r&bwftar fiJ P Iging siew rmorgdhambalf the ﬂtn@—aﬁsama@dwﬂmm dESt WW ch
ranges fro %21 ahaqut éfo t,0 about, 30, 000. 11. The .d treatnent appar at us
of claim9? tiop substantially opposge t‘ég} ectigr §f apspArot said,; d

jets is ch r&cterlzed by a fluid speed, V2, at the second row of fluid
] et |nJec i he fluid associated W th each of the fluid jets of said
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an entrance edge and an exit edge and characterized by an axis extending from said

entrance edge to said exit edge; and means for transporting a substrate over said surface
data distance, H, from said surface, from said entrance edge to said exit edge along a
direction which is sustantially parallel to said axis, Characterized In That said apparatus
further comprises at least a first Tow of at least two spaced-apart fluid jet imjectors,
which first row is aligned transversely to said axis and which at least two fluid jet
injectors penetrate said surface, a center-to-center spacing between said at least two fluid
jét injectors being denoted by S, each of said fluid jet injectors including a hole of
diameter D and length L, with the ratio L/D ranging from about 0.5 to about 40 and
with the ratio S/D being greater than 1 but less than or equal to 20, and wherein said at
least two fluid jet injectors serve to produce a first row of at least two fluid jets which
impinge upon said substrate, each of said fluid jets being characterized by a fluid speed,
V, at said fluid jet injectors, and the fluid of said fluid jets being characterized by a
kinematic viscosity, nu, and wherein a Reynolds number associated with each of said
fluid jets, defined as the ratio V*D/nu, ranges from about 50 to about 30,000.

~ According to yet another aspect of the present invention there is provided a method
for treating a substrate with a fluid, comprising the steps of: transporting said substrate
over a surface, of finite dimensions, including an entrance edge and an exit edge and
characterized by an axis extending from said entrance edge to said exit edge, said
transporting being carried out at a distance, H, from said surface, from said entrance
edge to said exit edge, along a direction which is substantially parallel to said axis; and

impinging at least a first row of at least two fluid jets upon said substrate, emanating

This Sheet Has Been Replaced
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12. The fluid treatnent apparatus of claim8, wherein each of said first
and second rows of fluid jet injectors is positioned closer to said
entrance than to said exit. 13. The fluid treatnment apparatus of claim12,
further conprising a third row of at |east two, spaced-apart fluid jet

I njectors, said third row being aligned fransversely to said axis, the
fluid jet injectors of said third row penetrating said first surface and

serving t groff #EiaGow dfitNéhst AV, Mpadid-dpaasiuil Y& ihjestofiSchabicterivell &y 4 faidige

upon a | ower surface of "said substrate, said third row of fluid
j et i nj ectostetdre spegingo dehoted sy 1Set saie rfirsts aowl 6f flaid fjewingéctdrk ubeing edligned

injectors and said exit. 14. The fluid treatnent apparatus of claim 13,
further ctuapversslygo saif auistandrpencioating said surfacet ansl thereforecbaidpfirst réw wif dlujidt
i njectors, said fourth row being aljigned transversely to said axis, the

fluid jetjenjscdigaed trgpsversely foowid AXip oopch o seidAuid detdpjeptosinslvding 4 deilled and
oo 0 hoflrof diameter b°and length L, it the fafio L/D Tangini fro Bbout'b!'so abobt 40'°
and with the ratio S/D being greater than 1 but less than or equal to 20, and wherein
each of said fluid jets is characterized by a fluid speed, V, at said fluid jet injectors and
the fluid of said fluid jets is characterized by a kinematic viscosity nu, and wherein a
Reynolds number associated with each of said fluid jets, defined as the ratio V*D/nu,
ranges from about 50 to about 30,000.
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
The invention is described with reference to the accompanying drawings, wherein:
Fig. 1 is an isometric view of a first embodiment of the inventive apparatus;
Fig. 2 is an end view of the embodiment shown in Fig. 1;
Fig. 3 is a top view of the embodiment shown in Fig. 1;
Fig. 4 is a top view of a second embodiment of the inventive apparatus;
Fig. 5 is a front view of the second embodiment of Fig. 4;

Fig. 6 is an isometric view of a third embodiment of the inventive apparatus;

