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The invention relates to a continuous drier for board-shaped piece material, especially for
in-layers or printed circuit boards, according to the preamble of patent claim 1. The
invention relates also to a coating installation comprising such a continuous drier,

according to the preamble of patent claim 10.

To produce the conductors on printed circuit boards or, in the case of multi-layered printed
circuit boards, on the so-called in-layers, the normally copper-clad epoxy resin glass fibre
fabrics are coated with a photoresist or with a similar photo-sensitive and developable

polymer layer. The desired structure of conductors is exposed on the dried coating, and

the coating is developed at the exposed (or, depending upon the type of photoresist, the
unexposed) places. In the etching process which follows, the copper is etched away at the
uncovered places, whereas the coated places are protected from the etching effect. When
the remainder of the coating has been dissolved away, the in-layer or printed circuit board

having the desired stnicture of conductors is obtained.

The coating and the drying of the in-layers or printed circuit boards are carried outin a
coating installation. The latter usually comprises a coating station, in which the in-layers
or printed circuit boards are coated on one or both sides with photoresist or the like, and at
least one drying station, in which the photoresist is dried and solvent (which may also be
water) that evaporates off in the process is transported away from the in-layer or printed

circuit board to the outgoing air.

In order to obtain the desired throughput, the in-layers or printed circuit boards have to be
dried in a relatively short time. For that purpose, the drying stations are usually in the

form of continuous driers in which the coated board-shaped piece material is dried during
its transport from an entry opening to an exit Openfng.' The coating is :'normally driedina

oy
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absolutely essential in the case of conventional infrared driers on safety grounds since,
without it, the solvent vapours which would not be evaporated out and off until the
infrared drier was reached could ignite upon contact with the hot surface of the infrared
radiators.

An important factor determining the duration of the drying of the coating is the
temperature inside the continuous drier. It cannot be set to an arbitrarily high level since
that would involve the risk of the solvent vapours’ igniting. When infrared driers are used,
there is the risk that the coating will form bubbles (boiiing bubbles), which severely
impairs the evenness and the quality of the coating and rhay resultin an in-layer or a
printed circuit board coated in that manner becoming unusable. There are, therefore,
limits to shortening the throughput times in conventional known continuous driers.

A further problem with known coating installations and, in particular, also with known
conventional driers is the release of solvent vapours into the surroundings. These are able
to leave through the entry openings and the exit openings of the individual stations, and
adversely affect the surroundings. Just as solvent vapours are released through the entry
and exit openings of the stations, however, so it is also possible in the case of known
coating installations for contaminants to enter the installation. Those contaminants may
settle on the coating and crucially impair the quality thereof. For example, particles in the
coating may act as scattering centres in the exposure step or may even mask individual
areas with the result that the specified structure of conductors is not completely imaged
onto the photoresist. In the processing steps which follow, the copper-clad layer is then
etched imperfectly and an unusable printed circuit board is produced.

It is therefore the problem of the present invention to remedy the above-described
shortcomings of the state of the art. A continuous drier is to be provided that permits a
rapid throughput, that is to say rapid drying, of the in-layers or printed circuit boards
without at the same time impairing the quality of the coating. The continuous drier is to
satisfy the requirements with regard to explosion protection, and ignition of the solvent
evaporated out and off during the drying process is to be avoided. In addition, with.the
drier, the undesirable release of solvent vapours into the surrouﬁdings is to be subétiintially
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the it possible to achieve relatively high clean-room qualities inside the installation, and
undesirable emissions to the outside are to be substantially prevented. The drier and the
coating installation are to be capable of being operated in an energy-saving manner. In
addition, both the continuous drier and the coating installation are to be compact in their
dimensions and inexpensive in design and in operation.

All of the above and still further problems are solved by a continuous drier according to
the second part of patent claim 1 and by a coating installation having the features specified
in the second part of patent claim 10. The dependent patent claims each relate to
especially preferred and advantageous embodiments.

In particular, the invention provides a continuous drier for board-shaped piece material, '
especially for coated in-layers or printed circuit boards, which comprises a drying
chamber, in which the board-shaped piece material to be dried is exposed to a guided air
stream while being transported along a transport path from an entrance to an exit of the
drying chamber by transport means acting preferably at its longitudinal edges. The drying
chamber is equipped with an inlet for incoming air and with an outlet for outgoing air.
Arranged above and below the transport path of the board-shaped piece material are
infrared radiators the radiation of which acts directly on the coated piece material and
which form, in addition, a heat source for the guided air stream. The air stream in the
drying chamber is guided counter to the transport direction of the board-shaped piece
material and substantially parallel to the transport plane. The coating installation
according to the invention is equipped with such a continuous drier.

An example embodiment of the invention is described in detail below with reference to
the schematic drawings and graphs, in which:

Fig. 1 shows a coating installation comprising a coating station and a continuous
drier,

Fig. 2 shows the air flow in the coating station shown in Fig. 1, and

Figs. 3a-c show an arrangement of 3 heating zones in the continuous drier (a), the

associated graph of the temperature of the infrared radiators in the heating
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An example embodiment of a coating installation according to the invention for board-
shaped piece material, especially for in-layers or printed circuit boards, is provided overall
with the reference numeral 1 in Figs. 1 and 2. It comprises a coating station 2, in which
the board-shaped piece material is coated with photoresist or the like, and a drying station
3, in which the coated piece material is dried. The drying station is, in particular, a
horizontal continuous drier having a drying chamber 4 through which the coated piece
material passes in a lying position along a substantially horizontal transport path P, in the
direction of transport D, from an entrance 5 to an exit 6. For transporting the coated piece
material the continuous drier 3 is equipped with transport means, not shown, of a kind
known per se. For example, the latter may be holding clamps that are mounted on
endlessly circulating transport chains or cables and that usually hold the coated board-
shaped piece material at its longitudinal edges. An inlet 7 for incoming air Z and an outlet
8 for outgoing air A allow the circulation of an air stream L in the drying chamber.
Arranged in the drying chamber 4, above and below the transport path P of the coated
board-shaped material are infrared radiators 9 which preferably extend paraliel to the
transport path P and transversely to the transport direction D. The number of infrared
radiators 9 above the transport path P corresponds to the number below the transport path.
In particular, each upper infrared radiator lies exactly opposite one lower infrared radiator.
The infrared radiators 9 are preferably arranged at uniform distances from one another
along the transport path P. The distance between two adjacent infrared radiators is
approximately from 70 mm to 130 mm, preferably approximately 100 mm. For reasons of
especially simple construction, the infrared radiators 9 are fitted to the upper and the lower
boundary walls of the drying chamber 4. The transport means (not shown) for the coated
piece material are arranged in such a manner that the transport path P of the board-shaped
material extends approximately centrally between the upper and the lower boundary walls
of the drying chamber 4. In that manner, the temperature profile in the drying chamber
can be controlled very well.

The inlet 7 for the incoming air Z is arranged in the vicinity of the exit 6 from the drying
chamber 4, whereas the outlet 8 for the outgoing air A is provided in the vicinity of the
entrance 5 to the drying chamber 4. The incoming air Z introduced via the inlet 7 flows in
the drying chamber 4 counter to the transport direction D of the coated board-shaped
material. In particular, the air stream L flows in the drying chamber 4 approximately
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circuit boagedidndabsd H Raving the infrared radiators 9. The last region is a cooling region K
which extends from the end of the heating region H to the exit 6 from the drying chamber
4. The function of those three regions can be deduced merely from their names. In the
pre-heating and mixing region V, the coated piece material entering via the entrance 5 is
pre-heated by the air stream L coming from the heating region H. In the heating region H,
the actual drying of the coating is effected, on the one hand by the direct effect of the
radiation of the infrared radiators 9 and, on the other, by the heated air stream L passing
over the coated surfaces. The air stream L is heated solely by the heat output of the
infrared radiators 9. On leaving the heating region, the dried board-shaped piece material
is cooled in the cooling region K by the incoming air introduced, which is usually
maintained at ambient temperature or, if regulated, at approximately 25°C, before it is
discharged through the exit 6 of the drying chamber 4.

