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(57) Abrégée/Abstract:
The Invention relates to a device (1, 1') for treating the surfaces of silicon wafers (2), comprising transport rollers (3) for transporting

the silicon wafers (2) on a transport plane (5) which Is determined by the transport rollers (3), and at least one conveyor device (3a)
which wets the silicon wafer (2) with an agueous process medium (10). The conveyor device (3a) Is arranged In such a manner
below the transport plane (5) that it touches the transport plane for wetting the substrate surface, which is oriented in the downward

direction, with a process medium (10). Said conveyor device Is In direct contact with the substrate surface.

R N
TN el N

R n\'{\‘ . L~
SN T 7 7
A, NN ‘; I

4 , | W
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 4 T
LT
OPIC - CIPO 191 SR RISSSNT




CA 02632912 2008-06-10

ABSTRACT

The invention relates to a device (1, 1') for treating the surfaces of silicon wafers (2), com-
prising transport rollers (3) for transporting the silicon wafers (2) on a transport plane (5)
which is determined by the transport roliers (3), and at least one conveyor device (3a)
which wets the silicon wafer (2) with an aqueous process medium (10). The conveyor de-
vice (3a) is arranged in such a manner below the transport plane (5) that it touches the
transport pléne for wetting the substrate surface, which is oriented in the downward direc-
tion, with a process medium (10). Said conveyor device Is in direct contact with the sub-

sirate surface.
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DESCRIPTION

DEVICE, SYSTEM AND METHOD FOR THE
SURFACE TREATMENT OF SUBSTRATES

FIELD OF APPLICATION AND PRIOR ART

[001] The invention relates to a device and to a system with such devices for the
surface treatment of substrates, with transport means for transporting a substrate
in a transport plane defined by the transport means and with at least one convey-
ing means constructed for the wetting of the substrate with a liquid process me-
dium. The invention also relates to a method for wetting a downwardly directed

substrate surface with a process medium, advantageously in direct or mechanical

contact.

[002] DE 102 25 848 A1 discloses a device used for the removal of a coating

from a top surface of a flat substrate. A solvent is then sprayed by nozzles in-

clined from above onto the substrates. The substrates are located on transport .
shafts and are transported by the latter. At least a lateral end of the substrates
projects above the transport shafts, so that the solvent flowing off the substrate
and which contains the detached coating constituents as a result of the projecting
length of the substrates flows past the transport means. This is intended to pre-
vent a contamination of the transport means. The coating removal using the sol-
vent serves to remove photoactive coatings prior to an etching process to ensure
that only exposed and developed surface areas of the substrates are provided
with a protective coating effective for the etching process. Thus, the coatings
have already been structured as a result of the exposure and development of the

photoactive coatings.

[003] In other surface treatment processes, particularly for coating removal and
which are carried out on substrates, e.g. on silicon disks or plates, Known as wa-
fers and used more specifically for the production of semlconductor components

and solar cells, there can be a wetting of individual substrate surfaces with the
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process medium. Wetting is to take place in such a way that the remaining sub-
strate surfaces which are not to have a protective coating in the aforementioned
sense or some other coating, are not attacked by the process medium to be ap-
plied, so that a coating removal only takes place on the substrate surface wetted

with the process medium. This is not ensured when using the known device.

PROBLEM AND SOLUTION

[004] The problem of the invention is to provide a device, a system and a method

permitting a selective surface treatment of substrates.

[005] According to a first aspect of the invention this problem is solved by a de-
vice having the features of claim 1, in which the conveying means are positioned
below the transport plane in such a way that it contacts or extends at least virtually
to the transport plane in order to permit a wetting of the downwardly directed sub-
strate surface with process medium in direct contact between the conveying
means and the substrate surface. Advantageous and preferred developments of
the invention form the subject matter of the further claims and are explained in
greater detail hereinafter. The device, system and method are in part jointly ex-
plained and these explanations and the corresponding features apply both to the
device and the method. By express reference the wording of the claims is made

INnto part of the content of the description.

[006] The downwardly directed substrate surface is substantially planar and is
oriented in such a way that a surface normal on said substrate surface runs at
least substantially perpendicular in the vertical downwards direction. The down-
wardly directed substrate surface is located in the transport plane defined by the
transport means and constitutes the surface to be wetted with process medium.
Further downwardly directed‘sub\strate surfaces not located in the transport plane

are not to be wetted with the process medium.

[007] The transport plane is the particular plane in which a substrate to be tfans—

ported contacts the transport means and is substantially horizontally oriented or

assumes an acute angle to the horizontal. As a function of the arrangement of the
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transport means, the transport plane can be a curved transport surface and then

there is an at least substantially horizontal orientation of transport surface por-

tions.

[008] To ensure a selective wetting of the downwardly directed substrate surface

with the process medium, there is a direct contact between the conveyor and the

- downwardly directed substrate surface. Thus, a liquid film of the process medium

adhering to an outer surface of the conveyor is transferred to the downwardly di-
rected substrate surface to be wetted without there being an undesired or uncon-
trollable spreading of liquid, gaseous or spray-like process medium. Instead the
liquid film is rolled or stripped on the substrate surface, so that there is only a very
limited spreading of the process medium. As a result substrate surfaces on which

no wetting takes place are not undesirably subject to process medium application.

- This ensures a high selectivity of the wetting process and the working process

brought about by the process medium.