Fig. 7 is an end view of the embodiment shown in Fig. 6;
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surface of said substrate, said fourth row being positioned between said
second row of fluid jet injectors and said exit, and said fourth row being
positioned relative to said third rowso that if the fluid jet injectors
of said fourth row were to be projectedze@nto said first._surf.ace, the fl-uid
jet injectors of said fourth row would be substantially interdigitated

hopar atas,  compr i sing O %t “Teast a tirot surtacl ﬂ\llﬁmm‘" i
di mensi onk, '%ﬁ%@@&@eahamat@ﬂa@@%mgand an exit edgd& 6&ai'd f1rst
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(oast - squdees cﬁaraftﬁﬁié"d By b AR el o Safl Simied ek sl Snvaie

di cul h
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transpor tpaaxiied to did ARk OharRtbriz8d ThThat

said apparatus further comprises at least a first row of at least two, spaced-apart
fluid jet injectors, said first row being aligned transversely to said axis, said at least two
fluid jet injectors penetrating said surface and serving to produce a first row of at least
two fluid jets which impinge upon said substrate, each of said fluid jet injectors being
characterized by a diameter, D, with the ratio H/D ranging from about 0.2 to about 15,
and said first row of fluid jet injectors being positioned closer to said entrance edge than
to said exit edge, whereby after said first row of fluid jets is impinged upon said
substrate, more than half the fluid associated with said first row of fluid jets flows in a
direction substantially opposite to the direction of transport of said substrate.
2. The fluid treatment apparatus of claim 1, wherein each of said fluid jets is
characterized by a fluid speed, V, at said fluid jet injectors, and the fluid of said fluid
jets is characterized by a kinematic viscosity, nu, and wherein a Reynolds number
associated with each of said fluid jets, defined as the ratio V*ID/nu, ranges from about 50
to about 30,000.

3. The fluid treatment apparatus of claim 1, further comprising at least a second row
of at least two, spaced-apart fluid jet injectors, said second row being aligned
transversely to said axis, the fluid jet injectors of said second row also penetrating said
surface and also serving to produce a second row of at least two fluid jets which impinge
upon said substrate, said second row being positioned between said first row and said

exit edge.
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sai d apparatus further conprises at least a first row of at |east two,
spaced-apart fluid jet injectors and a second row

spaced-apart fluid jet injectors, said first row bO\l‘WIH“maHH"m““‘
transversely to said transport axis and,jhe fluid je eot oms o&f *sai
first row penetrating said first surface and serving to produce a flrst r ow
of at |east The flufidittbajred apphbus oPchgR 3)PRhersii shi® Wosdndatdv ofafheldsjeeond
row being aligned transversely to said axis and the fluid jet injectors of
sai d secoimjectarsvippositionstliequidisiantly batween sid éntrmcaadgesandsaitgexivedgeoduce a

second row of at least two fluid jets which inpinge upon sai d
subst rat e3- safbe fuidorentmen) apparatus af plaim Ly furthes compeising 3p desist &(Sﬁ%fcroat Oﬁ
greater x- _ coordinate Iocatlonthans id first rowof fluid | ctors,
and at | e3ideast Swe, srcedyapart dradp holes W RIS $¥i0 SURTRpes S Tt ToW i d

t h d t d. th h f
o T B ARgbA SRR 458 AR G bl SR8 b
in a pI aneedgg hr})g% H%t?&b%fﬁuﬁﬁe?uﬁ&% §a| d x-axis, which angle is greater

than O
6. The fluid treatment apparatus of claim 5, further comprising means for pumping

fluid out of said first row of drain holes.
7.  The fluid treatment apparatus of claim 5, further comprising at least a second row-
of at least two, spaced-apart drain holes, said second row of drain holes being aligned
trapsversely to said axis and being positioned between said first row of fluid jet injectors
and said exit edge.
8.  Fluid treatment apparatus, comprising: first and second spaced-apart surfaces, each
having finite dimensions, defining a channel therebetween having an entrance, an exit i
and an axis extending from said entrance to said exit;

means for transporting a substrate through said channel, between said first and
second surfaces, in a direction substantially parallel to said axis, from said entrance to
said exit, Characterized In That

said apparatus further comprises at least a first row of at least two, spaced-apart
fluid jet injectors, said first row being aligned transversely to said axis, the fluid jet
injectors of said first row penetrating said first surface and serving to produce a first row
of at least two, spaced-apart fluid jets which impinge upon a lower surface of said
substrate.