stream
| so

In an especially advantageous embodiment, the heating region H of the drying chamber 4
is divided into further zones in which different temperatures may be set. For that purpose,
the infrared radiators 9 arranged above and below the transport path P are assembled into
groups. According to the illustration in Fig. 3a, three heating zones I, II, IIT are formed in
that manner. The infrared radiators 9 of the respective heating zones are operated at
different outputs, so that they have different surface temperatures Trg in the heating zones
I, I, I as indicated in the graph in Fig. 3b. The heating zone I having the lower surface
temperature Ty of the infrared radiators 9 is closest to the entrance S to the drying
chamber 4, whilst the heating zone III having the highest surface temperature Ty of the
infrared radiators 9 lies in the vicinity of the exit 6 and adjoins the cooling region K. In
the heating zone II lying between those heating zones I and III, the infrared radiators have
a surface temperature Tg lying between that of the first heating zone I and that of the last
heating zone III. When more than three heating zones are provided, the surface
temperature Ty of the infrared radiators 9 in each successive heating zone is always
greater than that in the preceding heating zone.
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In Fig. 3c, the temperature variation Ty, of the air stream L over the length 1 of the heating
region H is recorded in the form of a graph. It can clearly be seen that that variation is the
opposite of the variation of the surface temperature Ty of the infrared radiators 9 in the
individual zones I, II, II of the heating region H. The incoming air Z is introduced at
approximately 25°C. As it flows through the heating region H counter to the transport
direction D of the board-shaped piece material, it is heated by the infrared radiators 9.
First it meets the infrared radiators 9 having the highest surface temperature and is heated
by these very rapidly to the required set temperature of, for example, approximately from
110°C to 130°C. The air stream L retains that temperature until it leaves the heating
region H, since the surface temperature Ty of the infrared radiators 9 in the first heating
zone is greater than that set temperature and is, for example, from 180°C to 220°C.

The opposite temperature profiles of the surface temperatures Tig of the infrared radiators
9 and the temperature T of the air stream L over the length 1 of the heating region H
allow the wet-coated board-shaped piece material to be dried especially gently and, at the
same time, efficiently. As the board-shaped piece material passes through the drying
chamber it is pre-heated, optionally in the pre-heating and mixing chamber V first of all
or, if not, when it enters the first heating zone I. In that first heating zone I, the surface
temperature Ty of the infrared radiators 9 is relatively low, whereas the temperature Ty, of
the air stream L leaving the heating region H has its set temperature. In that first heating
zone I, a first pre-drying of the coating is effected essentially by the hot air L flowing over .
the surface of the board-shaped piece material. Bubble formation in the coating caused by
a high radiation output of the infrared radiators 9 is reliably avoided in that manner. In the
second heating zone II, drying is effected in an approximately equal proportion by the
direct radiation output of the infrared radiators 9, which may, for example, have a surface
temperature Tyg of approximately from 240°C to 260°C in that heating zone. Finally, in
the third heating zone III, final drying is effected virtually exclusively by the radiation
output of the infrared radiators 9. On the other hand, the incoming air Z, which is still
cold, serves to cool the board-shaped material. The third heating zone III is optionally
adjoined by the cooling zone K in which no infrared radiators are arranged and the
board-shaped piece material is merely exposed to the relatively cool incoming air Z.

The air flow L in the drying chamber 4 is essentially determined by how great is the
amount of incoming air Z supplied and how large is the volume of outgoing air A
removed. Preferably, the air outlet 8 is designed to extract a larger quantity of air than is
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effected by external transport means but, preferably, the transport means 11, 13 are
respectively provided for the incoming and outgoing air in the air inlet 7 and the air outlet
8 of the drying chamber 4. In order to ensure the constancy of the quantity of incoming air
Z introduced at the inlet 7 and of the quantity of outgoing air A extracted at the outlet 8,
flow rate regulators 12 and 14 for the air are respectively provided at the inlet 7 and the
outlet 8. In that manner, the flow ratios in the drying chamber 4 can be precisely regulated,
which is very advantageous to maintaining the preferably laminar air flow L.

In order to prevent contaminants, particles, etc. from also entering the drying chamber 4
with the incoming air Z, a clean-room filter 10 is preferably fitted in the inlet 7 for the
incoming air Z. The type of clean-room filter 10 depends upon the clean-room class to be
achieved in the drying chamber 4.

The coating installation 1 according to the invention for board-shaped piece material,
especially for in-layers or printed circuit boards, comprises a continuous drier 3 of the
kind described in which the coating is dried in a gentle manner and solvent present in the
coating is evaporated off and transported away. The coating station 2 of the coating
installation 1 comprises a coating cabin 20 having an entry opening 21 for the
board-shaped piece material to be coated. Provided on the opposite side of the coating
cabin 20 is an exit opening 22 which leads directly into the entrance 5 of the drying
chamber 4. Air F can be blown into the coating cabin 20 through an air inlet opening 23
preferably provided in the top cover region of the coating cabin 20.

Arranged inside the coating cabin 20 is a roller coating device 24. The latter comprises
one coating roller arranged above and one coating roller arranged below the transport path
P of the board-shaped piece material, between which the board-shaped piece material is
transported for coating with the photoresist or the like. In that form of coating, both
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The air F which is introduced via the air inlet opening 23 and which is usually maintained
at ambient temperature or at approximately 25°C passes through the exit opening 22 to the
outlet 8 of the drying chamber 4 for the outgoing air A of the drying chamber. In that
manner, the entire coating installation 1 has only one outlet 8 for the outgoing air charged
with solvent vapours, which air comes, on the one hand, from the drying station 3 and, on
the other hand, also from the coating station 2.

The extraction power at the outlet opening § is regulated in such a manner that the volume
of outgoing air A removed approximately corresponds to the air volumes of the air L.
passed through the drying chamber 4 and the air F blown into the coating cabin 20.

The mixing ratio of the air volumes of the hot air L originating from the drying chamber 4
and the cold air F from the coating cabin is selected to be such that the outgoing air A at
the common outlet 8 has a temperature of approximately only from 30°C to 70°C, whereas
the temperature of the drying air in the drying chamber 4 is still approximately from
110°C to0 130°C. Consequently, special measures to protect the extracted outgoing air A
charged with solvent vapours from spontaneous ignition can largely be dispensed with.

In order to keep also the coating cabin 20 free from contaminants, particles, etc., a
clean-room filter 25 can be provided in the air inlet opening 23. As already mentioned in
-connection with the clean-room filter 10 in the inlet for the incoming air to the drying
chamber, the type of clean-room filter chosen will depend upon the clean-room quality to
be achieved.

The clean-room quality can be improved still further by isolating the air in the coating
installation 1 from the surrounding air. For that purpose, the air is guided in the coating
installation in such a manner that there is a slight over-pressure in the coating cabin 20 in
the region of the entry opening 21 and in the drying chamber 4 in the region of the exit 6.
That slight over-pressure prevents the surrounding air from entering the coating
installation through the entry opening 21 and through the exit 6. The small quantities of
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both to improve the clean-room quality in the coating installation 1 and to keep the

surroundings of the coating installation 1 substantially free from solvent vapours.