[009] In a deVelopment of the invention with the conveying means is associated a
supply device for supplying process medium to an outer surface of the conveying
means. A supply device can be constructed as a spray nozzle, which e.g. sprays
through a spraying slit an area of the outer surface of the conveying means and
which as a result of a movement of the latter can be brought into mechanical con-
tact with the substrate surface. In a preferred embodiment of the invention the
supply device is in the form of a tank for receiving the liquid process medium and
the conveying means can periodically and preferably continuously, especially
zonally be moved below a liquid level of the process medium, so that the latter
can be transferred to the outer surface of the conveying means from where there

s a transfer to the downwardly directed substrate surface.

[010] In a further development of the invention the'conveying means has a po-
rous outer surface, which is in particular constructed for the transport of process
medium from at least one delivery point provided in the conveying means to the
outer surface of the latter, preferably by the introduction of pressurized process
medium into the conveying means. A porous surface, which can e.g. be imple-

mented as a coating of the -conveyir.xg means with an open-pored, foamed or ex-
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panded plastic matrix or as a sintered coating formed by the pressure sintering of
metal particles, reliably ensures the transfer of a process medium adhering to the
surface of the conveying meahs. The process medium can be held in pores of the
porous outer surface of the conveying means by surface tension and is trans-
ferred by the mechanical contact between the outer surface of the conveying
means and the substrate surface in an at least partial manner to said substrate
surface. The pores also constitute a reservoir for the process medium, so that a
caplllary ;;ap occurring between the conveying means and the substrate surface

ensures an advantageous distribution of the process medium.

[011] In the case of a foamed, open-pores coating in the manner of an in particu-
lar elastically deformable foam, an influencing of the pore size and pore distribu-
tion is possible through the choice of appropriate polymer materials. With a sin-
tered coating the pore size can be defined by the selection of a suitable size of

metal particles used for the sintering process.

[012] In a preferred embodiment of the invention process medium is supplied
through a delivery point in the conveying means to the porous outer surface ap-
plied to the same. Such a precess medium supply can in particular take place
with supply channels located in the conveying means and with pressurized proc-
ess medium introduced into the supply channels. The supply channels are so lo-
cated in the conveying means that they terminate in the vicinity of the porous
outer surface and consequently ensure a transport of the liquid process medium
to said outer surface. With such a process medium supply there is a possibility of
ensuring a particularly limited atomization of the process medium, because there
IS only a relative movement in the sense of a rolling or stripping movement be-
tween the outer surface and the substrate surface. However, a relative movement
between the cohveying means and a tank filled with the process medium or a
spraying process for the process medium is unnecessary. Thus, it is possible to
implement a particularl'y selective application of the procees medium to. the sub-

strate surface.

[013] According to another deveIOpment of the invention, the conveying means

has an outer surface with a plurality of through holes, which are preferably con-
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nected to supply channels for supplying with process medium from a delivery
point in the cOnveying means. The through holes can be introduced in a closed,
metal or plastic outer surface of the conveying means using conventional cutting
or material-removing methods, particularly laser drilling. The through holes are
linked with the supply channels permitting a supply of the outer surface with proc-
ess medium via a delivery point located in the conveying means. This particularly
brings about a targeted delivery of process medium to'the substrate surface. In
an émbodiment of the invention th'e suppfy channels are coupled with the delivery
point, e.g. a pfessure line for the process medium, in such a way that in each case
one or a few of the supply channels are simultaneously connected to the p'ressure
line, so that at a single point in time only one area of the outer surface of the con-
veying means is supplied with process medium. This ensures that process me-
dium is supplied via the through holes to only that area of the outer surface which

comes directly into contact with the substrate surface.

[014] In a further development of the invention the conveying. means IS con-
structed as a conveyor roller, which is arranged in such a way that it touches the
transport plane. A conveyor roller has a substantially cylindrical design and is
mounted in rotary manner on the device. A median IongitUdinal axis of the con-
veyor roller is oriented parallel to the transport plane and i‘s roughly spaced from
the transport plane by an amount corresponding to the conveyor roller radius.
Thus, the conveyor roller tangentially touches the transport plane and permits a
linear contact of the substrate surface. As a result of the rotary mounting of the
conveyor roller, it is possible for there to be a unidirectional identical surface
speed of the outer surface of the conveyor roller and the substrate surface in the
transport plane, so that it is possible to implement a substantially friction-free and
at least approximately slip-free wetting process through the rolling of the outer sur-
face on the substrate surface. This ensures a wetting p'rocess for the substrate
surface where only limited process medium atomization occurs. Through the de-
sign of the conveyor as a conveyor roller it is possible to apply the extremely thin
process liquid coating flat to the substrate surface, so that with very thin sub-
strates it is virtually impossible for there to be a passage of process medium to

other substrate surfaces which are not to be wetted.
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[015] According to a further development of the invention the conveyor roller is
proVided with circumferentially directed grooves. This in simple man'ner Imple-
ments a profiling of the outer surface of the conveyor roller and the circumferen-
tially directed grooves ensure an improved process medium adhesion. n the
case of the linear contact between conveyor roller and substrate surface the
grooves running orthogonally to the contact line ensure a flat supply with process
medium. A groove depth in the range 0.1 to 1 mm, preferably 0.2 to 0.8 mm can
be provided and said grooves can have a uniform depth or different groove

depths.

[016] According to a further development of the invention, the conveyor roller is
provided with axially directed grooves. This is of particular interest if the conveyor
roller is immersed into a tank partly filled with process medium and where the
process medium is conveyed out of the tank by a rotary movement. The axially
directed grooves ensure that the process medium during the rotary movement of
the conveyor roller cannot completely run off the outer surface of the latter,

thereby ensuring an adequate process medium supply.