at least a second row of at least two, spaced-apart fluid jet injectors, said second
row being aligned transversely to said axis, the fluid jet injectors of said second row
penetrating said second surface and serving to produce a second row of at least two,
spaced-apart fluid jets which impinge upon an upper surface of said substrate, said

second row of fluid jet injectors being positioned relative to said first row of fluid jet
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degrees but | ess than 90 degrees, whereby after said fi rst row of fluid
jets is inpinged upon said substrate, nore than haI““IE '!L“Nﬁlmﬂml at ed
with said first rowof fluid jets rovvsinadirectl m

opposite to the direction of transport gf said substrate: 6N The fluid
treat ment apparatus of claim 15, wherein each of the fluid jet injectors of

sai d secoifectary sof thid ifi sdid Sicohdjrewt&Fr ﬁuldfjetalhfe@tdrﬁﬁ}ek@ﬁﬂb& ?M‘@_]E&eéfynfb ¥aid@x1 s,
each of the inclined fluid jet injectors formng an anglé Wwith said

z-axis, afirstesefaced tha flnil jel dojeviose afi saidt bewond Nrew plvatld def siteehdemiigai d
z-axis and said axis, which is greater than O degrees but |ess than 90
degr ees. mierdlgm{edfwmh the fhedtietaniectoppef saidifrsvrow! ai m 15, wherein said first
row of flbu d ctors is closer to said entrance edge than to said

exit edge: he ﬂ%ﬁgﬂiﬁl@b?‘m&f@ﬁ% pﬁglaan@wemn@aw ohthg ﬂl;ld ijet, mjn]ncut?s iofi |t ng
d b tr te over a surface, o inite
Bf'?}eﬁts.eﬁn?ﬁ Tt o, ﬁg“haWPeé%Fﬁ& E?%@egl izmes é%ﬂ@a@ug%thfrﬂgéu@trm?rs zed
i t_ edge, .sai
7 anspor {0 SRidChol, R BiderBh 1 Eﬁcaﬂ@ Haniglers T, 54 wherefh 4aid Sheens o
sai d entrapes ©496hshort $Hdsublirite etﬂiq)ﬁgh 3hidBafhed af § Hrk smclzec, r}-Ii,sfrom said

first surface and at a second distance, H2, from said second surface, and wherein the

(€

ratio H1/D1 ranges from about 0.2 to about 15 and the ratio H2/D2 ranges from about
0.2 to about 15,

10. The fluid treatment apparatus of claim 9, wherein each of the fluid jets of said first
row of fluid jets is characterized by a fluid speed, V1, at the first row of fluid jet
injectors, the fluid associated with each of the fluid jets of said first row of fluid jets is
characterized by a kinematic viscosity, nul, and each of the fluid jets of said first row of
fluid jets is characterized by a Reynolds number, defined as the ratio V1*D1/nul, which
ranges from about 50 to about 30,000.

11.  The fluid treatment apparatus of claim 10, wherein each of the fluid jets of said
second row of fluid jets is characterized by a fluid speed, V2, at the second row of fluid
jet injectors, the fluid associated with each of the fluid jets of said second row of fluid
Jets is characterized by a kinematic viscosity, nu2, and each of the fluid jets of said
second row of fluid jets is characterized by a Reynolds number, defined as the ratio
V2*D2/nu2, which ranges from about 50 to about 30,000. _

12. The fluid treatment apparatus of claim 8, wherein each of said first and second
rows of fluid jet injectors is positioned closer to said entrance than to said exit.

13.  The fluid treatment apparatus of claim 12, further comprising a third row of at
least two, spaced-apart fluid jet injectors, said third row being aligned transversely to
said axis, the fluid jet imjectors of said third row penetrating said first surface and

serving to produce a third row of at least two fluids jets which impinge upon a lower
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substantially parallel to said axis; and | mpi nging-at “teasta fiTst
row of at least two fluid jets upon said substrate, enan rst
row of at least two, spaced-apart fluid jet injectors, Eﬂ?ﬂ Im NBMI f
fluid jet injectors being aligned transvgysely to said S¢ ) i ng
said surface, and therefore said first rowof fluid jets is aligned

t ransver selyface of akid substsate esaidh thitd sewdof fididijet infictorsjbefigOpdsitied between
characterized by a dianeter, D, the ratio HD ranging from about 0.2 to
about 15, s3is {rst rew of flyid jst iieaions apdsaidrexitct or s bei ng positioned cl oser to

said entrance edge than to said exit edge, whereby after said inpinging
step, moré hgﬁlen yid treatment apparatus pf)plain J3e darthes comprisingaa dodsith sowrafatof

fluid jetg flows in a direction substantially opposite to the direction of
trans pJor t ﬁ?ﬁs{ g‘é{?ds@ﬁﬁg‘f‘l’%’f g[mdo Jes migefarsyspid fguph rewaheing aligneddranswerselylto

fluid j | d.fi .row.of fluid jets,is characteri,zed by a fluid
Spoed, v, S B dah bclicor of shid Bt B Belikati gif secqnd, ftsss and

serving to produce a fourth row of at least two fluid jets which impinge upon an upper

