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(57) Abréegée/Abstract:

In a developing, etching and stripping apparatus, photoresist developing and stripping chemicals are drawn off into separate
circulatory paths in each of which they are pumped through a heat exchanger (52), a series of tangential filters (60, 62, 64, 66), an
ultraviolet contactor (56) and a collection tank (38). Permeate from the filters Is returned to the developing (14) or stripping (22)
stage, and solutions with high concentrations of solids are removed from the collection tanks for disposal. In regeneration of
developer solution based on sodium or potassium carbonate, carbon dioxide gas Is added along with an alkall metal hydroxide to
maintain a suitable pH and carbonate/bicarbonate ratio.
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(57) Abstract

In a developing, etching and stripping appa-
ratus, photoresist developing and stripping chemi-
cals are drawn off into separate circulatory paths
in each of which they are pumped through a heat
exchanger (52), a series of tangential filters (60,
62, 64, 66), an ultraviolet contactor (56) and a
collection tank (38). Permeate from the filters is
returned to the developing (14) or stripping (22)
stage, and solutions with high concentrations of
solids are removed from the collection tanks for
disposal. In regeneration of developer solution
based on sodium or potassium carbonate, carbon
dioxide gas is added along with an alkali metal
hydroxide to maintain a suitable pH and carbon-
ate/bicarbonate ratio.
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APPARATUS AND METHOD FOR RECOVERING
PHOTORESIST DEVELOPERS AND STRIPPERS

Technical Field

This invention relates generally to the management of
waste liquids produced 1n the manufacture of printed
circult boards, semlconductors and other products in
processes utilizing photoresist. More particularly, it
relates to an apparatus and method for recovering and
recycling photoresist developing solutions and/or

photoresist stripping solutions.

Background Art

In the printed circuit, semiconductor, chemical
milling, and printing industries, a photosensitive
emulsions known as a photoresist 1s applied to wvarious
substrates. A phototool or mask defining a pattern is
applied over the photoresist. Exposure of a
negative-working photoresist through the mask to radiation,
for example ultraviolet light, results in a pattern of
hardened polymer emulsion in the exposed area. Positive-
working photoresists are also sometimes used, and result in
a pattern of hardened photoresist 1in the non-exposed area.

In either case, following exposure, the articles are
typically carried by a conveyor through automated equipment
known as a "DES" (Develop Etch Strip) line. 1In a first
stage of the DES line, a developing solution is sprayed

onto the articles. The developing solution removes the

non-hardened photoresist, leaving only the hardened polymer
on the substrate. 1In a subsequent processing stage, the
areas of the substrate not covered by the hardened polymer
are etched by exposure to an etchant. In a still later
stage, a chemical stripper is spraved onto the articles to

remove the hardened polymer. In similar processes, the
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exposed areas of the substrate are coated or plated with
metal, rather than etched. However, as in the DES line,
the coating or plating stage is preceded by a developing
stage and followed by a stripping stage.

Waste solutions are produced 1n the developing and
stripping stages. Typically, in printed circuit board
manufacture, the waste solutions from both of these
processing stages are alkaline solutions containing high
concentrations of water-soluble photoresist material. The
waste solutions have both a high chemical oxygen demand
(COD) and a high biological oxygen demand (BOD). Before
discharging such a waste solution to the environment, the
solutions must be treated to remove organlic materials and
polymer skins.

In the past, DES lines were operated by circulating
the developing and stripping solutions through "dead end”
filters. That is, the chemicals were collected from the
developing and stripping stages, passed through a filter
medium, and returned to the spray heads. The accumulation
of solids on the filter media required periodilcC
interruption of the operation of the DES line for cleaning

of the filters. The developer gradually deteriorated, with

a resulting gradual reduction 1n the quality of the
product. Moreover, the accumulation of dissolved polymer
in the stripping solution gradually impaired 1its
effectiveness and required the entire DES line to be
operated more and more slowly over time until 1t was
eventually shut down for replacement of the stripping
solution.