(017] According to a further development, the conveyor roller is provided on an
outer surface with a plurality of depressions, particularly holes. The depressions,
which can be made by cutting or material-removing, particularly laser optical or
chemical processes in a solid outer surface of the conveyor roller, in much the
same way as the pores permit an advantageous process medium adhesion to the
outer surface and consequently ensure that the substrate surface is supplied with
process medium. The depressions can have a régular or irregular contour and
can range between a macroscopic size in the range 1/10 mm and a microscopic

size in the range of a few 1/1000 mm with regards to extension and depth.

[018] In a further development of the invention, the conveyor roller is so fitted to a
tank fillable with process medium that an outer surface of the conveyor roller can '
be wetted with proceSs medium by an in particular permanent immersion in said
medium. This ensures a particularly simple and reliable process medium supply to

the conveyor roller. The conveyor roller is so fitted to the process medium-filled

tank, that it at least touches a process medium level. Preferably the conveyor
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roller is immersed in the process medium and is given a rotary movement by a
drive mechanism or the substrate, so that there is a permanent circulation of the
conveyor roller in the proce‘ss medium and the conveyor roller is also permanently
wetted with the process mediufn. Through conveyor roller rotation circumferential
portions of the outer surface of the conveyor roller freshly wetted with process
medium come into contact with the substrate surface, so that there can be a con-

tinuous, flat or areal wetting of the substrate surface moved in the transport plane.

[019] In another development of the invention, the conveyor roller is Immersed at
least by one third of the diameter or up to a median longitudinal axis in the proc-
ess medium. This ensures a particularly advantageous wetting of the conveyor
roller outer surface. Thus, the conveyor roller only requires a rotation by an angle

of less than 90g@ in order to convey process medium from the tank to the down-

wardly directed substrate surface.

[020] According to a further development of the invention, the conveyor roller is
coupled to a drive mechanism for the transfer of a rotary movement and is con-
structed as a transport means for the substrate, preferably the sole transport
means. Apart from conveying process medium to the substrate surface, the con-
veyor roller is also used for a substrate transporting movement and therefore ful-
fils a double function. This permits a particularly simpie and compact design of

the surface treatment device.

[021] In another developmént of the invention, the conveyor rollers have a varying
diameter with at least two larger diameter areas and at least one smaller diameter
area. Preferably in each case on the sides of the conveyor rollers there are two
larger diameter areas with the other area between them. The larger diameter ar-
eas can prdject over'the smaller diameter area by approximately 1 to 10 mm,
preferably 2 to 5 mm. The larger diameter areas are advantageously significantly
narrower than the other area and can e.g. be at least 10 mm, preferably 12 to 30

mm wide.
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[022] As described, the larger diameter areas can be constructed for liquid trans-
fer to the underside of the substrates. A smaller diameter area can have a

smooth and/or closed surface.

[023] In a further development of the invention, several conveyor rollers are suc-
cessively located in the conveying direction. This ensures a reliable substrate sur-
face wetting, because all the successive conveyor rollers are immersed In the
procesé medium-filled tank and therefore there can be a multiple transfer of proc-

ess medium to the substrate surface.

[024] In a further development of the invention a process medium is provided,
which is in particular an aqueous solution with at least one of the substances hy-
drofluoric acid (HF), hydrochloric acid (HCI), nitric acid (HNO3) or potassium hy-.
droxide (NaOH). Thus, electrically conductive coatings typicélly applied in the
manufacture of semiconductor components or solar celis can be removed from
the substrate surface e.g. in order to prevent an electrical connection of active

substrate areas via the downwardly directed substrate surface.

[025] According to another development of the invention, at least one suction
means is provided for the sucking off of gaseous and/or mist-like distributed proc-
ess medium from the environment of the conveying means, the at least one suc-
tion means being poSitioned vertically below the transport plane. On wetting the
downwardly directed substrate surface, vaporized and/or atomized process me-

dium can occur in the vicinity of the conveyor and can be deposited in an unde-

“sired manner on other, noh.~d0wnwardly directed substrate surfaces. To prevent

damage to such possibly unprotected surfaces by the process medium, suction
meéns are provided which suck off the process medium in vapour and/or mist
form from the conveyor environment and thereby prevent deposition on other sub-
strate surfaces. The at least suction means is positioned below the transport
plane in order to be able to bring about a substantially vertically downwardly di-
rected air flow and in this way prevent an upward rise of vapoﬁr and/or mist-like

process medium above the transport plane.
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[026] Typical process media, such as aqueous solutions of hydrofluoric acid, nitric
acid, hydrochloric acid or potassium hydroxide form gases or mists, which are
heavier than air and which can rise above the transport plane as a result of the
relative movements between the transport means, conveying means and sub-
strates. The suction means is based on the use of a vacuum, which is preferably
chosen in such a way compared with a normal pressure in the conveyor environ-
ment that it is possible to build up a virtually turbulence-free, particular laminar

flow in the vertical downwards direction.

[027] According to a second aspect the problem of the invention is solved by a
system having the features of claims 17 or 18. According to the invention the sys-

tem has at least two above-described devices, the substrates being transferred

from the first device to the second device.

[028] On the one hand the first and second devices are so positioned that their
conveying directions are at 90g to one another. On transferring the substrates
from the first to the second device there is then automatically a change in the ori-

entation or rotation relative to the conveying direction.