surface of said substrate, said fourth row being positioned between said second row of
fluid jet injectors and said exit, and said fourth row being positioned relative to said third
row so that if the fluid jet injectors of said fourth row were to be projected onto said first
surface, the fluid jet injectors of said fourth row would be substantially interdigitated
with the fluid jet injectors of said third row.
15. Fluid treatment apparatus, comprising:

at least a first surface, of finite dimensions, including an entrance édge and an exit
edge, said first surface being characterized by a transport axis extending from said
entrance edge to said exit edge and a coordinate system including an x-axis which is
parallel to said transport axis, a y-axis which lies in a least-squares-fit planar
approximation to said first surface and is perpendicular to said x-axis, and a z-axis which
is perpendicular to both said x-axis and said y-axis;

means for transporting a substrate over said surface at a distance from said surface,
from said entrance edge to said exit edge along a direction which is substantially parallel
to said transport axis, Characterized In That

said apparatus further comprises at least a first row of at least two, spaced-apart
fluid jet injectors and a second row of at least two, spaced-apart fluid jet injectors, said
first row being aligned transversely to said transport axis and the fluid jet injectors of
said first row penetrating said first surface and serving to produce a first row of at least
two fluid jets which impinge upon said substrate, said second row being aligned
transversely to said axis and the fluid jet inje-ctors of said second row penetrating said

first surface and serving to produce a second row of at least two fluid jets which impinge
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said fluid jets is characterized by a kinematic viscosity, nu, and wherein
during said inpinging step, a Reynolds nunber associa 1 ( sai d
fluid jets, defined as the ratio V*D/nu, ranges from mgmnmngmn
30,000. 20. The nethod of claim 18, qukher conprisings*the Siem Ofs =

e

I mpi ngi ng at |east a second row of at ast two fluid jets upon said

subst r at eup@NEHId bitRrate, @fidaesaRIRW bPfhidl jetinjectorabing PositisRaCAtr gfatet xE | ui d
jet injectors, said second row of fluid jet Injectors being aligned

t r ansver setordinatesiacaticaxthan said firsnetw af flnigl jeqingecsors f acleat leasd eadbeofetherfliid ai d
second row of fluid jets is aligned transversely to said axis, said second
row of f ¢t dnjpesorsi ofj sast sacond wewrnd fhud jeti injcetorhbeing inclived tpward saidr entrapte
fluid jet injectors and said exit edge and the areas of inpingenent of

sai d secoffiger with spch forming apanglsowith $pid ZaKs+ asnmsaestip thercopafercloekawvise eas

it cagitectipn 4 Ha efinrt o Sid Prigisad AsEd 7an. RGP SPelt th SRt AR Q1 ng
t he st f: ti bsty at e. .bet f .and d
Spaced. apdsaress it desctaf BOfdiaral? wheRitartf o il R ot £l 4 &y Tmpinigea

ther ebet V‘@fcﬂl gﬁﬂ' 'sﬂgstﬁ?e,qﬂafeatﬂﬁﬁ haf'thé€ fiufd Qﬁlgciﬁﬂd%'ﬂ? said first row of fluid jets

flows in a direction substantially opposite to the direction of transport of said substrate.

16. The fluid treatment apparatus of claim 15, wherein each of the fluid jet injectors of
said second row of fluid jet injectors is also inclined toward said y-axis, each of the
inclined fluid jet injectors forming an angle with said z-axis, as measured in the
clockwise direction in a plane defined by said z-axis and said y-axis, which is greater
than 0 degrees but less than 90 degrees.
17. The fluid treatment apparatus of claim 15, wherein said first row of fluid jet
injectors is closer to said entrance edge than to said exit edge.
18. A method for treating a substrate with a fluid, comprising the steps of:

transporting said substrate over a surface, of finite dimensions, including an
entrance edge and an exit edge and characterized by an axis exténding from said entrance
edge to said exit edge, said transporting being carried out at a distance, H, from said
surface, from said entrance edge to said exit. edge, along a direction which is
substantially parallel to said axis; and

impinging at least a first row of at least two fluid jets upon said substrate,
emanating from a first row of at least two, spaced-apart fluid jet injectors, said first row
of fluid jet injectors being aligned transversely to said axis and penetrating said surface,
and therefore said first row of fluid jets is aligned transversely to said axis, each of said
fluid jet injectors being characterized by a diameter, D, the ratio H/D ranging from
about 0.2 to about 15, said first row of fluid jét injectors being positioned closer to said

entrance edge than to said exit edge, whereby after said impinging step, more than half
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extending fromsaid entrance to said exit, said transporting step occurring