A fresh developer solution 1s typically a solution
comprising sodium or potassium carbonate. In the
developing process, the carbonate 1s gradually transformed

to bicarbonate, which decreases the pH of the developing
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solution. The operating pH of a developer solution is
typically, although not necessarily, in the range of 10.5
to 11. If the pH drops to a level of about 10.2, the
developer is considered spent. 1In the past, attempts have
been made to extend developer bath life by adding potassium
or sodium hydroxide to regenerate the developing solution,
allowing higher loading. However, wlth higher loading,
antifoaming additives are needed. These, together with the
resist produce a sludge that redeposits on the printed
circuit boards, causing excess copper spots in the printing
and etching process. Rinsing needs to be increased to
maintailn clean development.

In the regeneration of carbonate, alkalili metal
hydroxides alone are generally not adequate to maintain a
proper pH and at the same time achieve a suitable
concentration of carbonate and a suitable
carbonate/bicarbonate ratio. Therefore, the alkali metal
hydroxides are usually added to the developer along with

proprietary additives, which tend to be expensive.

Disclosure of the Invention

The principal object of this invention is to provide
an apparatus for recovering and recycling photoresist
developing and stripping chemicals, which allows a
photoresist processing apparatus to be operated
continuously and at a high speed over long intervals.

Another object of the invention is to improve the
efficiency of operation of photoresist processing
equlipment.

Still another object of the i1nvention is to improve
the quality of the products produced by the photoresist

processing equipment.
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The apparatus 1n accordance with the invention is an
1mproved apparatus for processing articles to which a
photoresist has been applied. It has a first circulatory flow
path i1n which a photoresist developing or stripping liquid is
circulated through a photoresist processing stage. It
includes a liquid recovery system comprising a second
circulatory flow path connected to receive a portion of the
liquid from the first circulatory flow path. The second
circulatory flow path includes a tangential filter. That is,
at least a part of the second circulatory flow path is defined
by a porous filter medium, so that a permeate passes out of
the second circulatory flow path through the porous filter
medium as liquid flows through the second circulatory flow
path. In this disclosure and in the claims, “permeate” refers
to that fluid which passes through the filter medium. The
apparatus 1ncludes means for returning the permeate to the
first circulatory flow path.

In a preferred embodiment, the apparatus further
comprising means, 1n the second circulatory flow path, for
accelerating polymerization of polymerizable material in the
liquid flowing through the second circulatory flow path. This
may 1nclude a heating means for heating liquid flowing through
the second circulatory flow path and/or means for exposing
polymerizable material in the liquid flowing through the
second cilrculatory flow path to the ultraviolet radiation.

Concentrated solids are removed from the second
circulatory flow path through a drain, preferably from a
collection tank forming part of the second circulatory flow
path.

Preferably, means are provided for intermittently
interrupting the flow of permeate through the porous filter

medium and effecting a flow of a liquid through the filter
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medium in the reverse direction while flow of liquid
continues through the second circulatory flow path.

Thus, 1n the operation of the apparatus, the
developing or stripping liquid 1is continuously circulated
through the processing stage in the first flow path while a
portion of the circulating liquid is taken out of the first
flow path and passed to a second flow path where it is
subjected to tangential filtration. The second flow path
allows filtration to take place with a minimum of
interruption to the operation the developing and stripping
operations, and without the need for progressive slowing of
the developling and stripping operations. This results in
highly efficient operation and a high quality product.

In using the apparatus for the regeneration of a
photoresist developing solution, carbon dioxide gas is
introduced 1into the developing solution being returned from
the filtration stage. Preferably the carbon dioxide gas is
introduced along with an alkali metal hydroxide, e.q.
sodium hydroxide or potassium hydroxide.

I have discovered that carbon dioxide gas has several
important advantages when used in a continuous developer
regeneration system. In particular, it allows the
developer solution to operate under steady state conditions
with an 1deal pH and carbonate/bicarbonate ratio, so that
the developer solution is at all times like a fresh
developer solution. The carbon dioxide forms a buffer,
preventing the added alkalli metal hydroxide from raising
the pH of the developing solution to levels exceeding the
normal operating range, typically 10.5 to 11.0. This
greatly reduces the likelihood that the pH of the developer
contacting the work would be excessive as a result of
inadequate mixing. Moreover, carbon dioxide is inexpensive

and eliminates the need for expensive proprietary
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additives. The continuous developer regeneration system,
using carbon dioxide gas, also eliminates the formation of
sludges and scum, avoids the need for frequent dumping and
replacement of the developer solution, reduces the waste
stream, avoids degradation of developing speed and 1mproves
sidewall quality.