[029] On the other hand, downstream of a first device a rotation station is pro-
vided, which takes over the substrates from the first device and transfers the
same to the second device, the rb,tation station rotating the substrates by 90g in
the transport plane and transfers the same in this rotated form to the second de-
vice. The two devices are then located in a line. According to the invention it is
also possible for the rotation angle of the rotation station and the enclosed angle
and the transportation directions of the devices to be such that following rotation

and transfer to the second device the substrates are turned by 90g thereon.

[030] The rotation station can be constructed for raising and rotating the sub-

strates and for this purpose has rotation devices. Several individual rotation de-

vices can be juxtaposed. ltis possible for adjacent rotation devices to be some-

what forwardly or rearwardly displaced in the transportation direction and are in
particular alternately arranged on two lines, which are perpendicular to the trans-

portation direction and are spaced, so that there is no substrate interference on
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rotation. The entire rotation process should take place as rapidly as possible, so

that there is a very rapid through transport of the substrates.

[031] According to a third aspect the problem of the invention Is solved by a ‘
method having the features of claim 21 for wetting a substrate surface with a
process medium and involving the following steps: transporting the substrate with
transport means in a transport plane, wetting a downwardly directed substrate sur-
face at least substantially located in the transport plane with a process medium,

which is applied to the substrate surface with a conveyor in direct, mechanical

contact.

[032] Preferably the transportation of the substrate takes place in a substantially
linear transportation direction in a transport plane defined by the transport means.
To this end the downwardly directed substrate surface is placed on an arrange-

ment of several successive transport means in the transportation direction. The

' transport means are at least partially coupled to a drive mechanism and are driven

by the latter, so that they can bring about a forward substrate movement. Wetting
of the downwardly directed substrate surface takes place directly through the
transport means in the form of conveyor rollers and which therefore also serve as
conveying means for the process medium. Additionally or alternatively wetting
can also take place by separate conveying means positioned between the trans-

port means below the transport plane.

[033] According to another development of the invention, a process medium
quantity to be applied to the substrate surface by the conveyor roller is set by
varying the immersion depth of the conveyor roller in the process medium and/or
by varying a conveyor roller rotation speed. A variation of the conveyor roller im-
mersion depth is brought about by varying the filling of the tank with process me-
dium, so that it is possible to set a spacing between the process medium level in
the tank and the transport plane. This spacing defines the rotation angle by which
the process medium has to be conveyed by theconveyor roller between the liquid

level and the substrate surface. With a maximum spacing between the liquid level

and transport plane, in which the conveyor roller touches both the transport plane

and the liquid level, there is a rotation angle of 180@ when the transport plane is
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horizontally oriented. On reducing the spacing between the liquid level and the
transport plane the liquid level acts like a secant to the cylindrical conveyor roller,
so that there is a reduction to the rotation -angle by which the process medium '
must be freely conveyed between the liquid level and the substrate surface.
When the conveyor roller is immersed by up to one third of the diameter in the
process medium, the rotation angle is e.g. 90g. The smaller to the rotation angle,
the larger the process medium quantity reaching the substrate surface for a con-

stant conveyor roller rotation speed.

[034] By varying the rotation speed it is also possible to influence the available
process medium quantity. Unlike in the case of the rotation angle, for the rotation
speed there is a range differing from zero at which a maximum process medium
quantity can be conveyed by the conveyor roller. For lower rotation speeds the
process medium flows away from the tank, whereas it is spun away for a higher
rotation speed. In a preferred embodiment of the invention a control or regulating
device is provided, which as a function of ‘the process medium and the substrates
to be treated permits a control or regulation of the rotation speed and/or the im-

mersion depth or liquidxlevel.

[035] In a further development of the invention, through a sucking off of process
medium In vapour and/or mist form before and/or during and/or after substrate
surface wetting with suction means positioned vertically below the transport plane,
It is possible to pre.vent process medium deposition on other substrate surfaces
over and beyond that which is located in the transport plane. Process medium in
vapour and/or mist form is sucked off by suction means, which are positioned ver-
tically below the transport plane and bring about a downward vertical air flow in
order to prevent process medium deposition on SUbstrate surfaces other than that

located in the transport plane.

[036] According to another development of the invention, there is a continuous

transportation of substrate and/or a continuous provision of process medium

through the conveyor for the wetting of the substrate surface and/or a continuous

~exhaustion of gaseous or mist-like process medium. Through a continuous trans-

portation of the substrates and/or provision of process medium for wetting the
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substrate surface and/or exhaustion it is possible to ensure a treatment process in
which there is only a minimal and preferably negligible and in particularly preferred

manner no deposition of process medium on substrate surfaces which are not to

be wetted.

[037] In another development of the invention process medium application to the
downwardly directed substrate surface can only také place in the marginal area of
the sﬁubstrates. Such a marginal area can be 5 to 15 mm. Advantageously the
process medium is applied to the sides of rectangular sUbstrates located to the left

and right in the transportation direction and for this purpose use can be made of

'the previously described conveyor rollers with larger diameter areas on the edge

and a smaller diameter area in the centre.

[038] The substrates can firstly be transported with a first orientation or alignment
and the edges of the downwardly directed substrate surface can be wetted with
Process medium. The substrates ,aré then rotated by 90 in the transport plane,
followed by further wetting of the edges of the downwardly directed substrate sur- '

face on the two other lateral faces. Thus, in each case the marginal areas are

wetted and etched.

