STACKABLE AIR FILTER MODULE

BACKGROUND
Field of Invention
[0001] The present invention relates to an air filter module. More particularly, the

present invention relates to an air filter module for a clean room system.

Description of Related Art

[0002] Both the semiconductor and optoelectronic industries require large areas
of clean room space to place their production lines inside to meet the required
process requirements. When the factory area of the clean room system is
growing, the air filtration system corresponding to the demand is also gradually

large, and the requirements for the filtration effect are gradually increased.

[0003] Air filtration system in the front section of the top of the factory area of
the traditional clean room system is mostly based on a metal frame, and the
filter gas portion is filled into the metal frame, and then the gel is bonded to
ensure airtightness. When the filter unit loses its effectiveness, the metal frame
and the filter unit are removed as a whole for subsequent environmental

protection.

[0004] Periodically replacing a large number of air filter modules in the air
filtration system of the clean room system is needed, and the cost of the air filter

module and the labor cost of replacement are both expensive.



SUMMARY
[0005] The present invention provides a stackable air filter module to resolve the

problem in the prior art.

[0006] According to an embodiment of the disclosure, a stackable air filter
module includes a base gas filter unit and at least one additional gas filter unit.
The base gas filter unit includes a metal frame and at least one first filter body
located within at least one filter channel of the metal frame. The additional gas
filter unit is detachably superposed on the base gas filter unit, and the additional
gas filter unit includes a filter frame and a second filter body located within a
filter channel of the filter frame. The filter materials contained in the first filter
body have a service life greater than that of filter materials contained in the

second filter body.

[0007] In an embodiment of the disclosure, filter materials contained in the first
filter body have the service life two times greater than that of filter materials

contained in the second filter body.

[0008] In an embodiment of the disclosure, the filter channel of the metal frame

has a cross-sectional area equal to that of the filter channel of the filter frame.

[0009] In an embodiment of the disclosure, the air filter module further include at
least one second additional gas filter unit detachably superposed on the at least
one additional gas filter unit, the second additional gas filter unit includes a third
filter body, wherein filter materials contained in the second filter body have a

service life greater than that of filter materials contained in the third filter body.

[0010] In an embodiment of the disclosure, the filter frame is made from metal

materials.



[0011] In an embodiment of the disclosure, the filter frame is made from

non-metal fireproof materials.

[0012] In an embodiment of the disclosure, the filter frame includes an outer
metal frame and an inner non-metal fireproof frame, and the filter channel of the
metal frame has a cross-sectional area equal to that of the filter channel of the

filter frame.

[0013] In an embodiment of the disclosure, the inner non-metal fireproof frame
has a lower surface that is mutually complementary to an upper surface of the

metal frame to form an airtight interface.

[0014] In an embodiment of the disclosure, the at least one filter channel of the

metal frame includes multiple filter channels.

[0015] In an embodiment of the disclosure, the metal frame has a height greater

than or equal to that of the filter frame.

[0016] In sum, the air filter module of the present invention includes a base gas
filter unit and an additional gas filter unit, and the service life of the filter material
contained in the base gas filter unit is greater than the service life of the filter
material contained in the additional gas filter unit. In order to reduce a replace
frequency of or not replace the base gas filter unit, increasing a replace
frequency of or replacing only the additional gas filter unit containing the
short-life filter material, a total frequency of replacing the gas filter units in the
air filter module can be reduced. In addition, the air filter module utilizes the
airtight interface between the gas filter units, which enable the gas filter units to
be vertically stacked without the glue, and has a positioning function to prevent

the left and right offset of the stacked gas filter units.



[0017] It is to be understood that both the foregoing general description and the
following detailed description are by examples, and are intended to provide

further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] The invention can be more fully understood by reading the following
detailed description of the embodiment, with reference made to the

accompanying drawings as follows:

[0019] Fig. 1 illustrates a perspective view of a stackable air filter module

according to an embodiment of the disclosure;
[0020] Fig. 2 illustrates an enlarged view of a portion 102 of Fig. 1;
[0021] Fig. 3 illustrates a cross-sectional view taken from the line 3-3 in Fig. 1;

[0022] Fig. 4 illustrates a cross-sectional view of a stackable air filter module

according to another embodiment of the disclosure;

[0023] Fig. 5 illustrates a cross-sectional view of a stackable air filter module

according to still another embodiment of the disclosure; and

[0024] Fig. 6 illustrates a cross-sectional view of a stackable air filter module

according to still another embodiment of the disclosure.