The coating installation according to the invention and the continuous drier according to
the invention permit a very short throughput time of the wet-coated piece material to be
dried. For example, in-layers (copper-clad laminate) that have been coated with a
photoresist, comprising 50 % solids and methoxybutanol as solvent, in a wet film
thickness of 25 pm can be dried in less than 50 seconds. The length of the drying chamber
is in that case, for example, approximately from 1.6 m to 2.0 m, its width from approx-
imately 0.9 m to approximately 1.0 m and its height approximately from 0.30 m to 0.40 m.
The size of the entrance and the exit of the drying chamber is from approximately 0.92 m
to approximately 0.98 m in width with a height of from approximately 0.13 m to approx-
imately 0.18 m. The distance of the infrared radiators from the substrate is approximately
from 0.12 m to 0.17 m. The infrared radiators used are, for example, STM twin-tube
radiators produced by Heraeus Noblelight, which, at an oﬁtput of 1200 watts, have a
radiation density of approximately 12 kW/m2. The surface temperatures of the infrared
radiators are, for example, approximately 200°C in the first heating zone, approximately
250°C in the second, and just below 300°C in the third heating zone. The incoming air
introduced into the drying chamber and into the coating cabin has, for example, a tempera-
ture of approximately 25°C. The amount of air at the inlet to the drying chamber is
regulated to from approximately 200 m3h to approximately 800 m3/h, preferably approx-
imately 500 m3/h. The amount of outgoing air at the outlet is regulated to from approx-
imately 1500 m3/h to approximately 3000 m3/h, preferably approximately 2000 m3/h. In
that manher, an outgoing air temperature of approximately from 40°C to 50°C is provided
at the outlet, although the temperature of the drying air in the third heating zone is still
approximately 120°C. The clean-room filters are, for example, a paper-like glass fibre
web which has a degree of separation for particles > 0.3 um of more than 99.99 %. In that
manner, a clean-room quality of clean-room class 100, for example, can be obtained in the
coating installation. '
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in the heaticogrdif®@%hé fvention are compact in their dimensions and relatively inexpensive to
manufacture and to operate. They permit a very rapid throughput of in-layers or printed
circuit boards. The design of the continuous drier also takes into account requirements
with regard to safety, especially explosion protection. On the one hand, the in-layers or
printed circuit boards pass through a drying chamber having a rising temperature profile.
At the entrance to the drying chamber, where, at the beginning of the drying process,
relatively large amounts of solvent evaporate off or out, the temperature of the surface of
the infrared radiators is relatively low. The highest surface temperatures are exhibited by
the infrared radiators at the exit from the drying chamber, where only a small amount of
solvent is still present in the coating. The flow of air in the drying chamber is counter to
the transport direction of the in-layers or printed circuit boards. That ensures that the
solvent vapours are transported away from the heating zones having the infrared radiators
with the higher surface temperatures. As a further safety measure, care may also be taken
that the surface temperature of the infrared radiators does not exceed 300°C. The hot
outgoing air of the continuous drier is mixed with the cold outgoing air of the coating
cabin. The temperature of the outgoing air at the outlet is thereby kept low, which further
increases the safety of the installation. The continuous drier and the coating installation
can be operated with a very high clean-room quality with only little energy expenditure.
The ventilation concept of the continuous oven and, in particular, of the coating
installation effects isolation from the surroundings and in that manner substantially
prevents the release of solvent vapours into the surroundings.



and the associ at ed—graph- of .t he tenperature of the convection current in

the three heatl ng zones (c). An exanpl e enbodi ment of a coating
indtallation fofrhl pliced ece mat eri al , especiatty—fer—in-tayers or
printed circuit ﬁ i ded overal | W|th rence nuneral 1 in
Figs. 1 and 2. It oati ng station 2, i{&/mi rd shaped
piece material is coated wth photoreS|st or the ng station

3, in which the coated piece material -ild-dried. The drylng statlon is, in
particular, a horizontal continuous drier having a drying chanber 4 through
whi ch the ated piece material passes in a lying position along a
substantiaﬁﬁ?' transport path P, in the direction of transport D,
froman entrance 5 to an exit 6. For transporting the coated piece nateri al

the contin TPX%O%Au%s ﬁriiexS fof %&%Ps%%péﬂ Hécet rrng{%%gl? reépecially for coated in-layers or
printed circuit boards, comprising a drying chamber (4), in which the board-shaped piece
material to be dried is exposed to a guided air stream (L) while being transported along a
transport path (P) from an entrance (5) to an exit (6) of the drying chamber (4) by transport
means acting preferably at its longitudinal edges, and comprising an inlet (7) and an outlet
(8) for the air (L), wherein there are arranged above and below the transport path (P) of the
board-shaped piece material infrared radiators (9) the radiation of which acts directly on
the coated piece material in order to dry it and which, at the same time, form a heat source
for the guided air stream (L), and wherein the air stream (L) is guided in the drying
chamber (4) counter to the transport direction (D) of the board-shaped piece material and
substantially paraliel to the transport plane (P).

2. An apparatus according to claim 1, wherein the infrared radiators (9) are arranged at
uniform distances from one another along the transport path (P), the distance of two
infrared radiators (9) from each other being from approximately 70 mm to approximately
130 mm, preferably approximately 100 mm.

3. An apparatus according to claim 1, wherein the infrared radiators (9) arranged along the
transport path (P) above and below the same are assembled into groups and can be
operated in such a manner that the drying chamber (4) comprises several, preferably three,
heating zones (I, IT, IIT) along the transport path (P), each of which heating zones
comprises a group of infrared radiators (9) having a different surface temperature, the
heating zone (I) having the lowest surface temperature of the infrared radiators (9) being
closest to the entrance (5) of the drying chamber (4), whilst the heating zone (III) having
the highest surface temperature of the infrared radiators (9) is the last heating zone before
the exit (6).

4. An apparatus according to claim 1, wherein the air outlet (8) is designed to remove a
greater quantity of air than is supplied at the air inlet (7).

5. An apparatus according to claim 1, wherein the air flow (L) in the drying chamber (4) is
substantially Ilaminar.

6. An apparatus according to claim S, wherein the inlet (7) for the incoming air (Z) is
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may Be hol di ng-ctanps-that -are-mount ed on endl essly cirettati-ng—transport
chains or cabl gg;

s éj hat usually hold the coated board- shaped pi ece
material at its f eplacgdes. An inlet 7 for inc{ "3” !“ﬂfﬂl""ﬂlfn
outlet for outgo w the circulation of an , - he

dryi ng chanber. ‘

the dryi ng chanber 4, above and bel ow t'he
transport path P of the coated board- d material are infrared radiators
9 which preferably extend parallel to the transport path P and transversely

to the transport direction The nunber .of infrared radi ators 9. above the
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bet ween -t woudléf @dent infrared radiators is approximately

7. An apparatus according to claim 6, wherein a clean-room filter (10) is arranged in the
inlet (7) for the incoming air (Z).

8. An apparatus according to claim 1, wherein the transport path (P) of the board-shaped
material inside the drying chamber (4) extends substantially horizontally.

9. An apparatus according to claim 1', wherein the drying chamber (4) is divided into three
regions, a pre-heating and mixing region (V), which is arranged immediately downstream
of the entrance (5), followed by a heating region (H), which is optionally divided into the
three heating zones (I, II, III), and a cooling region (K), which is arranged before the exit
(6) of the drying chamber (4).

10. A coating installation for board-shaped piece material, especially for in-layers or
printed circuit boards, comprising a coating station (2), in which the board-shaped piece
material is coated on one or both sides with photoresist or the like, and an adjoining drying
station (3), in which the photoresist is dried and solvent contained in the photoresist is
evaporated off and transported away, wherein the drying station (3) is a continuous drier
according to any one of claims 1 to 9.

11. A coating installation according to claim 10, wherein the coating station (2) comprises
a coating cabin (20) having an air inlet opening (23) and an entry opening (21) and an
opposite exit opening (22) for the board-shaped material to be coated, the exit opening
(22) leading directly into the entrance (5) to the drying chamber (4).

12. A coating installation according to claim 11, wherein the coating station (2) is
equipped with a roller coating device (24) comprising one coating roller arranged above
and one coating roller arranged below the transport path (P) of the board-shaped piece
material, between which the board-shaped piece material can be transported for coating
with photoresist or the like while being held at its longitudinal edges by transport means
provided in the coating station (2).



from70 nmto 130 mm preferably' approximately 100 mm For reasons of
espeti al | y sinple-tonstruction;—the-infrared radiators 9 are fitted to the

upper and the |OV\ﬁ¥iS:§1%l{ ld |1s, of the drying chanmber 4. The transport
means (not shown) | °?ﬂ ece material are amrlml““muﬂmml
manner that the tr%ﬂm l._o,f‘,the boar d- shaped.

approxi mately centn he upper and the | ower* bdundary wall’s of

the drying chanber 4. In that manner, -tlBe tenperature profile in the drying
chanmber can be controlled very well. The inlet 7 for the incomng air Z

Is arranged.,ip the vicipnity of the exit. 6. frqmthe dryi ng chanher 4,
wherene ¢ hi3ohepainagnpialaddatsntdts Him 1 I WHErsi Bt Sheniadoy pravidedy of
tEe enltranmaﬁchlﬁ cbﬁﬁﬁdiﬁsdﬁyt(mfom%ergngmg zﬂ’h(af\)ii@aombgnahimezr:é fir vodetced vi a
the inlet 7 fl.o [ . dryi.n amber 4 counter to the transport
di rection Bp%)fm%'\'ﬁo‘g t@% (fmgltﬁ‘gt%gﬂng-z@ﬂaped material. In particular, the air
streamL flows in the drying chanber 4 approxinmately parallel to the
transport t ; iSPANE i r : f
fromthe ng't‘gﬁga%’g]i," %ﬁg{nll es | §{"t"£<@ﬁd§§4 Y‘ﬁe&t hgl?ér{ﬁ;&{% r‘g’g‘?ng%ggé/mgélg%g#t@s exi t
6 of the drsmeNsdahthepaitlenopeningd) anprogimaiely corresnoadsio hp gir vRlsSOf heand i s
there extr agfigslaic (LYpEEEed theou@Hith€lrydngd eHanibee () 4ha Mer 6F)fintfoduced into the
coating cabin (20).