[039] On the one hand the rotation of the substrates can take place outside the
devices with the process medium, e.qg. in the above—désoribed manner at a rota-
tion station between two devices. On the other hand the substrates can be trans-
ferred by one device to a further such device, the devices having transportation
directions at an angle of 90g to one another and the substrates are transported on

the devices with in each case different transportation directions.

[040] These and further features can be gathered from the claims, description
and drawings and the individual features, both Singly or in the form of subcombi-
nations, can be implemented in an embodiment of the invention and in other fields
and can represent advantageous, independently protectable constructions for
which protection is claimed here. The subdivision of the application into individual
sections and the subheadings in no way restrict the general validity of the state-

ments made thereunder.
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- BRIEF DESCRIPTION OF THE DRAWINGS

[041] Embodiments of the invention are described in greatef detall hereinafter

relative to the attached diagrammatic drawings, wherein show:

Fig. 1 A diagrammatic representation of a device for the surface treatment of

y—

substrates in a side view.

Fig. 2 A diagrammatic representation of the device according to fig. 1 in a part

sectional front view.

Fig. 3 A larger scale view of a conveyor rolier in the form of a transport roller in

the device according to figs. 1 and 2.

Fig. 4 A representation illustrating the setting up of the two devices according to
fig. 1 in a single line with a rotation station for the substrates between

them.

Fig. 5 A view similar to fig. 2 of two conveyor rollers according to a second as-

pect of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[042] A device 1 for the surfaee treatment of substrates 2 shown in figs. 1 and 2
has several transport means in the form of transport rollers 3, 3a. The transport
rollers 3, 3a are intended for a linear transporting of substrates 2 in particular
made from a silicon'material. The transport rollers 3, 3a define a transport plane 5
oriented in the horizontal direction and which touches at one surface transport

rollers 3, 3a. Transport rollers 3, 3a are mounted in rotary manner in device 1 and

~ are driven at least partly by a not shown drive mechanism with a preferably con-

stant, adjustable rotation speed.
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[043] Substrate 2 is typlcally a flat, planar silicon plate or wafer, which has a

round contour with a diameter of approximately 60 to 250 mm or a rectangular

' contour with edge lengths of 60 to 250 mm. The preferred substrate thickness is

0.1 to 2 mm. By means of a downwardly directed substrate surface 4, substrate 2
rests on transport rollers 3, 3a and is moved in a transportation direction 6 by the

equidirectional, identical speed rotation of transport rollers 3, 3a.

[044] The function of device 1 can e.g. be to remove an in particular electrically
conductive coating applied to all sides of substrate 2 on its downwardly directed
surface 4 in a wet chemical process using a liquid process medium without dam-

aging the coating applied to the remaining substrate surfaces.

[045] For this purpose substrate 2 with substrate surface 4 is placed on transport
rollers 3, 3a and moved through an intake port 7 into an almost completely closed
process chamber 8 which is only intimated in the drawings. The procéss chamber
8 contains a tank 9 completely filled with a I'iquid' process medium 10, particularly
with aqueous solutions of hydrofluoric acid (HF(aq)) and/or hydrochloric acia
(HCl(aq)) and/or nitric acid (HNO3(aq)) and/or potassium hydroxide (NaOH(aq)).
Tank 9 is spaced from a bottom 14 of process chamber 8, so that between the
tank 9 and bottom 14 a suction shaft 15 is formed ensuring suction on the mar-
ginal area of tank 9. As shown in greater detail in fig. 2, the suction shaft 15 ex-
tends beneath the entire tank 9 and consequently permits a sucking off of process

medium 10 in vapour and/or mist form and which passes out over the edge of tank

- 9 and which has not been subject to the action of suction means 11. The suction

shaft 15 is coupled to a spent air shaft 16 fitted laterally to the device 1 and which
is subject to a vacuum action. A medium line 13 supplies fresh process medium
to tank 9.

[046] To ensure wetting of the downwardly directed substrate surface 4, the
transport rollers 3a fulfil a double function, i.e. they not only serve as the transport
means for substrate 2, but also as a conveyor for process medium 10. For con-
veying process medium 10 from tank 9 into transport plane 5, the transport rollers
3a are fitted in tank 9 in such a way that they are partially immersed in process

medium 10 and a liquid level 23 is above the rotation axis 20 of the cylindrical
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conveyor rollers 3a. The transport rollers in the form of conveyor rollers 3a have a
wettable surface, so that they can convey the process medium 10 upwards and
with a limited coating thickness counter to the force of gravity into transport plane
5 and in a roiling process, i.e. in a direct, mechanical contact, can bring about a
transfer to substrate surfaces 4. As the process medium only rests with a limited
coating thickness on transport rollers 3a, even in the case of a limited thickness of
substrates 2 it is ensured that the process medium 10 does not reach an upwardly

directed substrate surface.

[047] To ensure that the upwardly directed substrate surface remains free from
process medium 10, suction means 11 are provided for the suction or exhaustion
of process medium in' gas and/or mist form and which can be present in the area
around the transport rollers 3a acting as conveying means. The process medium
10 has a vapour pressure, so that as a function of the surrounding atmospheric
conditio'ns, such as e.g. the ambient temperature and air pressure, the process
medium 10 evaporates to a greater or lesser extent and mixes with the ambient
air. In addition, as a result of the relative movement between transport rollers 3a
and process medium 10 and rolling processes of the conveyor means 3a on the
substrate surface 4, there can also be a detachment of very small process me-
dium droplets present as finely dispersed mist above the liquid level of process
medium 10. Admittedly a mixture of gas and/or mist form process medium 10 with
the ambient air is typically heavier thén the latter, but as a result of the relative
movements of conveyor means 3a and substrates 2 there is a whirling up of the
ambient air and which, without suction means 11, can bring about a rise of the

process medium in gas and/or mist form above transport plane 5.