Other objects, details and advantages of the invention
will be apparent from the following detailed description

when read in conjunction with the drawings.

Brief Description of Drawings

FIG. 1 is a schematic diagram of a DES line, in which
both the developing and stripping stages are equipped with
a recycling system in accordance with the i1nvention; and

FIG. 2 is a schematic of the recycling system, which

can be used with either the developer or the stripper.

Best Mode for Carrying Out the Invention

As shown in FIG. 1, printed circuit boards 10 are

carried by a conveyor made up of spaced, rotating rollers
12 through a series of enclosures 14, 16, 18, 20, 22 and
24. Enclosure 14 is the enclosure for a developing stage,
in which a developing solution, typically a dilute solution
of potassium bicarbonate, 1s circulated by a pump 26
through spray heads 28 above and underneath the rollers.
The developing solution removes the unpolymerized
photoresist, thereby exposing the metallic areas on the
printed circuit boards that are to be etched in the etching
stage.

Enclosure 18 is the enclosure of an etching stage, 1n
which an etchant, typically an alkaline etchant, 1is

circulated through spray heads and applied to the printed
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circuit boards to remove the metal 1n the exposed areas on
the boards.
Enclosure 22 is the enclosure of a stripping stage, in
which a stripping solution, typically a solution containing
5 sodium hydroxide, methylethylamine, ethylenediamine and
tetramethylammonium hydroxide, removes the polymerized film
from the printed circuit boards, thereby exposing the
remaining areas of metal, which are used as electrical
conductors. The stripping solution is circulated in the
10 stripping stage 1n the same manner 1in which it is
circulated in the developing stage.
Enclosures 16, 20 and 24 are rinsing stages in which
water 1s clrculated.
A developer treatment apparatus 30 1s associated with
15 the developing stage, and a stripper treatment apparatus 32 -
1s assoclated with the stripping stage. These treatment
apparatuses cay be substantially identical to each other,
although they may differ 1n certain respects as will be
discussed below. Because the apparatuses 30 and 32 can be
20 substantially i1dentical, only one, the developer treatment
stage 30 1s shown 1n detail in FIG. 2.
Referring to FIG. 2, pump 26 receives developer
collected at the bottom of enclosure 14 through line 34,
and returns a portion of the developer to the spray heads
25 28. Thus, the pump 26 circulates developer in the
developing stage through a first circulatory flow path.
Another portion of the developer 1s drawn from line 34
by a transfer pump 36. This path may include a coarse
prefilter. The transfer pump 36 delivers developer to a
30 collection tank 38 having a conical bottom and a drain line
40 with a valve 42. The collection tank has a float 44,

which operates a control 46. This control operates both
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the pump 36 and a valve 48 to maintain the liquid level in
tank 38 within predetermined limits.

A second circulatory flow path, in the developer
treatment apparatus, comprises tank 38, a pump 50, a heat
exchanger 52, a set 54 of filter modules and an ultraviolet
contactor 56. Liquid 1s pumped through this flow path from
the tank, and through the heat exchanger, filter modules and
ultraviolet contactor back to the tank. A normally closed
valve 58 1is arranged to bypass the filter modules.

The set of filter modules consists of four tangential
filtration modules 60, 62, 64 and 66, connected i1in series.
Each comprises a porous tube, and the porous tubes of the
filter modules together define a portion of the second
circulatory flow path.

The porous tubes used in the filter modules 60-66
preferably incorporate a rigid mineral or metal porous support
and an inner membrane of tough rare earth oxides or
fluoropolymer, which can not only withstand back flushing but
can also operate in high temperatures and withstand rigorous
chemical cleaning when necessary. This avoids the failures
experienced in ultrafiltration and microfiltration using
membranes of polymer composites, which tend to foul easily and
typically are not robust enough to withstand back flushing.
The filter element may be of the kind described in Hoover et
al. United States Patent 4,069,157, dated January 17, 1978.
Suitable ultrafiltration and microfiltration membranes are
well-known to those skilled in the art and are available from
sources such as U.S. Filter Corporation, Rhéne-Poulenc, S.A.,
Graver Separations Inc. and CeraMem Separation, Inc. as well

as from other sources.