along a direction substantially parallel to said axis, f r%m’l I]ﬂT
to said exit; and i npi nging at least a first row of“m]” ,
fluid jets upon a |ower surface of saida2ssubstrate, said ftrst rownofsfluid
jets emanatirflg‘,froma first row of at least two fluid jet injectors which

it R

penet r at e Raifkiq apsociated pithesaidi st v ofifiwid dets | flowest inna stireotion rsobstartizdly
row of 11 oPBoyiE e The ltfeonrs) RS oL euoRmstEm of at | oast two rluid jet
| ot bl nd posite L iRy, 48, REEHER ehsly DR iswopeadr st My Fo1d ek |
o e b S i LA e b o e
subst ant i ghidyfriat ffsdis9eRAAGE Mt By SkitlerhhdicS ViscdRY, ?1{1, fahHi\ghérg'ltnsdmmg said
impinging step, a Reynolds number associated with each of said fluid jets, defined as the
ratio V*D/nu, ranges from about 50 to about 30,000,
20. The method of claim 18, further comprising the step of impinging at least a second
row of at least two fluid jets upon said substrate, emanating from a second row of at
least two, spaced-apart fluid jet injectors, said second row of fluid jet injectors being
aligned transversely to said axis and penetrating said surface, and therefore said second
row of fluid jets is aligned transversely to said axis, said second row of fluid jet injectors
being positioned between said first row of fluid jet injectors and said exit edge and the
areas of impingement of said second row of fluid jets upon said substrate being between
the areas of impingement of said first row of fluid jets upon said substrate and said exit
edge.
21. A method of treating a substrate with a fluid, comprising the steps of:
transporting a substrate between first and second spaced-apart surfaces, of finite
dimensions, defining a channel therebetween having an entrance, an exit and an axis
extending from said entrance to said exit, said transporting step occurring along a
direction substantially parallel to said axis, from said entrance to said exit; and
| impinging at least a first row of at least two fluid jets upon a lower surface of said
substrate, said first row of fluid jets emanating from a first row of at least two fluid jet
injectors which penetrate said first surface, and impinging at least a second row of at
least two fluid jets upon an upper surface of said substrate, said second row of fluid jets
emanating from a second row of at least two fluid jet injectors which penetrate said
second surface, said second row of fluid jets béing positioned relative to said first row of

fluid jets so that if said second row of fluid jets were to be projected onto said first
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22. The nethod of claim 21, wherein each of said first rowof fiuidjet——

injectors is characterized by a first dianeter, D1, and i
second row of fluid jet injectors is characterized by aiwﬂ :ﬂﬂ li@ yﬂm
D2, and wherein said step of transportipg said substrate' *
channel occurs at a first distance, Hl, fromsaid surface and at a second
di st ance, suafacef gajchseennd rowc offluikljefsareyld dadubdtentiaily interdigisitéd with/sid fisshges
fromabout 0.2 to about 15 and the ratio H2/D2 ranges fromabout 0.2 to
about 15. 0% of fluibietat hod of claim 22, wherein each of said first row of

F1 Ui d | ot 2 66 dnehod RE ity 41, Suertn S0k i Tebctp or dhid et isciars s of
duri ng SeTBTRHAAG ek Brd duamitier 154 SRt of id Sand Yo ot huid ebndeciers s
o et e I S IR, 59 ARl of R o
SR SIS AN et o 5, { B QRBREELAS | A5, Bl ol AT,
sai d secogdohd distince! HZ! fréinSsdi® sebHdRGdrick 2 86l Whefeik | thE TRfid HHIM/DICRRIEY -
from about 0.2 to about 15 and the ratio H2/D2 ranges from about 0.2 to about 15.
23. The method of claim 22, wherein each of said first row of fluid jets is
characterized by a fluid speed, V1, at said first row of fluid jet injectors, the fluid
associated with each of said first row of fluid jets is characterized by a kinematic
viscosity, nul, and wherein during said impinging step, each of said first row of fluid
jets is characterized by a Reynolds number, defined as the ratio V1*D1/nul, which
ranges from about 50 to about 30,000.
24. The method of claim 23, wherein each of said second row of fluid jets is
characterized by a fluid speed, V2, at said second row of fluid jet injectors, the fluid
associated with said second row of fluid jets is characterized by a kinematic viscosity,
nu2, and wherein during said impinging step, each of said second row of fluid jets is
characterized by a Reynolds number, defined as the ratio V2*D2/nu2, which ranges
from about 50 to about 30,000.
25. A method of treating a substrate with a fluid, comprising the steps of:
transporting said substrate over a surface, of finite dimensjons, including an
entrance edge and an exit edge and characterized by a transport axis extending from said
entrance edge to said exit edge and a coordinate system including an x-axis which is
parallel to said transport axis, a y-axis which lies in a least-squares-fit planar