DETAILED DESCRIPTION
[0025] Reference will now be made in detail to the present embodiments of the

invention, examples of which are illustrated in the accompanying drawings.



Wherever possible, the same reference numbers are used in the drawings and

the description to refer to the same or like parts.

[0026] Reference is made to Figs. 1-3. Fig. 1 illustrates a perspective view of a
stackable air filter module according to an embodiment of the disclosure, Fig. 2
illustrates an enlarged view of a portion 102 of Fig. 1, and Fig. 3 illustrates a
cross-sectional view taken from the line 3-3 in Fig. 1. A stackable air filter
module 100 includes a base gas filter unit 106 and at least one additional gas
filter unit 110. The base gas filter unit 106 includes a metal frame 106a and at
least one filter body 106b located in the filter channel 104 of the metal frame
106a. The filter body 106b contains required filter materials 106c. The metal
frame 106a may include one or more filter channels 104. An additional gas filter
unit 110 is detachably superposed over the base gas filter unit 106 to cover one

or more filter channels 104 (only one additional gas filter unit 110 is shown).

[0027] Each additional gas filter unit 110 includes a filter frame 110a and a filter
body 110b, which is located in a filter channel 114 of the filter frame 110a. The

filter body 110b contains required filter materials 110e.

[0028] In this embodiment, the filter body 106b or the filter body 110b is folded
into a wave shape and then adhered to the filter channel of the filter frame, but

the filter body is not limited to the folded shape shown in the drawings.

[0029] When the additional gas filter unit 110 is vertically superimposed on an
upper surface of the metal frame 106a, the filter channel 114 of each additional
gas filter unit 110 is aligned with a corresponding filter channel 104. In other
words, a cross-sectional area of the filter channel 104 and a cross-sectional

area of the filter channel 114 are equal. Similarly, multiple additional gas filter



units 110 may be vertically stacked, and the filter channels 114 thereof are

aligned and share substantially the same cross-sectional areas.

[0030] In an embodiment of present invention, the filter body 106b has a service
life of filter materials that is greater than that of the filter materials contained in
the filter body 110b. In another embodiment of the present invention, the filter
body 106b has a service life of filter materials higher than twice the service life
of the filter materials contained in the filter body 110b. For example, the filter
body 106b has a service life of filter materials exceeding 24 months, and the
filter body 110b contains filter materials with a service life of about 12 months,
but not limited to this. Utilizing filter materials with different service life time for
the base gas filter unit and the additional gas filter unit is configured to reduce a
frequency of or not replace the base gas filter unit, and to increase a replace
frequency of or replace only the additional gas filter unit 110 containing filter
materials with shorter service life time such that a total frequency of replacing

the gas filter units as a whole can be reduced.

[0031] If more than two layers of additional gas filter unit 110 are superimposed
above the base gas filter unit 106, the service life of the filter materials
contained in the lower additional gas filter unit 110 may be greater than that of
the filter materials contained in the upper additional gas filter unit 110. That is,
the service life times of the filter materials contained in the gas filter units are
reduced from lower one to upper one. Utilizing two layers of additional gas filter
unit 110 can also reduce a total disassembly frequency of the additional gas

filter units 110.



[0032] Conventionally, a metal frame of a gas filtering unit is designed to have a
replaceable filter body, but the metal processing cost is high. The metal frame
with a pullout design to swap the replaceable filter body is much higher in
manufacturing cost than a general metal frame without the pullout design.
Moreover, the metal frame with the pullout design is also more susceptible to
damage than the general metal frame without the pullout design, and thus

increases an overall cost of the air filtration system.

[0033] The filter materials contained in the filter body include chemical carbon
materials such as activated carbon, ion exchange resin, modified alumina,
modified zeolite, and modified activated carbon, but are not limited thereto. The
above filter materials are used to treat four types of airborne molecular
pollutants in a clean room including: (1) Acids: Corrosive substances, which
have the reaction characteristics of electron acceptors in chemical reactions,
such as hydrofluoric acid, sulfuric acid, hydrochloric acid, nitric acid, phosphoric
acid, and hydrobromic acid, and referred as MA; (2) Alkaline contaminants
(Bases): also corrosive substances, which are electron donors in chemical
reactions. Such compounds are prone to react with acidic substances to
produce salts such as ammonia, ammonium hydroxide, methyl ammonia, or
Dimethylammonium, diethanolamine, and referred as MB; (3) Condensables: A
chemical substance (except water) that has a boiling point above room
temperature and can condense on a clean surface at atmospheric pressure, so
it will condense on the wafer at a semiconductor plant, such as: Silicone, or
hydrocarbon Compound, and referred as MC; and (4) Dopants: Chemical

elements that change the electrical properties of semiconductor materials, such



as boron (B, usually boric acid or boron trifluoride), phosphorus (P, usually

organophosphorus), or arsenic (As, usually Arsenate), and referred as MD.