Surrounding each porous tube 1s a collector arranged to

receive the permeate passing outwardly from the second
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flow path through the porous tubes. The collectors are
connected 1in parallel and through line 68 to a
pressurizable tank 70 having an air line 72 with a wvalve
74, and an outlet line 76 having a valve 78. Both wvalves
74 and 78 are controlled by timer 80,

Line 76 1s connected through a pH adjustment stage 82
to a return line 84, which delivers pH-adjusted permeate
back to the enclosure 14, where 1t 1s returned to the first
circulatory flow path.

When the apparatus 1s used for developer treatment,
the pH adjustment stage 82 preferably comprises a pH
monitor 86 and a static contactor 88. 1In the pH adjustment
stage shown 1in FIG. 2, the permeate from line 76 flows
through the pH monitor 86, and then through the static
contactor 88 to the return line 84. 1In the static .
contactor 88, carbon dioxide gas and sodium hydroxide
solution or other alkall metal hydroxide solution are
introduced into the permeate stream automatically, under
the control of the pH monitor, at rates such as to produce
the desired pH 1n the return line (typically in the range
of 10.5 to 11) and achieve the desired balance of carbonate
and bicarbonate in the developer.

The control of the carbon dioxide and sodium hydroxide
introduction 1n pH adjustment stage 82 1s a feed-forward
control, 1n which the pH adjustment is based on the
monlitored pH of the permeate in line 76. Feedback controls
can be used either alternatively or 1in combination with the
feed-forward control to control carbon dioxide and sodium
hydroxide introduction in accordance with the pH in the
liquid returning to developing enclosure 14 through line
84, and/or in accordance with the pH of the developer being

circulated 1in the developer stage.
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Pump 50 typically maintains a pressure 1n the range of
2 to 7 atmospheres in the flow path through the filter
modules. The size of filter modules 1s determined on the
basis of the desired flow of clear permeate.

As will be apparent from the above description of the
apparatus, the solutions are subjected to heat, ultraviolet
irradiation, and rigid rare earth oxide membrane filtration
with intermittent back flushing.

The heat applied by heat exchanger 52 helps accelerate
the polymerization of unaged photoresist-laden working
solutions. When using elevated temperatures, caution
should be exercised in order not to exceed the maximum
temperature that the conveyer machilnery can withstand. If
necessary, more temperature-tolerant machinery can be used,
or the solution can be cooled down before being put back

into service.

As the solution flows through the series of filter
modules, the pressure applied to the solution by the
circulation pump 50 causes a permeate stream to pass
through the filter membrane, leaving a concentrated stream
flowing toward the collection tank 38. The permeate 1s
returned after pH adjustment back to developing or the
stripping process.

The concentrate then passes through the ultraviolet
light radiation contactor 56, where the resist skins are
further hardened and sent back into collection tank 38.
When a predetermined concentration of waste solution and
skins 1s reached, material is drained from the bottom of
tank 38 and disposed of 1in accordance wlith applicable laws.

An advantage of the tangential filtration is that the
flow of liquid through the filter modules prevents solids

from building up on the filter medium. Consequently, the

_10_
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filter modules can be operated efficiently over long
periods of time.

Even under i1deal conditions, a thin laver of filter
cake will form on the filter medium, and will tend to
impalr the efficiency of the filtration. To ensure that
the filter modules continue to operate efficiently, the
permeate flow through tank 70 is intermittently stopped and
reversed. Tank 70 1s pressurized by the flow of air into
it through line 72 for a short period of time to
facilitating the reverse flow of the permeate through the
filter membrane. This reverse flow clears away filter cake
and other obstructions, maintaining a high permeate flow
rate. The i1ntermittent reverse flow through the filter
medla can take place without interrupting circulation of
liquld through the circulatory path comprising the filters,
collection tank 38, the heat exchanger 52 and the
ultraviolet contactor 56.

By-pass valve 58, when opened, allows the filter
modules to be repaired or replaced. It may also be opened
to circulate developing solution through the ultraviolet
contactor 56 without passing it through the filter modules,
so that the particles carried by the circulating developing
solution can be hardened more effectively by ultraviolet
radiation. This reduces the likelihood of blinding of the
filter modules when flow through the filter modules is

restored.