approximation to said surface and is perpendicular to said x-axis, and a z-axis which is

perpendicular to both said x-axis and said y-axis, said transporting step being carried out
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nu2, and wherein during said inpinging step, each of sa@eeend_mw of
fluid jets is ch ' eynol ds nunber, defi a§HEHTeirf,n§':§gE\99,[
V2* D2/ nu2, which ﬂmmﬂnﬂm Eﬂm 50 to about 30,000.‘\{2_5\.5?@?[%;_:@0 0 j

treating a substrat®e with a"fluid, conprysing the steps of i " —ren |
transporting said substrate over a surface, of finite dinensions, including
an entrariter disgancanfomnsaid isurfack eframdsaih amtraheer edgedtdyaid xinBEFNT dlofX ias
extending fromsaid entrance edge to said exit edge and a coordinate

syst em i nclitpetipn vauch is substanijllyiparallel tomsaid transport axis;@ndr ansport axis, a
y-axis which lies i.n gﬁ&east-s uares-fit planar _approximtion to said

surface and i ST ﬁ"ftzi’rﬁ‘fsgr%"‘éio S leastitwo thid jeis. andha spcomd eaw jof at least
per ﬁg“ggf e ndif 88! bt las Jidithit, SR8 3 o of Hiad jei ae}n%nﬁénagn 3:_%@ g rowar o
e R R AT A R e
and second row of fluid jets emanating from a second row of at least two, spaced-apart fluid
jet injectors which penetrate said surface, at least each of said second row of fluid jets
being inclined toward said entrance edge and forming an angle with said z-axis, as
measured in the counterclockwise direction in a plane defined by said z-axis and said x-
axis, which is greater than O degrees but less than 90 degrees, whereby after said
impinging step, more than half the fluid associated with said first row of fluid jets flows
in a direction substantially opposite to the direction of transport of said substrate.
26. The method of claim 25; wherein each of said second row of fluid jets is inclined
toward said y-axis, with cach such fluid jet forming an angle with said z-axis, as
measured in the clockwise direction in a plane defined by said z-axis and said y-axis,
which is greater than O degrees but less than 90 degrees.
27. The metbod of claim 25, wherein each of said first row of fluid jets impinges upon
said substrate at an x-location which is closer to said entrance edge than to said exit
edge.
28. Fluid treatment apparatus, comprising:
at least a first surface, of finite dimensions, including an entrance edge and an exit
edge and characterized by an axis extending from said entrénce edge to said exit edge;
and " |
means for transporting a substrate over said surface data distance, H, from said
surface, from said entrance edge to said exit edge along a direction which is sustantially
parallel to said axis, Characterized In That
said apparatus further comprises at leasf a first row of at least two spaced-apart

fluid jet injectors, which first row is aligned transversely to said axis and which at least
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inpinging at least a first rowof at least two fluid jets, ""éih'd"a "second-—+ow
of at least two fluid jets, upon said substrate, said f f fluid
jets emanating froma first row of at |east two, space "ﬂﬂ' gll
i njectors which penetrate said surface agd said second r*ow«:
emanating froma second row of at |east two, spaced-apart flui d ] et
i nj ect or stwifinid jee rigjectate partites suid sorfaceqta deatesito-eantér sfachygi ibtweernpaid rapw of

fluid jets being inclined toward said entrance edge and form ng an angl e
wi t h sai dleastamiostluiddet injeatons being denoted bm@mp@qlmfdaid/ﬂmé jetiinjgetoromcluding pl ane
defined b sald Z- aX|s and said x-,  axis, ch is greater than O degrees
but | ess %18 gtiarpeigh Boand Igpgthelpy With the ratig; Id’ D rangingdireny abput0. 5rf§r&§’°’@hé@|

hal f the SOC] dWIth said first owof flu in.a

G v ect 1 onaasiEnaRe Fiia Y/EDetag drdtidnam b by fedt n or gl 14 20 Mw freigsaid

f Mo | ectt %eésq itw?*ﬁﬂé“iﬂt”ﬁ%t%bd&g?% 1P rdud e*’*&ﬁt?ﬂ%ﬁ@ﬁ*’%&tﬁfﬁ} Bt e e’ ©"
o o pF aniogg: odh bila Sabdrae, Phth of a %ﬁ*flémﬁﬁeﬁ%&@%r ea‘?éé@e?%;ﬁ”o
degr ees byt 4 qaRl MNP nBBBEC U td Tuid e AR AR Ris 64iRg BriRctelHBl Bya 2Ch