[048] As a result the process medium 10 in gas and/or mist form can be depos-
ited on the upwardly directed surface of substrate 2. As this is undesired, suction
means 11 are provided and are fitted as vacuum-SuppIied pipes between the
transport rollers 3a and in each case have several suction openings 12 through
which the gas and/or mist form process medium 10 can be sucked off in an area
below transport plane § and can consequently not pass beyond said plane 5 onto
the upwardly directed substrate surface. Therefore the suction means 11 are ar-

ranged vertically below the trénsport plane 5 and bring about a substantially verti-
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cally directed air flow, which is preferably in low turbulence and more especially

laminar form.

[049] By means of a drainage pipe 18, the suction means 11 are connected to a

suction line 18, which is supplied with a vacuum by a not shown pumping device.

" For the individual setting of suction means 11, between the drainage pipe 17 and

suction line 18 a setting valve 19 is provided and is constructed as a throttle valve

and makes it possible to influence a volume flow exhausted by suction line 18.

[050] For a particularly compact arrangement of suction means 11 in device 1, a
median longitudinal axis 21 of the tubular suction means 11 is oriented parallel to
a rotation axis 20 of transport rollers 3a and suction means 11 is placed in a gap
defined by transport rollers 3a and transport surface 5, as well as in the down-
wards direction by the liquid level of process medium 10. Thus, despite a limited
spacing of transport rolle}s 3, itis possible to have a large cross-section for suc-
tion means 11. Thus, even in the case of high volume flows sucked through suc-
tion means 11, a low flow rate can be ensured in suction means 11. In addition,
there is also a large outer surface of suction means 11 in which can be made a
large number of suction openings 12, so that there is a low turbulence and in par-
ticular laminar air‘ flow in the vertical downwards direction, so as to ensure a reli-

able suction of gaseous or mist-like distributed process medium 10.

[061] According to fig. 3, which is a diagrammatic detail enlargement of the con-
veyor rollers 3a constructed as transport rollers shown in figs. 1 and 2, process
medium 10 is conveyed from tank 9 over and beyond liquid level 23 as a resulit of
the rotation of transport roller 3a in the direction of the downwardly directed sub-
strate surface 4 and in direct mechanical contact wets with. process medium 10
substrate surface 4. Conveyor roller 3a partially immersed in process medium 10

Is completely surrounded by the latter in an immersed portion and is consequently

- wetted. Through the rotation of conveyor roller 3a a thin process medium film 24

can be entrained by conveyor roller 3a in rotation direction 27. Through the de-
sign of the outer surface of conveyor roller 3a and in particular through a suitable

material choice and an optionally provided structuring, i.e. by pores, grooves or

depressions, a thickness of the process medium film 24 can be defined which can
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be entrained when the conveyor roller portion passes out of the process medium
10 and which is at least partially transferred to substrate surface 4. The thickness
of process medium film 24 is also dependent on the immersion depth in the proc-
ess medium 10 and a free rotation angle 29 defined by the same and the rotation
speed of covnveyor roller 3a, which also determines ihe transportation speed of
substrate 2 in transportation direction 28. At a linear contact point extending in
the drawing plane the process medium 10 is transferred to the downwardly di-
rected substrate surface 4 and at the contact point 26 as a result of the weight of
substrate 2 and the characteristics of substrate surface 4 and process medium 10,
particularly the Wettability of substrate surface 4 and thé surface tension of proc-
ess medium 10, there is an at least almost completely liquid-filed capillary gap 25,
which is responsible for a uniform distribution of process medium 10 on substrate
surface 4. Due to the direct mechanical transfer of process medium 10 to sub-
strate surface 4, it is possibie to ensure an advantageous, low-mist and low-
vapour wetting of substrate surface 4, which ensures a selective surface treatment

of substrate 2.

[0562] Fig. 4 shows the structure of a system 35 with two devices 1 according to
fig. 1. Devices 1 are in a line and have a significant mutual spacing, a rotation
station 37 being formed between them. The transportation path for the substrates
2 between the two devices 1 has further transport rollers 3, which transport on the
substrates 2 at the same height and in the same direction. Rotation station 37
has several rotation devices 38, which are constructed for raising the substrates.
The substrates are raised from transport rollers 3, rotated by 902 and then depds-
ited again on transport rollers 3 for further transportation from the left-hand device
1 to the right-hand device 1. Raising advantageously takes place with air pres-
sure and simultaneously the substrates 2 can be firmly sucked by their undersides
onto the rotation devices 38. Such rotation devices are known per se, both with
respect to the raiSing and with respect to the rotation, so that no further explana-

tions are needed here. It is pointed out regarding rotation station 37 that the rota-

tion devices 38 are so positioned transversely to the left to right transportation di-

rection; that several substrates 2 transported in juxtaposed paths can in each

case be rotated by a rotation device 38. To ensure that substrates 2 or rotation
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stations 38 do not lead to mutual intekference, the adjacent rotation stations are In

each case forwardly and réarwardly mutually displaced.