Industrial Applicability

The apparatus in accordance with the invention can be
used to processes various photoresist-containing solutions
from the developing or stripping stage of a photo-imaging
process such as used 1n the manufacture of printed circuit

boards, chemical milling, semiconductor manufacture, and

- 11 =~
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printing. The invention allows these solutions to be
processed continuously over a long period of time under

steady state conditions.

The invention represents a significant departure from
the conventional methods for processing photoresist-laden
developing and stripping solutions. Instead of the
conventional batch process, 1in which working solutions are
used until spent, the invention affords steady-state
process in which the photoresist polymer (skins) are
rapidly and continuously removed, rendering the working
solution immediately and continuously reusable. This
steady—-state processing does not allow the polymer, or the
dve in the polymer, time to react wlith or dissolve into the
developing solution or stripping solution. This not only
reduces the amount of fresh solution necessary, but avoilds

the nozzle clogging and sump cleaning problems that are

experienced in the operation of conventional equipment. It
also allows continued operation at the higher conveyer
speeds that are typically possible with fresh solution.

This invention employs several technologlies together.
Rigid porous membranes made from ceramics, carbon, or
stainless steel support varlious rare earth-ilmpregnated
oxides using sol-gel process to achieve a very low fouling,
back flushable, and high temperature, stable
ultrafiltration or microfiltration modules.

These modules, 1n combination with the heat exchanger,
ultraviolet light contactor, and the l1ntermittent back
flushing mechanism, make possible a continuous process for
recycling photoresist developer and stripper solution

immediately back to service, while generating a highly

concentrated waste.




CA 02268903 1999-04-15

WO 98/17483 PCT/US97/19039

This apparatus can be assembled from parts and
components that are commonly available and known to those
skilled in the art.

Various modifications can be made to the apparatus

5 described, and to the method of its operation. For
example, the processing unit can be located immediately
adjacent to the developing or strippiling apparatus which it
serves, Or can be remotely located and connected by piping
to the appropriate developer or stripper machinery. In the

10 case of recycling of developer, the heat exchanger,
although desirable for promoting polymerization, can be
eliminated. Similarly, 1in the recycling of stripper
solution, the ultraviolet contactor, although desirable for
eliminating tackiness in the filtered solids, can be

15 eliminated. If desired, the processing unit can also
operate 1in a batch treatment mode, and can be located
anywhere space permlits, even 1n a waste treatment area.

Still other modifications may be made to the apparatus
and method described above without departing from the scope

20 of the invention as defined in the following claims.

.....13_
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Claims

What 1s claimed 1is:

1. In an apparatus for processing articles to which a
photoresist has been applied, the apparatus having a first
circulatory flow path (34, 26, 28) in which a liquid from the
group consisting of photoresist developing and stripping liquids

1s circulated through a photoresist processing stage, a liquid

recovery system characterized by:

a second circulatory flow path (36, 54) connected to

recelve a portion of the liquid from the first circulatory
flow path, at least a part of the second circulatory flow
path being defined by a porous filter medium (54), whereby
a permeate passes out of the second circulatory flow path

through the porous filter medium as liquid flows through

the second circulatory flow path; and

means (84) for carrying the permeate passing out of the

second circulatory flow path through the porous filter

medium to the first circulatory flow path.

2. Apparatus according to claim 1 further comprising
means (52), in the second circulatory flow path, for accelerating

polymerization of polymerizable material in the liquid flowing

through the second circulatory flow path.

3. Apparatus according to claim 1 further comprising

means (52) for heating liquid flowing through the second

circulatory flow path.

4 . Apparatus according to claim 1 further comprising
means (56) for exposing polymerizable material in the liquid

flowing through the second circulatory flow path to radiation.
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5. Apparatus according to claim 1 further comprising
means (52, 56) for applying both heat and radiation to liquid

flowing through the second circulatory flow path.

6 . Apparatus according to claim 1 including a drain

(40) for removing concentrated solids from the second circulatory

flow path.

7. Apparatus according to claim 1 in which the second
circulatory flow path includes a collection tank
(38) and a drain (40) in the collection tank for removing

concentrated solids from the second circulatory flow path.