15. A coating installation according to claim 14, wherein the air inlet opening (23) of the
coating cabin (20) is equipped with a clean-room filter (25).

16. A coating installation according to claim 13, wherein the mixing ratio of hot outgoing
air from the drying chamber (4) and cold outgoing air from the coating cabin (20) is
selected to be such that the outgoing air (A) at the outlet opening (8) has a temperature of
approximately from 30°C to 70°C.

17. A coating installation according to claim 13, wherein the air i$ guided in the
installation in such a manner that there is a slight over-pressure inside the coating cabin
(20) in the region of the entry opening (21) and inside the drying chamber (4) in the region
of the exit (6) for the board-shaped piece material, so that the installation is substantially
isolated from the surrounding air.
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£-heating and m xing region Vis provided. Adjoining the Iatter is a
. Zggating region proper H having the infrared radiators 9. - -7 The
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Continuous drier for board-shaped piece material and coating installation
comprising such a continuous drier

Abstract

A continuous drier (3) for board-shaped piece material, especially for coated in-layers or
printed circuit boards, is described which comprises a drying chamber (4), in which the
board-shaped piece material to be dried is exposed to a guided air stream (L) while being
transported along a transport path (P) from an entrance (5) to an exit (6) of the drying
chamber (4) by transport means acting preferably at its longitudinal edges. The drying
chamber (4) is equipped with an inlet (7) for incoming air (Z) and with an outlet (8) for
outgoing air (A). Arranged above and below the transport path (P) of the board-shaped
piece material are infrared radiators (9) the radiation of which acts directly on the coated
piece material and which, in addition, form a heat source for the guided air stream (L).
The air stream (L) in the drying chamber (4) is guided counter to the transport direction
(D) of the board-shaped piece material and substantially parallel to the transport plane (P).
A coating installation (1) comprising such a continuous drier (3) is also described.

(Fig. 1)

¥gions. Directly adJ oi ning the entrarice”5 for. the boar d- shaped. nat eri al, a-'_--.' :



mere|'y:-fromtheir names. In the pre-heating and m xing region V, the coated
pi ece material entering via the entraicessséi >\ pre-heated by the air stream
L'éoning fromthe heating region H \HSAMBEASHEGIt i ng region H, the actual
drying of the coating is effected, onNME"tRe hand by the direct effect of
the radiation of the infrared radiators 9 and, on the other, by the heated
air stream L passing over the coated surfaces. The air streamL is heated
solely by the heat output of the infrared radiators 9. On | eaving the
heating region, the dried board-shaped piece material is cooled in the
cooling region K by the incomng air introduced, which is usually
mai nt ai ned at anbi ent tenperature or, if regulated, at approximately
25[err] C, before it is discharged through the exit 6 of the drying chanber
4.  The heating region H of the drying chanber 4 is divided into further
zones in which different tenperatures may be set. For that purpose, the
infrared radiators 9 arranged above and bel ow the transport path P are
assenbl ed into groups. According to the illustration in Fig. 3a, three
heating zones I, Il, Ill are formed in that manner. The infrared radiators
9 of the respective heating zones are operated at different outputs, so
that they have different surface tenperatures TIR in the heating zones I,
I1, I'll as indicated in the graph in Fig. 3b. The heating zone | having the
| ower surface tenperature TIR of the infrared radiators 9 is
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closest to the entrance 5 to the drying chamber 4, whilst the heating zone
| LI, Raving the highest surfac&his siemerabith Repldcl Of the infrared radiators 9
lies in the vicinity of the exi s the cooling region K In the
heating zone Il |ying between t EME ngglnones | and 111, the infrared
radi ators have a surface tenpera ure g between that of the firﬁi
heating zone | and that the | ast heating zone III VMen more than t ht&e
heati ng zones are prOV| gﬁhsurface t enper at ur§ = of theqpfrared
radiators 9 in each succ eating ne is er th@that in
“the precedi nglheati ng grone g Iln Fig. 3 Athe tenperature variati¥@n TL of

fthe air stream L\over ghe lefgth | of t heating region His r ed in
.the formof a grap can rly b n that that variation is tjhe

opposite of th fiation of the flace tenperature TIR of thq i nf tlar &2
radiators 9 i rfEe N VEGHaE - Z0Ras: 14 of the heating rfegion H The
i ncomi ng air AFFS-THrTOdUCEd at ¢ ly 25[err]C. As it f|l ows |t hrough

the heating rggion Bgpunter to the rt &,_11
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REPLAQENENT SHEET -7-
~directtion D of 't he boaLd.shaped_pLecennaLerlal it is heated by the
infrared radiators 9. First it neets the infrared radiators 9 havi ng t he

hi ghest surface tenperafm$%wa by these very rapidly to the
e, approximately from 110[err] gfzo
erature until it |eaves the hedtd ng

required set tenperature
130C. The air:streamL r

region H since the surface tenperature T[err] of the infrared radiators 9
in the first heating zone is greater than that set tenperature and is, for
exanple, from180[err]C to 220[err]C. The opposite tenperature profiles

of the surface tenperatures TIR of the infrared radiators 9

tenperature TL of the ajr streamlL er the len | of th 5!!’9 ;1§¥on
H al l ow t he ét ﬂf %hh —
I |
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wet -coat ed board-sh |ece materl aI to be dried especially gentJ;mand
at :the’sanme tine, . ‘Wé boar d- shaped..pi.ec ..passes
through the drying c ml “heat ed, opti ofaF prerdheating
and m xi ng chamber V r, i f not, when T St ' ido.. :
heating zone I Jah that first heati ng zone I, theVs._ -ac;e tenper ai u;ei 4. |

Tlerr] of the |anréJ’ed Haditegrs 9 is re tlvel y law;.wheneas:the .
tenperature Th..of tHeLAiH) stregm L | eavi g t he heati'ng.riegi qn - H;

t enper at ure. In that fiTe i ng zor! ‘I! ai first pre-drying of the "
coating is effected essentially by th Mgi r Lilowng Qver..the Li{:face
of the board-shaped piece material. Bubble formati-eh-iH-the: Qﬂ&t]hé‘ aused. |

by a hi ghWhatlimclamedoist put of the infrared radi ators 9 is reliably avoided

in that manner. In the second heatjng zone 11, dryi r}%ﬁ:l effected i _an
approxi mat bty CRMINBoYSoREIn foF baardryhaned RiRSEi deput SHe
infrared radi atpf sfdr WBaELd NBY -, LAPdr£XGEPhLint ey echratit damardsnp efoni-ur e