- {053] Fig. 5 shows an alternative construction of a device 1' similar to that of fig. 2

and on a larger scale. On a rotation axis 20 rotation takes place of conveyor roli-
ers 3a' and they are immersed roughly half in the process medium 10. At the
ends the conveyor rollers 3a' have thickened marginal areas 40' with somewhat
thinner centfal areas 41' between them. With respect to the marginal areas 40',
conveyor rollers 3a' are so constructed that in each case the substrates 2 rest on
the marginal area 40" and are substantially free in the central area. Thus, not
completely planar substrates 2, which are slightly uneven or corrugated e.g. due
to the manufacturing or working process, are wetted with process medium' 10 ac-
companied by a permanent, good engagement on conveyor rollers 3a' or marginal
areas 40'. As described hereinbefore, precisely at the outer areas or edges of the
substrates maximum importance is attached to the etching and therefore also the
wetting with process medium 10. If the substrates 2 were e.g. bent downwards in
the centre, at least in one marginal area there would be no contact with the con-
veyor rolier and consequently no etching process at this point. This is in fact
brought about by the so-to-speak wasp-waisted conveyor rollers 3a’ or their thin-

ner central areas 41°.

[054] Whilst with regards to their liquid absorption capacity or transportation ca-
pacity for the'liquid 10, the construction of the central areas 41' is unimportant, the
marginal areas 40' are advantageously constructed as described hereinbefore
with regards to the complete conveyor roller 3a and to this extent reference is
made thereto. The thickness or diameter difference between the marginal areas
40" and central areas 41' can be a few millimetres and can e.g. be 2 to 10% of the

diameter.

[058] As itis clear from fig. 5 that the substrates 2 are only etched in the lateral
outer areas in the transportation direction and the front and rear outer aréas are
unetched, there is no need for this to take place. The arrangement according to
fig. 4 with system 35 is very useful for this purpose, because there in the left-hand

device 1 one pair of facing, lateral outer areas or edges is etched. Through rota-
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tion station 37 with rotation devices 38 substrates 2 are rotated by 90a in the
transport plane and sef down again. The tranéport rollers 3 transport them to the
right-hand device 1 and there again the two remaining outer areas are etched.
Obviously the construction according to fig. 5 with the thinner conveyor rollers 3a'
in a central area 41' can be used with advantage not only'in the case of curVed or
domed substrates 2, but also with planar substrates. The individual case decides

how the best results can be obtained.

[056] In a further development it is possible for the marginal areas 40' not to be
fixed to conveyor rollers 3a' and can instead be displaced, so that there is an
overlap of e.g. 10 mm between substrate 2 and marginal area 40’ with the sup-
port. Thus, with marginal areas 40' constructed like rings or the like and displace-
able on conveyor rollers 3a' along rotation axis 20, different substrates 2 can be

treated or there can be an adaptation of the inventive system 1' to different sub-
strate widths.
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CLAIMS

1. Device (1) for the surface treatment of substrates (2), with transport means (3,
3a) for transporting a substrate (2) in a transport plane (5) defined by transport
means (3, 3a) and with at least one conveying means (3a), which is constructed
for a wetting of substrate (2) with a liquid process medium (10), characterized In
'tr—iat the conveying means (3a) is positioned below transport plane (5) in such a
way that it touches or at least extends close to transport plane (5) for wetting the
downwardly directed substrate surface (4) with process medium (10) in direct con-

tact between conveying means (3a) and substrate surface (4).

2. Device according to claim 1, characterized in that with the cOnveying means
(3a) is associated a supply device (9) for supplying process medium (10) to an

outer surface of conveying means (3a).

3. Device ac’co’rding.to claim 1 or 2, characterized in that conveying means (3a)
has a porous outer surface, which is in particular constructed for transporting
process medium (10) from at least one delivery point provided in conveying
means (3a) to the outer surface of said conveying means (3a), preferably by intro-

ducing pressurized process medium into conveying means (3a).

4. Device according to claim 1 or 2, characterized in that conveying means (3a)
has an outer surface with a plurality of through holes, which are preferably con-
nected to supply channels for supplying process medium (10) to a delivery point .

located in conveying means (3a).

5. Devioe‘according to one of the preceding claims, characterized in that convey-
ing means (3a) is constructed as a conveyor roller po'sitioned In such a way that it

touches the transport plane (5).

6. Device according to claim 5, characterized in that the conveyor rolier (3a) is
provided with circumferentially directed grooves having a depth in the range 0.1 to

1 mm, preferably 0.2 to 0.8 mm.
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/. Device according to claim 5, characterized in that the conveyor roller (3a) is

provided with axially directed grooves having a depth in the range 0.1 to 1 mm,

preferably 0.2 to 0.8 mm.

8. Device according to one of the claims 5 to 7, characterized in that an outer sur-

face of conveyor roller (3a) is provided with a plurality of depressions, particularly

p—

holes.

9. Device according to one of the claims 5 to 8, characterized in that the conveyor
roller (3a) is fitted to a tank (9) fillable With process medium (10) in such a way
that an outer surface of conveyor roller (3a) is wettable with process medium (10)
by an in particular permanent immersion in said process medium (10) and pref-
erably the conveyor roller (3a) is immersed by at least up to a third of the diameter

INn process medium (10).

10. Device according to one of the claims 5 to 9 characterized in that the con-
veyor roller (3a) is coupled to a drive mechanism for the transmission of a rotary |
movement and is constructed as transport means (3, 3a) for the substrates, pref-

erably a single transport means (3, 3a).