8. Apparatus according to claim 1 including means (72, 74,
78) for intermittently interrupting the flow of permeate through
the porous filter medium and effecting a flow of liquid through
the filter medium in the reverse direction while flow of liquid

continues through the second circulatory flow path.

9. Apparatus according to claim 1 further comprising
means (52), 1n the second circulatory flow path, for accelerating
polymerization of polymerizable material in the liquid flowing
through the second circulatory flow path, and also including a
valued by-pass path (58) permitting circulation of liquid through
the accelerating means without flowing through the part of the

second circulatory flow path defined by the porous filter medium.

10. Apparatus according to claim 1 in which the liquid
circulated in the first circulatory flow path is the photoresist
developing liquid, and including means (88) for introducing
carbon dioxide gas into the permeate passing out of the second

circulatory flow path through the porous filter medium to the



CA 02268903 2005-05-04

first circulatory flow path.

11. Apparatus according to claim 10 including means (86)
for monitoring the pH of the permeate after 1t passes through the
porous filter medium but before the carbon dioxide gas 1is
introduced into the permeate, and means (88), responsive to the

pH monitoring means, for controlling the rate of introduction of

the carbon dioxide gas into the permeate.

12. Apparatus according to claim 10 also i1ncluding means
for introducing an alkali metal hydroxide into the permeate along

with carbon dioxide gas.

13. Apparatus according to claim 12 including means (86}
for monitoring the pH of the permeate after it passes through the
porous filter medium but before carbon dioxide gas and alkali
metal hydroxide are introduced into the permeate, and means (88),
responsive to the pH monitoring means, for controlling the rate

of introduction of carbon dioxide gas and alkali metal hydroxide

into the permeate.

14. Apparatus according to claim 1 in which said porous

filter medium comprises a rigid porous membrane made from

ceramics.

15. Apparatus according to claim 1 in which said porous

filter medium comprises a rare earth oxide.

16. Apparatus according to claim 1 including a conveyor
for carrying the articles to which the photoresist has been
applied, and in which the first circulatory flow path includes an
enclosure (14) through which the conveyor extends and in which

photoresist processing takes place, said enclosure having an

- 16 -
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interior and a bottom, a line (34) connected to said bottom of
the enclosure for drawing off liquid therefrom, and means for
returning liguid drawn off through said line (34) to the interior
of the enclosure and directing said liquid drawn off through said

line (34) into contact with articles on said conveyor.

17. Apparatus according to claim 16 in which said porous
filter medium comprises a rigid porous membrane made from

ceramics.

18. Apparatus according to claim 16 1in which said porous

filter medium comprises a rare earth oxide.

19. Apparatus according to claim 1 in which the first
circulatory flow path includes an enclosure (14) in which
photoresist processing takes place, said enclosure having an
interior, and in which the means (84) for carrying the permeate
to the first circulatory flow path is a line connected directly
to the interior of said enclosure, whereby the permeate 1is

returned to the first circulatory flow path within said enclosure.

20. Apparatus according to claim 1 including a pump (26)

for circulating ligquid in said first circulatory flow path.

21. Apparatus according to claim 1 including a pump (36)
for transferring liquid from the first circulatory flow path to

the second circulatory flow path.

22. Apparatus according to claim 1 including a conveyor
for carrying the articles to which the photoresist has been
applied, and in which the first circulatory flow path includes an
enclosure (14) through which the conveyor extends and in which

photoresist processing takes place, said enclosure having an

- 17 -
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interior and a bottom, a line (34) connected to said bottom of
the enclosure for drawing off liquid therefrom, a set of spray
heads (28) above said conveyor for directing liquid into contact

with articles on said conveyor, and means for returning liquid

drawn off through said line (34) to said spray heads.

23. Apparatus according to claim 1 including a conveyor
for carrying the articles to which the photoresist has been
applied, and in which the first circulatory flow path includes an
enclosure (14) through which the conveyor extends and in which
photoresist processing takes place, said enclosure having an
interior and a bottom, a line (34) connected to said bottom of
the enclosure for drawing off liquid therefrom, a set of spray
heads (28) below said conveyor for directing liquid into contact

with articles on said conveyor, and means for returning liquid

drawn off through said line (34) to said spray heads.