Fnaily i PR TiRg i iass ﬁaa'%%%%? foy, ni ol cREPPRRTRIARRed |
excl usi vel y by piece adtariah tmthwtimédtm sxponafictio ra vddeAsatrstaeanhe
other hand, the ﬂ)n%ﬁgﬁéiﬁ%%rg‘i)%gﬁgtha siddd acergnsﬁ@fﬁ/ %%tho(ﬁ)ocﬂrofmhe

boar d- shaped na er

ating zonge tiQna | ned by
the cooling zorRd lentrapsechS hde #y axél Faldick GFE %’Eﬁ Fg’ﬁﬂgﬂg ﬁgj
boar d- shaped pi @Bl | fbans Rtahy epposarhbly tae rigsat n.ung;mmam

incomng air Z. edges, and comprising an inlet (7) and an outlet (8) for
— the air (L), wherein there are arranged above ‘the transport
path (P) of the board-_shapéd ‘piece material infrared

radiators, and the air stream in the drying chamber is

guided counter to’ the transport dlrectlon of the board-

shaped piece material and substantlally parallel to the

teomempmam pepmsane =

transport plane,

characterized in that ,

there are arranged above and below the transport path (P)-
of the board-shaped piece material infrared radiators (9),
the radiation of which acts dlrectly on the piece material
in order to dry it, "and whlch, at the ‘same time, form a
heat source for the gulded air stream (T),

the air stream (L) in the drylng oven’ (&) is” essentlally
laminar, and - )

the infrared radiators (9) arranged élqﬁg the traréport
path (P) above and below the same are assembled into groups
and can be operated .in such a mé_'n_ner that the drying
chambers (4) are provided with several, preferably -three
heating zones (I,II,III) along the transport path (P), each
of ‘which heating zones comprises a group of infrared
radiators (9) having a different surface temperature,
wherein the heating zone (I) having the lowest surface
temperature of the infrared radiators (9). is closest to the
entraﬁcé‘(S) of the drying chamber (4), while the heating
zone (IiI) having the highest surface temperature of the
infrared radiators (9) is the last heating zone before the

exit (6).
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The air flow L—ia—the- -dryi-ng—chanber 4 is _ m ned by how
g][ eattls t he am)unt of incom ng ai [)I Z suh | gq is the vol une
of outgoing airT ably, t i r outl D ol 1S ..CUr
extract a larger fﬁiﬁmﬁﬂhﬁ‘ tham is sjuppl tddNG Eqé&t _tfr, ?a rBEA  he
inlet 7. That a| erably rggul dted in ?%hhe! that t he

air flowlL in the drying chanber 4 is subsftantially Tam nar . The ant nar
air flowL has the

REPLACENW S'ﬁlpparams according to claim 1, wheréin the infrared radiators (9) are
arranged at uniform distances from one another along the transport path (P), the distance of

two infrared radiators (9) from each other being from approximately 70mm to approximately
130mm, preferably approximately 100mm.

3. An apparatus according to claim 1, wherein the air outlet (8) is designed
to remove a greater quantity of air than is supplied at the air inlet (7).

4, An apparatus according to claim 5, wherein the inlet (7) for the incoming air

(Z) is arranged in the region of the exit (6) of the drying chamber (4), whereas the outlet (8)
for the outgoing air (A) is arranged in the region of the entrance (5) of the drying chamber
(4), and wherein flow rate regulators (12; 14) for the air are provided at the inlet (7) and the
outlet (8).

o 5. An apparatus according to claim 6, wherein a clean-room filter (10) is
arranged in the inlet (7) for the incoming air (Z).

6. An apparatus according to claim 1, wherein the transport path (P) of the
board-shaped material inside the drying chamber (4) extends substantially horizontally.

7. An apparatus according to claim 1, wherein the drying chamber (4) is divided

into three regions, a pre-heating and mixing region (V), Which is arranged immediately
downstream of the entrance (5), followed by a heating region (H), which is optionally
divided into the three heating zones (I,ILIII), and a cooling region (K), which is arranged
before the exit (6) of the drying chamber (4).

8. A coating installation for board-shaped piece material, especially for in-layers

or prmted circuit boards, comprising a coating station (2), in which the board-shaped piece

material is coated on one or both sides with photoresist or the like, and an adjoining drymg
_ station (3), in which the photoresist is dried and solvent contained in the photoresist is
N\’ evaporated off and transported away, wherein the drying station (3) is a continuous drier

according to any one of claims 1 to 9.

9. A coating installation according to claim 10, wherein the coating station (2) comprises
a coating cabin (20) having an air inlet opening (23) and an entry opening (21) and an
opposite exit opening (22) for the board-shaped material to be coated, the exit opening (22)
leading directly into the entrance (5) to the drying chamber (4).

10. A coating installation according to claim 11, wherein the coating station (2)

is equipped with a roller coating device (24) comprising one coating roller arranged above
and one coating roller arranged below the transport path (P) of the board-shaped piece
material, between which board-shaped piece material can be transported for coating with
photoresist or the like while being held at its longitudinal edges by transport means provided
in the coating station (2).

11. A coating installation according to claim 11, wherein the outlet opening (8)
provided in the continuous drier (3) for the outgoing air (A) is at the same time the air outlet
it the same Ume {

opening for the coating cabin (20). _
MR I




advant age that_the.sane.quantity-of air flows over all regions of the
surfaces of the coated board shaped pi ece materi al be dried and, in that
manner, very uifh§ dHe achi eved. The | ngatH,aj SO
ensures that soI ﬁi d out er off is reli any ,ra spo tEEEN way
fromthe surface mat eri al-183nd i s not rﬂeddy egi ons
and the

I nsi de the drying chanber. The i ntroduction of the | ncom ng AT
extraction of the outgoing air A may be effected by external transport

Fﬁ?”fhguf” preA%ang/ms&h&léﬂ@d&Iamﬁ o’fﬁggmél fively Ito[gtv' ged
0 he drﬁ@ﬁ%mg rb R HnE bl okl ) m{%x @Eﬁﬁ%ﬁ L

[err]f inco ﬂa%ggﬁfg gﬁgd
out goi ng ‘3‘?‘? &835’8 l et 8, flow rate regul ators 12 and 14

for the air are respectl vely provided at the inlet 7 and the outlet 8. In
that mannid:, theoatinginstaliation aceording telelpim d4c whersiay the air Amletepepingd23k| y
regul at edf thhcoatulgscabm@%ah/eqmmdw@l tleanreoom filter (@)t he preferably | am nar
air flow L. In order to prevent contam nants, particles, etc. fromalso
entering 14he dX voangCinstallfiontacobiding to claim 13, wherein the mixing ratio of hot
outgoing air from the drying chamber (4) and cold outgoing air from the coating cabin (20)
is selected to be such that the outgoing air (A) at the outlet opening (8) has a temperature of
approximately from 30°C to 70°C.

)

i 15. A coating installation according to claim 13, wherein the air is guided in

N/ the installation in such a manner that there is a sight over-pressure inside the coating cabin
(20) in the region of the entry opening (21) and inside the drying chamber (4) in the region
of the exit (6) for the board-shaped piece material, so that the installation is substantially
isolated from the surrounding air.
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jillter 10 is preferably fitted in the
, o) i C ” e type of clean-room ter 10 depends
upon the‘,c"l"ea g, Lo7 a,? |bved in the drying ¢ MEEME}WT&F..The
coating i')‘u t'al'l'ati of 4 ording ‘1o 1he i nvention for board-shaped pFbce
mat eri al ¥ espect Y i W-F&yers of printed circuit boards, conprises a
conti nﬂous drier 3 of thew d descrl'béd 7n which the coati ngdl Sf?” eg in a
ent | e \mahnét ‘and SGFvent.- sent inithe coatin evaporated o an
?ransport&ﬂ"ﬁw USTPRIERGEQR 89 %ﬂf‘éﬂm DIEGE M'EERgﬁhtA Méﬁél lation 1

conpri ses mscm@LAmNcrmhpmsa@lehamHnm GONTENUOUS DRIERI Ng 21 for the
boar d- shaped piece material to be coated. Provided on the opp05| te side of

t he coati 0
e oot B8 U et 158 ot SR MecBRp i ot b
cabin 20 cpahrmlgataﬂatlm accordmgtodhepreagwb]ﬁofpdaﬁ\eﬂ abI y prow ded in the top

cover region of the coating cabin 20. Arranged inside the coating cabin
20 is a roller coating device 24. The latter conprises one coating roller

arranged AR afd o8 dridthg 18 e pre@hb Gehi & i RnbWif rbPPE R Bo835h P

of which is operated with circulated air with the addition of fresh air. An air duct is provided
N beside the drying chamber, at least two openings communicating with the air duct being
distributed over the length of the drying chamber, whereby the drying chamber is divided into
a plurality of zones. The air speeds obtained in those zones generally differ substantially.

Infrared radiators provided in the drying chamber serve merely to increase the rate of flow of
the air in the individual zones.