11. Device according to one of the claims 5 to 10, characterized in that several

conveyor rollers (3a, 3a') are successively arranged in the transportation direction.

12. Device according to one of the claims 5 to 11, characterized in that the con-
veyor rollers (3a') have a varying diameter with at least two larger diameter areas
(40') projecting over at least one smaller diameter area (41') and preferably two
larger diameter areas (40') are in each case provided on the sides of conveyor

rollers (3a').

13. Device according to claim 12, characterized in that the large'r diameter areas
(40') project approximately 1 to 10 mm, preferably 2 to 5 mm, over the at least one

smaller diameter area (41').
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14. Device according to claim 12 or 13, characterized in that the larger diameter

areas (40') are at least 10 and preferably 12 to 30 mm wide.

15. Device according to one of the claims 12 to 14, characterized in that the larger
diameter areas (40') are constructed according to the features of claims 6 to 8 and

in particular at least one smaller diameter area (41') has a smooth and/or closed

surface.

—_—

16. Device according to one of the preceding claims, characterized in that there is
at least one suction means (11) for the suction of process medium (10) in gas
and/or mist distributed form from the environment of conveyor means (3a), the at

least one suction means (11) being positioned vertically below transport plane (5).

17. System (35) with at least two devices (1, 1") according to one of the preceding
claims, characterized in that a first device (1, 1') with a first transportation direction
is provided and this is followed by a second device (1, 1') with a second transpor-
tation direction, the substrates (2) passing from the first device to the second de-
vice, the first transportation direction being rotated by 90g relative to the second

transportation direction.

18. System (35) with at least two devices (1, 1*) according to one of the preceding
claims 1 to 16, characterized in that downstream of a device (1, 1) is provided a
rotation station (37), which takes over the substrates (2) from the first device and
transfers them to the second device, the substrates (2) being turned by 90g in

transport plane (5) on the second device when compared with the first device.

19. System (35) according to claim 18, characterized in that the rotation station
(37) rotates the substrates (2), particularly by 90g in transport plane (5), it being
constructed for raising and rotating substrates (2) or rotation devices (38) are pro-

vided for this purpose.

20. System according to claim 18 or 19, characterized in that in juxtaposed man-
ner the rotation station (37) has several individual rotation devices (38) and pref-

erably adjacent rotation devices (38) are in each case forwardly or rearwardly dis-
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placed in the transportation direction and in particular the rotation devices (38) are
alternately arranged on two lines, which run perpendicular to the transportation

direction and are spaced.

21. Method for wetting a substrate surface (4) of a substrate (2) with a process
medium (10) involving the steps:
- of transporting substrate (2) with transport means (3, 3a) in a
transport plane (5),
- of wetting a downwardly directed substrate surface (2) at least
substantially located in transport plane (5) with a process medium
(10), which is applied with a conveyor (3a) in direct mechanical

contact to the substrate surface (4).

22. Method according to claim 21, characterized in that a process medium qUan-
tity which can be applied by the conveyor roller to the substrate surface is set by
varying an immersion depth of the conveyor roller (3a) in process medium (10)

and/or by varying a conveyor roller rotation speed.

23. Method according to claim 21 or 22, characterized by a suction of process
medium (10) in vapour and/or mist form before and/or during and/or after wetting
the substrate surface (4) with suction means (11) arranged vertically below the
transport plane (5), in order to prevent a deposition of proceés medium (10) on

substrate surfaces other than the substrate surface (4) located in transport plane

(5).

24. Method according to one of the claims 21 to 23, characterized by a process
medium, which is more particularly in the form of an aqueous solution, with at
least one of the following substances: hydrofluoric acid (HF), hydrochloric acid
(HCI), nitric acid (HNO3) or potassium hydroxide (NaOH).

25. Method acCording to one of the claims 21 to 24, characterized in that there is a
continuous transportation of substrate (2) and/or a continuous provision of proc-
ess medium (2) through the conveyor for wetting the substrate surface (4) and/or

a continuous sucking off of process medium (10) in gas or mist form.
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26. Method according to one of the claims 21 1o 29, characterized in that the ap-
plication of process medium (10) to the downwardly directed substrate surface

takes place in the marginal area of substrates (2), preferably in a 5 to 15 mm mar-

ginal area.

27. Method according to claim 26, characterized in that the process medium (10)
is applied to the sides of rectangular substrates (2) located to the left and right in
the transportation direction and in particular using conveyor rollers (3a') according

to one of the claims 12 to 15.

28. Method according to claim 26 or 27, characterized in that the substrates (2)
are firstly transported with a first orientation or alignment and the wheels of the
downwardly directed substrate surface are wetted with process medium (10), fol-
lowed by a rotation of the substrates by 90¢ in the transport plane and then a fur-
ther wetting of the edges of the downwardly directed substrate surface on the two

remaining lateral faces.

29. Method according to claim 28, characterized in that the rotation of the sub-
strates (2) takes place outside devices (1, 1') with the process medium (10), par-
ticularly at a rotation Station (37) between the two devices (1, 1') with process me-
dium (10).

30. Method according to claim 26 or 27, characterized in that the substrates (2)
are transferred from a device (1, 1') according to one of the claims 1 to 16 to a fur-
ther such device (1, 1'), the devices (1, 1') having tranSportation directions at an
angle of 90@ to one another and the substrates (2) are transported on devices (1,

1') in in each case different transportation directions.
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