24 . Apparatus according to claim 1 including a conveyor
for carrying the articles to which the photoresist has been
applied, and in which the first circulatory flow path includes an
enclosure (14) through which the conveyor extends and in which
photoresist processing takes place, sald enclosure having an
interior and a bottom, a line (34) connected to said bottom of
the enclosure for drawing off liquid therefrom, a set of spray
heads (28) above said conveyor and a set of spray heads (28)
below said conveyor said spray heads being arranged to direct
ligquid into contact with articles on said conveyor, and means for

returning liquid drawn off through said line (34) to said spray

heads.

25. Apparatus according to claim 1 including a conveyor
for carrying the articles to which the photoresist has been

applied, and in which the first circulatory flow path i1ncludes
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liquid delivery means directing liquid into contact with both a

top and a bottom side of said articles.

26. An apparatus for processing articles to which a
photoresist has been applied comprising first and second
photoresist processing stages and a conveyor for carrying said
articles along a path sequentially through said first and second
photoresist processing stages, each said processing stage having:

a first circulatory flow path (34, 26, 28) in which a

liguid is circulated, the liquid circulated in the first

stage being a photoresist developing liquid, and the liquid
in the second stage being a photoresist stripping liquid;
and

a liquid recovery system characterized by:

a second circulatory flow path (36, 54) connected to

receive a portion of the liquid from the first circulatory

flow path, at feast a part of the second circulatory flow
path being defined by a porous filter medium (54), whereby

a permeate passes out of the second circulatory flow path

through the porous filter medium as liquid flows through

the second circulatory flow path; and

means (84) for carrying the permeate passing out of the

second circulatory flow path through the porous filter

medium to the first circulatory flow path.

27. A method of processing articles to which a photoresist
has been applied, comprising the steps of:

circulating a liquid from the group consisting of

photoresist developing and stripping liquids through a

photoresist processing stage in a first circulatory flow

path (34, 26, 28);
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passing a portion of said liquid from the first circulatory

flow path into a second circulatory flow path at least a

part of which i1s defined by a porous filter medium (54);

causing said portion of said liquid to circulate through

the second circulatory flow path, whereby a permeate passes

out of the second circulatory flow path through the porous

filter medium; and

carrying the permeate passing out of the second circulatory
flow path

through the porous filter medium to the first

circulatory flow path.

28. The method according to claim 27 in which the porous
filter medium comprises a rigid porous membrane made from

ceramics.

29. The method according to claim 27 in which said porous

filter medium comprises a rare earth oxide.

30. The method according to claim 27 in which the liquid
flowing through the second circulatory flow path 1s passed
through means (52), 1n the second circulatory flow path, for

accelerating polymerization of polymerizable material.

31. The method according to claim 27 in which the liquid
flowing through the second circulatory flow path 1s passed

through heating means (52) in the second circulatory flow path.

32. The method according to claim 27 in which the liquid
flowing through the second circulatory flow path 1s exposed to

radiation 1n the second circulatory flow path.

33. The method according to claim 27 in which the liquid

- 20 -
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flowing through the second circulatory flow path 1s exposed to

both heat and radiation in the second circulatory flow path.

34, The method according to claim 27 in which concentrated

solids are removed from the second circulatory flow path.

35. The method according to claim 27 in which the second
circulatory flow path includes a collection tank (38) and a drailn

(40) in the collection tank for removing concentrated solids from

the second circulatory flow path.

36. The method according to claim 27 in which the flow of
permeate through the porous filter medium 1s interrupted
intermittently and in which a flow of liquid 1is effected through

the filter medium in the reverse direction while flow of liquid

continues through the second circulatory flow path.

37. The method according to claim 27 in which the liquid
flowing through the second circulatory flow path 1s passed
through means (52), in the second circulatory flow path, for
accelerating polymerization of polymerizable material, and in
which, before circulating liquid through the part of the second
circulatory flow path defined by the porous filter medium, liquid
1s clirculated through the accelerating means without flowing

through said part of the second circulatory flow path.

38. A method according to claim 27 in which the liquid
circulated through the first circulatory flow path is the
photoresist developing liguid, and including the step of

introducing carbon dioxide gas into said permeate.

39. The method according to claim 38 in which the porous

filter medium comprises a rigid porous membrane made from

- 21 -
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ceramics.