of said fifst row of jefs i nmpinges upon
kinematic viscosity, mu, and wherein a Reynolds number associated with each of said

fluid jets, defined as the ratio V*D/nu, ranges from about 50 to about 30,000.
29. The fluid treatment apparatus of claim 28, wherein the ratio H/D ranges from
about 0.2 to about 15.
30. The fluid treatment apparatus of claim 28, wherein D ranges from about 5 mils to
about 250 mils.
31. A method for treating a substrate with a fluid, comprising the steps of:

transporting said substrate over a surface, of finite dimensions, including an
entrance edge and an exit edge and characterized by an axis extending from said entrance
edge to said exit edge, said transporting being carried out at a distance, H, from said
surface, from said entrance edge to said exit edge, along a direction which is
substantially parallel to said axis; and

impinging at least a first row of at least two fluid jets upon said substrate,
emanating from a first row of at least two, spaced-apart fluid jet injectors characterized
by a center-to-center spacing denoted by S, said first row of fluid jet injectors being
aligned tranversely to said axis and penetrating said surface, and therefore said first row
of fluid jets is aligned transversely to said axis, each of said fluid jet injectors including a
drilled hole of diameter D and length L, with the ratio L/D ranging from about 0.5 to
about 40 and with the ratio S/D being greater than 1 but less than or equal to 20, and
wherein each of said fluid jets is characteriied by a fluid speed, V, at said fluid jet

injectors and the fluid of said fluid jets is characterized by a kinematic viscosity nu, and
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said substrate at an x-location which is closer to said entrance edge Than

to said exit edge. 28. Fluid treatnent apparatus, c | .sing. at
| east a first surface, of finite dinensions, includi r@!ﬁmaﬁﬂﬂuumlﬂée and
an exit edge and characterized by an axgs extending (o e

edge to said exit edge; and. means for transporting a substrate over
sai d sur f wherehi a Regnskiaimmbetassociaedswith eactuiof sdié fuid o, sdufhed rak rthe esticedge
to said exit edge along a direction which is sustantially parallel to said
axi s, ChaV#Pimu,iramgts|frorilabout 50 to absut 30,6@par at us further conprises at |east
a first row of at |east two spaced-apart fluid jet injectors, which first

row i s al 3%nefihe mgthodeafsdain 31 whareinghe satiodd/Dhvnges fom abgyt 0.2 to about 15.

28 two fluid jet injectors penetrate said surface, _a _center-to-center
spaci ng b#t-we g}gmpjdé{f claim 301, wherein D ranges from about 5 mils fo about 250 mils.
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| east two fluid jet injectors being denoted by S, each of said fluid jet
injectors including a hole of dianeter D and length L, with the ratio L/D
rangi ng fromabout 0.5 to about 40 and with the ratio S/ D being greater
than 1 but less than or equal to 20, and wherein said. at least two fluid
jet injectors serve to produce a first row of at least two fluid jets which
i npi nge upon said substrate, each of sag fluid jets being characterized by
a fluid speed, V, at said fluid jet injectors, and the fluid of said fluid
jets being characterized by a Kkinematic viscosity, nu, and wherein a
Reynol ds nunber associated wth each of said “fluid jets, defined as the
ratio V*D/ nu, ranges from about 50 to about 30,000. 29. The fluid

treat ment appar at us ?fL}ﬁIIDa Pﬁ?hm% [ Bﬂ?ﬁ)m& es from about
0.2 to about 15. 30. e 'Tr urd treat %ﬁ%ﬁ%@?a us of "¢lalm 28, wherein D
ranges fromabout 5 mls to about 250 mls. 31. A nethod for treating a
substrate with a fluid, conprising the steps of: transporting said
substrate over a surface, of finite dinensions, including an entrance edge
and an exit edge and characterized by an axis extending fromsaid entrance

ABSTRACT

A new apparatus for treating substrates with fluids, as well as a corresponding fluid
treatment method is disclosed. The new apparatus includes a new configuration of fluid jet
injectors which substantially overcomes the problem of dragout, in which fluid impinged
upon an area of a substrate (100) is retained on that area, preventing fresh fluid from
reaching the impinged area. This new configuration also avoids imposing torques on
substrates, and substantially reduces the need for rollers afnd guides for transporting
substrates (100).