There is known from EP-A-0 437 272 a drying shaft consisting of a vertically amranged
treatment channel for a web of goods heated inside the channel on both sides by radiant
heating elements. For transporting away the water vapour which forms during the drying
process there is used in this apparatus fresh air alone, which is sucked in at the upper side
of the shaft and at the rear side of the radiant heating elements.

There is further known from US-A-1,560,589 a process for drying material burdened with a
volatile fluid, which material is passed through a drying chamber with air being passed along
both sides of the web-shaped material in the direction of movement of the web of material.

Finally, DE-B-1 031 264 discloses an apparatus for the treatment of textile material with

gaseous agents, wherein air is guided in a drying channel in the direction of movement of the
textile material and infrared radiators can be arranged in the drying channel.

To produce the conductors on printed circuit boards or, in the case of multi-layered printed
circuit boards, on the so-called in-layers, the normally copper-clad epoxy resin glass fibre
fabrics are coated with a photoresist or with a similar photo-sensitive and developable
polymer layer. The desired structure of conductors is exposed on the dried coating, and the
coating is developed at the exposed (or, depending upon the type of photoresist, the
unexposed) places. In the etching process which follows, the copper is etched away at the



gt erial , between which the board-shaped
for coating with the photoresist or the like.

I n that formijof ‘ . qurfaces of the in-layers or REPM(%MEWSHEET
\ gl tlaneously. During the process, they are held

at their |ongytpdrna [y |t ransporf nmeans provided in the coating
cabi n 20. Thop eletarias - y may be”6f anal ogous construction to the
transport neaps in the drying sfation 3; since they are of no further

significance
uncovered

P aces, wi ereas'; 812 c:ctape%I prlaces are protected from the etching effect. When
the remainder of the coating has been dissolved away, the in-layer or printed circuit board

having the desired structure of conductors is obtained.

The coating and the drying of the in-layers or printed circuit boards are carried outin a
coating installation. The latter usually comprises a coating station, in which the in-layers or
printed circuit boards are coated on one or both sides with photoresist or the like, and at least
one drying station, in which the photoresist is dried and solvent (which may aiso be water)
that evaporates off in the process is transported away from the in-layer or printed circuit
board to the oytgoing air.

In order to obtain the desired throughput, the in-layers or printed circuit boards have to be
dried in a relatively short time. For that purpose, the drying stations are usually in the form of
continuous driers in which the coated board-shaped piece material is dried during its
transport from an entry opening to an exit opening. The coating is normally dried in a stream
of hot air which is passed over the surface of the board. There are also continuous driers in
which the coating is dried by means of infrared radiation (IR radiation). As a rule, circulating
driers are arranged upstream of those infrared driers in order to evaporate off and tranéport
away any solvent present in the coating. That preliminary drying is absolutely essential in the
case of conventional infrared driers on safety grounds since, without it, the solvent vapours
which would not be evaporated out and off until the infrared drier was reached could ignite
upon contact with the hot surface of the infrared radiators.

An important factor determining the duration of the drying of the coating is the temperature
inside the continuous drier. It cannot be set to an arbitrarily high level since that would
involve the risk of the solvent vapours' igniting. When infrared driers are used, there is the
risk that the coating will form bubbles (boiling bubbles), which severely impairs the evenness
and the quality of the coating and may result in an in-layer or a printed circuit board coated in
that manner becoming unusable. There are, therefore, limits to shortening the throughput
times in conventional known continuous driers.

A further problem with known coating installations and, in particular, also with known
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coating and crucially impair the quality thereof. For example, particles in the coating may act
as scattering centres in the exposure step or may even mask individual areas with the result
that the specified structure of conductors is not completely imaged onto the photoresist. In
the processing steps which follow, the copper-ciad layer is then etched imperfectly and an
unusable printed circuit board is produced.

It is therefore the problem of the present invention to remedy the above-described
shortcomings of the state of the art. A continuous drier is to be'provided that permits a rapid
throughput, that is to say rapid drying, of the in-layers or printed circuit boards without at the
same time impairing the quality of the coating. The continuous drier is to satisfy the
requirements with regard to explosion protection, and ignition of the solvent evaporated out
and off during the drying process is to be avoided. In addition, with the drier, the undesirable
release of solvent vapours into the surroundings is to be substantially avoided. The design
of the drier is to make it possible to provide a coating instailation that is substantially closed
off from the surroundings. The coating installation is to make it possible to achieve relatively
high clean-room qualities inside the installation, and undesirable emissions to the outside are
to be substantially prevented. The drier and the coating installation are to be capable of
being operated in an energy-saving manner. In addition, both the continuous-drier and the
coating installation are to be compact in their dimensions and inexpensive in design' andin
operation.

All of the above problems are solved by a continuous drier according to the second part of
patent claim 1 and by a coating installation having the features specified in the second part
of patent claim 8. The depéndent patent claims each relate to especially preferred and
advantageous embodiments.

In particular, the invention provides a continuous drier for board-shaped piece material,
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by transport means acting preferably at its longitudinal edges. The drying chamberis
equipped with an inlet for incoming air and with an outlet for outgoing air. Arranged above
and below the transport path of the board-shaped piece material are infrared radiators the
radiation of which acts directly on the coated piece material and which form, in addition, a
heat source for the guided air stream. The air stream in the drying chamber is guided
counter to the transport direction of the board-shaped piece material and substantially
parallel to the transport plane. The coating installation is equipped with such a continuous

-

drier. -

An example embodiment of the invention is described in detail below with reference to the
schematic drawings and graphs, in which: -

Fig. 1 shows a coating installation comprising a coating station and a continuous drier,
Fig. 2 shows the air flow in the coating'station shown in Fig. 1, and

Figs. 3a-c show an arrangement of 3 heating zones in the continuous drier (a), the associ-
ated graph of the temperature of the infrared radiators in the heating zones (b),
and the associated graph of the témperature of the convection current in the three
heating zones (c). '

An example embodiment of a coating installation for board- shaped piece material, especially
for in-layers or printed circuit boards, is provided overall with the reference numeral 1 in Figs.
1 and 2. It comprises a coating station 2, in which the board-shaped piece material is coated
with photoresist or the like, and a drying station 3, in which the coated piece material is dried.
The drying station is, in particular, a horizontal continuous drier having a drying chamber 4
through which the coated piece material passes in a lying position along a substantially
horizontal transport path P, in the direction of transport D, from an entrance 5 to an exit 6.
For transporting the coated piece material the continuous drier 3 is equipped with transport
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transport path P and transversely to the transport direction D. The number of infrared
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radiators 9 above the transport path P corresponds to the number below the transport path.
In particular, each upper infrared radiator lies exactly opposite one lower infrared radiator.
The infrared radiators 9 are preferably arranged at uniform distances from one another along
the transport path D. The distance between two adjacent infrared radiators is approximately
from 70 mm to 130 mm, preferably approximately 100 mm. For.reasons of especially simple
construction, the infrared radiators 9 are fitted to the upper and.the lower boundary walls of
the drying chamber 4. The transport means (not shown) for the coated piece material are
arranged in such a manner that the transport path P of the board-shaped material extends
approximately centrally between the upper and the lower bdundary walls of the drying
chamber 4. In that manner, the temperature profile in the drying chamber can be controlled
very well. '

The inlet 7 for the incoming air Z is arranged in the vicinity of the exit 6 from the drying
chamber 4, whereas the outlet 8 for the outgoing air A is provided in the vicinity of the
entrance 5 to the drying chamber 4. The iﬁcoming air Z introduced via the inlet 7 flows in the
drying chamber 4 counter to the transport direction D of the coated board-shabed material.
In particular, the air stream L flows in the drying chamber 4 approximately pérallel to the
transport path P. in that manner, the solvent evaporated out of and off from the coating as it
dries is taken by the air stream away from the exit 6 of the drying chamber 4 to the entrance
5 of the drying chamber 4 and is there extracted through the outlet 8 for the outgoing air A.

The drying chamber 4 of the continuous drier 3 is divided into three regions. Directly
adjoining the entrance 5 for the board-shaped material, a pre-heating and mixing region V is
provided. Adjoining the latter is a heating region proper H having the infrared radiators 9.
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discharged through the exit 6 of the drying chamber 4.