40. The method according to claim 38 in which said porous

filter medium comprises a rare earth oxide.

41 . A method according to claim 38,in which the
photoresist developing liquid comprising a developer from the

group consisting of potassium carbonate and sodium carbonate.

42. A method according to claim 38 in which the pH of the
permeate is monitored after 1t passes through the porous filter
medium but before the carbon dioxide gas is introduced into the
permeate, and in which the rate of introduction of carbon dioxide
gas 1nto the permeate is controlled automatically in response to

the monitored pH.

43. A method according to c¢laim 38 in which an alkali
metal hydroxide is introduced into the permeate along with the

carbon dioxide gas.

44. A method according to claim 43 in which the pH of the
permeate 1s monitored after it passes through the porous filter
medium but before the carbon dioxide gas and the alkali metal
hydroxide are introduced into the permeate, and in which the rate
of introduction of the carbon dioxide gas and the alkali metal
hydroxlde into the permeate is controlled automatically in

response to the monitored pH.

45. A method according to claim 27 in which the liquid
circulated in said first circulatory flow path is brought into
contact with said articles within an enclosure and circulated

through said enclosure by means of a pump.
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46. A method according to claim 27 in which the liquid
circulated in said first circulatory flow path is brought into
contact with said articles within an enclosure, and in which the
step of carrying the permeate passing out of the second
clirculatory flow path to the first circulatory flow path 1is

carried out by returning said permeate directly to the interior

of said enclosure.

47. A method according to claim 27 in which the step of
circulating a liquid through a photoresist processing stage 1is

carried out by pumping said liquid.

48. A method according to claim 27 in which the step of
passing a portion of said liquid from the first circulatory flow
path into a second circulatory flow path is carried out by

pumping said liquid.

49. A method according to claim 27 1n which the liquid
circulated in said first circulatory flow path 1is brought into
contact with said articles by releasing the liguid through spray

heads located above the articles.

50. A method according to claim 27 in which the liquid
circulated in said first circulatory flow path i1s brought into
contact with said articles by releasing the liquid through spray

heads located below the articles.

51. A method according to claim 27 in which the liquid
circulated in said first circulatory flow path is brought into

contact with said articles by releasing the liquid through spray
heads located above the articles and through spray heads located

below the articles.
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52. A method according to claim 27 in which the liquid
circulated in said first circulatory flow path is brought into

contact with both tops and bottoms of said articles.

53. A method of processing articles to which a photoresist
has been applied, comprising the steps of:
convéying said articles sequentially through first and
second photoresist processing stages;
circulating a photoresist developing liquid through the
first photoresist processing stage in a first circulatory
flow path (34, 26, 28) of said first photoresist processing
stage;
circulating a photoresist stripping liquid through the
second photoresist processing stage in a first circulatory
flow path (34, 26, 28) of said second photoresist
processing stage; and
passing a portion of the liquid from the first circulatory
flow path in each stage into a second circulatory flow path
of the same stage, at least a part of the second
circulatory flow path of each stage being defined by a
porous filter medium (54);
causing said portion of said liquid passed from the first
circulatory flow path of each stage to circulate through
the second circulatory flow path of the same stage, whereby
a permeate passes out of the second circulatory flow path
of each stage through the porous filter medium thereof; and
carrying the permeate passing out of the second circulatory
flow path of each stage through the porous filter medium to

the first circulatory flow path of the same stage.

54. A method of making printed circuit boards,
semiconductors, chemically milled products or printed products

comprising the steps of applying a photoresist. to a substrate
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prior to etching, exposing and developing the photoresist, and
etching the substrate; wherein the developing step 1s carried out
by:
circulating a photoresist developing ligquid through a
photoresist processing stage in a first circulatory flow
path (34, 26, 28);
passing a portion of said liquid from the first circulatory
flow path into a second circulatory flow path at least a
part of which is defined by a porous filter medium (54);
causing said portion of said liquid to circulate through
the second circulatory flow path, whereby a permeate passes
out of the second circulatory flow path through the porous
filter medium;
injecting carbon dioxide gas into said permeate; and
carrying the permeate passing out of the second circulatory
flow path through the porous filter medium to the first

circulatory flow path.
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