FIG. 1
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. v Reoiqg-a xpos
edge to.said exit edge, said transporting being carried out at a distance,
H fromshid surface, fromsaid entrance edge to said exit edge, along a
direction which is substantially paral ¥ to said axis: and
impinging at least a first row of at least two fluid jets upon said

substrat e gy & -%kis%dfsra%%xgiy witicH RV6redtePthah rdedGut ?&93@%{)?(2 gé%rggés“i d

jet injectdrs characteri a center-to-center spacl ng

said fir stheeabsyoéﬂefrlsuiddimgﬂﬁgih sR! fiose AL the fdieRsddiALY Midahid fi{]:%t f%eladvdd
ul

axi s and penetrating said surface, and therefore said first row o

jets is alof giatljety fAowy &1 & dirgction sibstntialySoppesiehtocthe @irectionl ofi tehnsport o s4idt or s
including a drilled hole of diameter D and length L, with the ratio L/D
rangi ng frsobstebout 0.5 to about 40 and with the ratio S/ D being greater
than 1 but less than or equal to 20, and wherein each of said fluid jets
i s charact er i Zegordingita still petanether aspectiof thaipresentiinvention thérajie pravidedaftuidt he
F o tment ‘Appatatis, comprising. 4t 1east a first surtace, of Anite dimensions, icluding
an entrance edge and an exit edge and characterized by an axis extending from said
entrance edge to said exit edge; and means for transporting a substrate over said surface
at a distance, H, from said silrfaiéé, from said entrance edge to said exit edge along a
direction which is sustantially parallel to said axis, Characterized In That said apparatus
further cdmprises at least a first row of at least two spaced-apart fluid jet injectors,
which first row is aligned. transversely to said axis and which at least two fluid jet
injectors penetrate said surface, a center-to-center spacing between said at least two fluid
jet injectors beiiig denoted by S, each of said fluid jet injectors including a hole of
diameter D and length L, with the ratio L/D ranging from about 0.5 to about 40 and
with the ratio S/D being greater than 1 but less than or equal to 20, and wherein said at
least two fluid jet injectors serve to produce a first row of at least two fluid jets which
impinge upon said substrate, each of said fluid jets being characterized by a fluid speed,
V, at said fluid jet injectors, and the fluid of said fluid jets being characterized by a
kinematic viscosity, mu, and wherein a Reynolds number associated with each of said
fluid jets, defined as the ratio V*D/nu, ranges from about 50 to about 30,000.

According to yet another aspect of the present invention there is provided a method
for treating a substrate with a fluid, comprising the steps of: transporting said substrate
over a surface, of finite dimensions, including an entrance edge and an exit edge and
characterized by an axis eXtending. from said entrance edge to said exit edge, said
transporting being carried out at a distance, H, from said surface, from said entrance

edge to said exit edge, along a direction which is substantially parallel to said axis; and

impinging at least a first row of at least two fluid jets upon said substrate, emapating
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29 wherein a Reynol ds nunber associated with each of sai d fI ui d Jets

definéd'a® the ratio V*D/nu, ranges from about 50 t ’WHMMIH ”,H?H'" 32.

The net hod of claim 31, wherein the ratio H D ranges
33. The nethod of claim 31, v#werein D ranges From Bbolit B mils
to about 250 nils.

about 15.

at a distance from said surface, from said entrance edge to said exit edge, along a
direction which is substantially parallel to said transport éiis; and
impinging at least a first row of at least two fluid jets, and a second row of at least

two fluid jets, upon said substrate, said first row of fluid jets emanating from a first row

* of at least two, spaced-apart fluid jet injectors which penetrate said surface and said

second row of fluid jets emanating from a second row of at least two, spaced-apart fluid
jet injectors which penetrate said surface, at least each of said second row of fluid jets
being inclined toward said entrance edge and forming an angle with said z-axis, as
measured in the counterclockwise direction in a plane deﬂned by said z-axis and said x-
axis, which is greater than O degrees but less than 90 degrees, whereby after said
impinging step, more than haif the fluid associated with said first row of fluid jets flows
in a direction substantially opposite to the direction of transport of said substrate.
26. The method of claim 25, wherein each of said second row of fluid jets is inclined
toward said y-axis, with each such fluid jet forming an angle withf said z-axis, as
measured in the clockwise direction in a plane defined by said z-axis and said y-axis,
which is greater than (' degrees but less than 90 degrees.
27. The method of claim 25, wherein each of said first row of fluid jets impinges upon
said substrate at an x-location which is closer to said entrance edge than to said exit
edge.
28. Fluid treatment apparatus, comprising:

at least a first surface, of finite dimensions, including an entrance edge and an exit
edge and characterized by an axis extending from said entrance edge to said exit edge;
and

means for transporting a substrate over said sﬁrface at a distance, H, from said
surface, from said entrance edge to said exit edge along a direction which is sustantially
parallel to said axis, Characterized In That

said apparatus further comprises at least a first row of at least two spaced-apart

fluid jet injectors, which first row is aligned transversely to said axis and which at least
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