The heating region H of the drying chamber 4 is divided into further zones in which different
temperatures may be set. For that purpose, the infrared radiators 9 arranged above and
below the transport path P are assembled into groups. According to the illustration in Fig. 3a,
three heating zones |, Ii, lil are formed in that manner. The infrared radiators 9 of the
respective heating zones are operated at different outputs, so that they have different
surface temperatures T in the heatihg zones |, ll, Il as indicated in the graph in Fig. 3b.

- The heating zone | having the lower surface temperature Tir of the infrared radiators 9 is
closest to the entrance 5 to the drying chamber 4, whilst the heating zone il having the
highest surface temperature T of the infrared radiators 9 lies in the vicinity of the exit 6 and
adjoins the cooling region K. In the heating zone Il lying between those heating zones | and
I, the infrared radiators have a surface terﬁperature Tr lying between that of the first
heating zone | and that of the last heating zone Ill. When more than three héating zones are
provided, the surface temperature Tir of the infrared radiators 9 in each successive heating
zone is always greater than that in the preceding heating zone.

In Fig. 3¢, the temperature variation T, of the air stream L over the length | of the heating
region H is recorded in the form of a graph. It can clearly be seen that that variation is the
opposite of the variation of the surface temperature Tir of the infrared radiators 9 in the
individual zones |, Il, Il of the heating region H. The incoming air Z is introduced at
approximately 25°C. As it flows through the heating region H counter to the transport
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direction D of the board-shaped plece material, it is heated by the infrared radiators 9. First it
meets the infrared radiators 9 having the highest surface temperature and is heated by these
very rapidly to the required set temperature of, for example, approximately from 110°C to
130°C. The air stream L retains that temperature until it leaves the heating region H, since
the surface temperature Tir of the infrared radiators 9 in the first heating zone is greater than
that set temperature and is, for example, from 180°C to 220°C.

The opposite temperature profiles of the surface temperatures Tir of the infrared radiators 9
and the temperature T_ of the air stream L over the length | of the heating region H allow the
wet-coated board-shaped piece material to be dried especially gently and, at the same time,
efficiently. As the board-shaped piece material passes through the drying chamber it is pre-
heated, optionally in the pre-heating and mixing chamber V first of all or, if not, when it enters |
the first heating zone 1. In that first heating zone |, the surface 'femperature Tir of the infrared
radiators 9 is relatively low, whereas the temperature T, of the air stream L leaving the
heating region H has its set temperature. In that first heating zorie |, a first pre-drying of the
coating is effected essentially by the hot air L flowing over the surface of the board-shaped
piece material. Bubble formation in the coating caused by a high radiation output of the
infrared radiators 9 is reliably avoided in that manner. In the second heating zone ll, drying is
effected in an approximately equal proportion by the direct radiation output of the infrared
radiators 9, which may, for example, have a surface temperature Tir of approximately from
240‘0 to 260°C in that heating zone. Finally, in the third heating zone i, final drying is
effected virtually exclusively by the radiation output of the infrared radiators 9. On the other
hand, the incoming air Z, which is still oold, serves to cool the board-shaped material. The
third heating zone lii is optionally adjoined by the cooling zone K in which ngi infrared
radiators are arranged and the board-shaped piece material is merely exposed to the
relatively cool incoming air Z.

The air flow L in the drying chamber 4 is essentially determined by how great is the amount
of incoming air Z supplied and how large is the volume of outgoing air A removed.
Preferably, the air outlet 8 is designed to extract a larger quantity of air than is supplied as
incoming air at the inlet 7. That air ratio is preferably regulated in such a manner that the air
flow L in the drying chamber 4 is substantially laminar. The laminar air flow L has the
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the drying chamber 4. In order to ensure the constancy of the quantity of incoming air Z
introduced at the inlet 7 and of the quantity of outgoing air A extracted at the outlet 8, flow

rate regulators 12 and 14 for the air are respectively provided at the inlet 7 and the outlet 8.
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In that manner, the flow ratios in the drying chamber 4 can be precisely regulated, which is
very advantageous to maintaining the preferably laminar air flow L.

In order to prevent contaminants, particles, etc. from also entering the drying chamber 4 with
the incoming air Z, a clean-room filter 10 is preferably fitted in the inlet 7 for the incoming air

Z. The type of clean-room filter 10 depends upon the clean-room class to be achieved in the
drying chamber 4.

The coating installation 1 according to the invention for board-shaped piece material,
especially for in-layers or printed circuit boards, comprises a continuous drier 3 of the kind
described in which the coating is dried in a gentle manner and solvent present in the coating
is evaporated off and transported away. The coating station 2 of the coating installation 1
comprises a coating cabin 20 having an entry opening 21 for the board-shaped piece
material to be coated. Provided on the opposite side of the coating cabin 20 is an exit
opening 22 which leads directly into the entrance 5 of the drying chamber 4. Air F can be
blown into the coating cabin 20 through an air inlet opening 23 preferably provided in the top
cover region of the coating cabin 20.

Arranged inside the coating cabin 20 is a roller coating device 24. The latter comprises one
coating roller arranged above and one coating roller arranged below the transport path P of

ransported away fromthe
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REPLACENWe%—'E@Irs or printed circuit boards are evenly coated simultaneously. During the
process, they are held at their longitudinal edges by transport means provided in the coating

cabin 20. Those transport means may be of analogous construction to the transport means
in the drying station 3; since they are of no further significance to the invention, their
illustration in the Figures has been dispensed with. '

The air F which is introduced via the air inlet opening 23 and which is usually maintained at
ambient temperature or at approximately 25°C passes through the exit opening 22 to the
outlet 8 of the drying chamber 4 for the outgoing air A of the drying chamber. In that
manner, the entire coating installation 1 has only one outlet 8 for the outgoing air charged
with solvent vapours, which air comes, on the one hand, from the drying station 3 and, on the
other hand, also from the coating station 2.

The extraction power at the outlet opening 8 is regulated in such a manner that the volume of
outgoing air A removed approximately corresponds to the air volumes of the air L passed
through the drying chamber 4 and the air F blown into the coating cabin 20.

The mixing ratio of the air volumes of the hot air L originating from the drying chamber 4 and
the cold air F from the coating cabin is selected to be such that the outgoing air A at the
common outlet 8 has a temperature of approximately only from 30°C to 70°C, whereas the
temperature of the drying air in the drying chamber 4 is still approximately fro}n 110°C to
130°C. Consequently, special measures to protect the extracted outgoing éir A charged with
solvent vapours from spontaneous ignition can largely be dispensed with.

in order to keep also the coating cabin 20 free from contaminants, particles, etc., a clean-
room filter 25 can be provided in the air inlet opening 23. As already mentioned in
connection with the clean-room filter 10 in the inlet for the incoming air to the drying
chamber, the type of clean-room filter chosen will depend upon the clean-room quality to be
achieved.
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through the entry opening 21 and through the exit 6. The small quantities of the air F
introduced into the coating cabin 20 and of the incoming air Z introduced into the drying
chamber 4 that are released into the surroundings through the entry opening 21 and through
the exit 6, respectively, are virtually free from solvent vapours. Those solvent vapours are, of
course, transported, on the one hand, by the air flow in the coating cabin 20 through the exit
opening 22 and, on the other hand, by the preferably laminar air flow L in the drying chamber
4 to the outlet 8 and are extracted there. In that manner, it is possible both to improve the
clean-room quality in the coating installation 1 and to keep the sumoundings of the coating
installation 1 substantially free from solvent vapours.