[0034] Different clean rooms may have different demands for the filter materials
contained in the filter body due to different production products, and the service
life of the filter materials will also be different. Therefore, the filter materials to
be contained in the base gas filter unit 106 and the additional gas filter unit 110

designed for different clean room systems may have great differences.

[0035] The filter body 110b of each additional gas filter unit 110 is aligned with
the corresponding filter channel 104 and the filter body 106b therein. One or
more additional gas filter units 110 are superimposed on top of a single filter
channel 104. When the additional gas filter unit 110 is vertically superposed on
the base gas filter unit 106 or when the plurality of additional gas filter units 110
are vertically overlapped with each other, the vertical joint faces need to be
airtight, so that all the gas to be filtered is filtered through the filter body. To

prevent leakage through the joint surface.

[0036] The filter body 110b of each additional gas filter unit 110 is aligned with
the corresponding filter channel 104 and the filter body 106b therein. One or
more additional gas filter units 110 may be superimposed above a single filter
channel 104. When the additional gas filter unit 110 is vertically superposed on
the base gas filter unit 106 or when multiple additional gas filter units 110 are
vertically overlapped with each other, a joint interface need to be airtight such
that gas is filtered through the filter body and leakage through the joint interface

can be avoided.



[0037] The metal frame 106a has an upper surface, and the filter frame 110a of
each additional gas filter unit 110 has a lower surface mutually complementary
to the upper surface of the metal frame 106a to form an airtight interface such
that gas leakage through the joint interface can be avoided. For example, the
upper surface of the metal frame 106a has a convex member 108 (the
remaining upper surface is a flat surface), and the lower surface of the filter
frame 110a of each additional gas filter unit 110 has a concave member 110d
(the remaining lower surface is a flat surface). When the lower surface of the
filter frame 110a of each of the additional gas filter units 110 contacts the upper
surface of the corresponding metal frame 106a and the convex member 108
and the concave member 110d are mutually complementary to each other, a

hermetic or airtight interface 109 is formed.

[0038] When multiple additional gas filter units 110 are vertically stacked one
upon another, a hermetic or airtight interface is also required between
immediately-adjacent two gas filter units. For example, the lower surface of the
filter frame 110a of each additional gas filter unit 110 has a concave member
110d (the remaining lower surface is a flat surface), and the upper surface of
the filter frame 110a of each additional gas filter unit 110 has a convex member
110c (the remaining upper surface is a flat surface). When the upper surface of
the filter frame 110a of the lower additional gas filter units 110 contacts the
lower surface of the filter frame 110a of the upper additional gas filter unit 110,
and the convex member 110c and the concave member 110d are mutually
complementary to each other, a hermetic or airtight interface can be formed.
In other words, the filter frame 110a of each additional gas filter unit 110 has an

upper surface identical to the upper surface of the metal frame 106a.
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[0039] The filter frame 110a of the additional gas filter unit 110 is made of a
metal or non-metal fireproof material (for example, a hard plastic material) for
the purpose of supporting the filter body 110b, but is not limited thereto. When
the additional gas filter unit 110 is vertically overlapped or superposed on the
upper surface of the metal frame 106a, the hermetic or airtight interface can be
brought to the required airtightness by the overall weight, and the adhesive
material is not required in the hermetic or airtight interface. When the additional
gas filter unit 110 is subsequently removed, the time consuming steps of

removing the adhesive material can be avoided.

[0040] Reference is made to Fig. 4, which illustrates a cross-sectional view of a
stackable air filter module according to another embodiment of the disclosure.
The filter frame of the additional gas filter unit 110 of this embodiment is
different from the foregoing embodiment. Specifically, the filter frame of the
additional gas filter unit 110 includes an outer metal frame 110a" and an inner
non-metal fireproof frame 110a', thereby reducing the weight. The airtight
interface between the convex member 110c and the concave member 110d is
located at the inner non-metal fireproof frame 110a' because the non-metal
fireproof material is easier to process the airtight joint interface than the metal
material. The outer metal frame 110a" is generally higher in fire resistance than
the inner non-metal fireproof frame 110a' such that the outer metal frame
surrounds the inner non-metal fireproof frame can increase the overall fire

resistance and refractory rating of the composite frame.