The coating installation according to the invention and the continuous drier according to the
invention permit a very short throughput time of the wet-coated piece material to be dried.
For example, in-layers (copper-clad laminate) that have been coated with a photoresist,
comprising 50 % solids and methoxybutanol as solvent, in a wet film thickness of 25 um can
be dried in less than 50 seconds. The length of the drying chamber is in that case, for
example, approximately from 1.6 m to 2.0 m, its width from approximétely 0.9mto
approximately 1.0 m and its height approximately from 0.30 m to 0.40 m. The size of the
entrance and the exit of the drying chamber is from approximately 0.92 m to approximately
0.98 m in width with a height of from approximately 0.13 m to approximately,'0.18 m. The
distance of the infrared radiators from the substrate is approximately from 0.12 m to 0.17 m.
The infrared radiators used are, for exampie, STM twin-tube radiators produced by Heraeus
Noblelight, which, at an output of 1200 watts, have a radiation density of approximately

12 kW/m?. The surface temperatures of the infrared radiators are, for example, approxi-
mately 200°C in the first heating zone, approximately 250°C in the second, and just below
300°C in the third heating zone. The incoming air introduced into the drying chamber and
into the coating cabin has, for example, a temperature of approximately 25°C. The amount
of air at the inlet to the drying chamber is regulated to from approximately 200 m*h to
approximately 800 m*h, preferably approximately 500 m*h. The amount of outgoing air at
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m 2 0.3 um of more than 99.99 %. In that manner, a clean-room quality of clean-room class

100, for example, can be obtained in the coating installation.

order to dry it a

The coating installation according to the invention and especially the continuous drier
according to the invention are compact in their dimensions and relatively inexpensive to
manufacture and to operate. They permit a very rapid throughput of in-layers or printed
circuit boards. The design of the continuous drier also takes into account requirements with
regard to safety, especially explosion protection. On the one hand, the in-layers or printed
circuit boards pass through a drying chamber having a rising temperature profile. At the
entrance to the drying chamber, where, at the beginning of the drying process, relatively
large amounts of solvent evaporate off or out, the temperature of the surface of the infrared
radiators is relatively low. The highest surface temperatures are exhibited by the infrared
radiators at the exit from the drying chamber, where only a small amount of solvent is still
present in the coating. The flow of air in the drying chamber is counter to the transport
direction of the in-layers or printed circuit boards. That ensures that the solvent vapours are
tfansported away from the heating zones having the infrared radiators with the higher
surface temperatures. As a further safety measure, care may also be taken that the surface
temperature of the infrared radiators does not exceed 300°C. The hot outgping air of the
continuous drier is mixed with the cold outgoing air of the coating cabin. The temperature of
the outgoing air at the outlet is thereby kept low, which further increases the safety of the
installation. The continuous drier and the coating installation can be operated with a very
high clean-room quality with only little energy expenditure. The ventilation concept of the
continuous oven and, in particular, of the coating installation effects isolation from the
surroundings and in that manner substantially prevents the release of solvent vapours into
the surroundings. |



3. An apparatus according to claiml1l, wherein the air outlet (8)
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1. A continuous drier for board-shaped piece material, especially for coated in-léyers of

printed circuit boards, comprising a drying chamber (4), in which the board-shaped piece
‘material to be dried is exposed to a guided air stream (L) while being transported along a
transport path (P) from an entrance (5) to an exit (6) of the drying chamber (4) by transport
means acting preferably at its longitudinal edges, and comprising an inlet (7) and an outlet
(8) for the air (L), infrared radiators being arranged above the transport path of the board-

shaped piece material and the air stream being guided in the drying chamber counter to the
transport direction of the board-shaped piece material and substantially'parallel to the
transport p!a;'le,

wherein _

there are arranged above and below the transport path (P) of the board-shaped piece
material infrared radiators (9) the radiation of which acts directly on the piece material in
order to dry it and which, at the samé time, form a heat source for the guided air stream (L),
the air stream (L) in the drying chamber "(4) is substantially laminar, and

the infrared radiators (8) arranged along the transport path (P) above and below the same
are asse.mbled into grodps and can be operated in such a manner that the drying chamber
(4) comprises several, preferably three, heating zones (I, Ii, lil) along the transport path (P),
each of which heating zones comprises a group of infrared radiators (9) having a different
surface temperature, the heaﬁng zone () having the lowest surface temperature of the
infrared radiators (9) being closest to the entrance (5) of the drying chamber (4), whilst the
heating zone (lil) having the highest surface temperature of the infrared radiators (8) is the
last heating zone before the exit (6). |

2. An apparatus according to claim 1, wherein the infrared radiators (9) are arranged at con-
stant distances from one another along the transport path (P), the distance of two infrared
radiators (9) from each other being from approximately 70 mm to approximately 130 mm,
preferably approximately 100 mm.

3. An apparatus according to claim 1, wherein the air outlet (8) is designed to remove a
greater quantity of air than is supplied at the air inlet (7).
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air (A) is arranged in the region of the entrance (5) of the drying chamber (4), and wherein

flow rate regulators (12; 14) for the air are provided at the inlet (7) and at the outlet (8).

5. An apparatus according to claim 4, wherein a clean-room filter (10) is arranged in the inlet

(7) for the incoming air (Z).

6. An apparatus according to claim 1, wherein the transport path (P) of the board-shaped

material inside the drying chamber (4) extends substantially horizontally.

7. An apparatus according to claim 1, wherein the drying chamber (4) is divided into three

regions, a pre-heating and mixing region (V), which is arranged'immediately downstream of

the entrance (5), followed by a heating region (H), which is optionally divided into the three

heating zones (I, 11, lll), and a cooling region (K), which is arranged before the exit (8) of the

drying chamber g4).

8. A coating installation for board-shaped piece material, especially for in-layers or printed

circuit boards, comprising a coating station (2), in which the board-shaped piece material is

coated on one or both sides with photoresist or the like, and an adjoining drying station (3), in

which the photoresist is dried and solvent contained in the photoresist is evaporated off and

transported away, wherein the drying station (3) is a continuous drier according to any one of

claims 1 to_l.

9. A coating installation according to claim 8, wherein the coating station (2) comprises a

coating cabin (20) having an air inlet opening (23) and an entry opening (21) and an opposite

* exit opening (22) for the board-shaped material to be coated, the exit opening (22) leading

directly into the entrance (5) to the drying chamber (4).

10. A coating installation according to claim 9, wherein the coating station (2) is equipped

with a roller coating device (24) comprising one coating roller arranged above and one -

coating roller arranged below the transport path (P) of the board-shaped piece material,

between which the board-shaped piece material can be transported for coating with



circuit boards, conprising a coating station (2), in which the board-shaped
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10. A co!ﬁﬁh%émﬁmsat{a'%ﬁ@bn according to claim9, wherein the coating
station (2) is equipped with a roller coating device (24) conprising one
coating roller arranged above and one coating roller arranged bel ow the
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boar d- shgpfthudL BRer (B} fo tri¥d otgoing Sir (A)38 aPME sShe(titfe Heddirl Aliliel'bpéhing for the
coating cabin (20).

- 12. A coating installation according to claim 11, wherein the volume of outgoing air (A)
removed at the outlet opening (8) approximately corresponds to the air volumes of the drying
air (L) passed through the drying chamber (4) and the air (F) introduced into the coating
cabin (20).

13. A coating installation according to claim 12, wherein the air'.inlet opening (23) of the
coating cabin (20) is equipped with a clean-room filter (25).

14. A coating installation according to claim 13, wherein the mixing ratio of hot outgoing air
from the drying chamber (4) and cold outgoing air from the coating cabin (20) is selected to
be such ihat the outgoing air (A) at the outlet opening (8) has a temperature of approximately
from 30°C to 70°C.

15. A coating installation according to claim 11, wherein the air is guided in the installation in
such a manner that there is a slight over-pressure inside the coating cabin (20) in the region
of the entry opening (21) and inside the dfying chamber (4) in the region of the exit (6) for the

- board-shaped piece material, so that the installation is substantially isolated from the sur-
rounding air.
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Continuous drier for boafd-shaped piece material and coating installation
comprising such a continuous drier

Abstract

~ A continuous drier (3) for board-shaped piece material, especially for coated in-layers or
printed circuit boards, is described which comprises a drying chamber (4), in which the
board-shaped piece material to be dried is exposed to a guided air stream (L) while being
transported-along a transport path (P) from an entrance (5) to an exit (6) of the drying
chamber (4) by transport means acting preferably at its longitudinal edges. The drying
chamber (4) is equipped with an inlet (7) for incoming air (Z) and with an outlet (8) for
outgoing air (A). Arranged above and below the transport path (P) of the board-shaped
piece material are infrared radiators (9) the radiation of which acts directly on the coated
piece material and which, in addition, form a heat source for the guided air stream (L).
The air stream (L) in the drying chamber (4) is guided counter to the transport direction
(D) of the board-shaped piece material and substantially parallel to the transport plane (P).
A coating installation (1) comprising such a continuous drier (3) is also described.

(Fig. 1)
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