[0041] Reference is made to Fig. 5, which illustrates a cross-sectional view of a

stackable air filter module according to still another embodiment of the
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disclosure. In this embodiment, the upper surface of the metal frame 106a has a
concave member 108' (the remaining upper surface is a flat surface), and the
lower surface of the filter frame 110a of each additional gas filter unit 110 has a
convex member 110d' (the remaining lower surface is a flat surface). When the
lower surface of the filter frame 110a of each additional gas filter unit 110
contacts the upper surface of the corresponding metal frame 106a, and the
concave member 108 and the convex member 110d" are mutually

complementary to each other, a hermetic or airtight interface 109 is formed.

[0042] In addition, the upper surface of the filter frame 110a of each additional
gas filter unit 110 also has a concave member 110c'. In other words, the filter
frame 110a of each additional gas filter unit 110 has an upper surface identical
to the upper surface of the metal frame 106a such that multiple additional gas

filter units 110 can be vertically stacked.

[0043] Reference is made to Fig. 6, which illustrates a cross-sectional view of a
stackable air filter module according to still another embodiment of the
disclosure. In the embodiment, a multilayer filter body 106b is adhered within
the metal frame 106a of the base gas filter unit 106. The filter materials 106¢c
contained in the different layers of the filter body 106b may be different or the
same, but their service life times are basically similar. In this embodiment, the
filter body 106b contains a filter material 106c that has a service life greater
than that of the filter body 110b. The height H1 of the metal frame 106a is

greater than or equal to the height H2 of the filter frame 110a.

[0044] In sum, the air filter module of the present invention includes a base gas

filter unit and an additional gas filter unit, and the service life of the filter material
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contained in the base gas filter unit is greater than the service life of the filter
material contained in the additional gas filter unit. In order to reduce a replace
frequency of or not replace the base gas filter unit, increasing a replace
frequency of or replacing only the additional gas filter unit containing the
short-life filter material, a total frequency of replacing the gas filter units in the
air filter module can be reduced. In addition, the air filter module utilizes the
airtight interface between the gas filter units, which enable the gas filter units to
be vertically stacked without the glue, and has a positioning function to prevent

the left and right offset of the stacked gas filter units.
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WHAT IS CLAIMED IS:

1. A stackable air filter module, comprising:

a base gas filter unit comprising a metal frame and at least one first filter
body disposed within at least one filter channel of the metal frame; and

at least one additional gas filter unit detachably superposed on the base
gas filter unit, the additional gas filter unit comprising a filter frame and a second
filter body disposed within a filter channel of the filter frame, wherein filter
materials contained in the first filter body having a service life greater than that

of filter materials contained in the second filter body.

2. The stackable air filter module of claim 1, wherein filter materials
contained in the first filter body have the service life two times greater than that

of filter materials contained in the second filter body.

3. The stackable air filter module of claim 1, wherein the filter channel of
the metal frame has a cross-sectional area equal to that of the filter channel of

the filter frame.

4. The stackable air filter module of claim 1 further comprising at least
one second additional gas filter unit detachably superposed on the at least one
additional gas filter unit, the second additional gas filter unit comprises a third
filter body, wherein filter materials contained in the second filter body have a

service life greater than that of filter materials contained in the third filter body.
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5. The stackable air filter module of claim 1, wherein the filter frame is

made from metal materials.

6. The stackable air filter module of claim 1, wherein the filter frame is

made from non-metal fireproof materials.

7. The stackable air filter module of claim 1, wherein the filter frame
comprises an outer metal frame and an inner non-metal fireproof frame, and the
filter channel of the metal frame has a cross-sectional area equal to that of the

filter channel of the filter frame.

8. The stackable air filter module of claim 7, wherein the inner non-metal
fireproof frame has a lower surface that is mutually complementary to an upper

surface of the metal frame to form an airtight interface.

9. The stackable air filter module of claim 1, wherein the at least one filter

channel of the metal frame comprises multiple filter channels.

10. The stackable air filter module of claim 1, wherein the metal frame

has a height greater than or equal to that of the filter frame.



