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ABSTRACT 

A flat-folding mask includes a filter layer forming a rim. The 
filter layer has first and second side panels extending from the 
rim. A substantially centrally located front panel bridges the 
first and second side panels, the front panel being Substan 
tially flat. The filter layer further includes a fused portion that 
is seamless and spaced from the rim. Triangular pleats may 
add support to the side walls and increase the effective filtra 
tion area of the mask. 
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FIG. If 
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Step 300 
Form Stiff Portions 
On Sheet of Material 

Step 301 
Fold Sheet Of Materia 

Step 302 
Reshape Ends 

Step 303 
Connect Reshaped Ends 

Step 304 
Form Pleats 

FIG. 3 
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FIG. 9 
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STIFFENED FILTER MASK 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. 10/423,382, filed Apr. 25, 2003, 
entitled “Face Mask and Method of Manufacturing the 
Same,” which claims priority from U.S. provisional applica 
tion No. 60/386.297, filed Jun. 5, 2002. Each of the above 
mentioned applications is hereby incorporated herein by ref 
CCC. 

TECHNICAL FIELD 

0002 The present invention relates generally to face 
masks and, more particularly, the invention relates to face 
masks used to filter air breathed by people wearing Such face 
masks. 

BACKGROUND ART 

0003 Air filtration masks (referred to herein as “filter 
masks”) are widely used to protect people from air borne 
contaminants and gasses. For example, air borne dust par 
ticles are a known hazard commonly on work sites. Conse 
quently, workers normally wear filter masks to avoid inhaling 
the dust particles. To that end, filter masks used in this appli 
cation are manufactured with a filter material specified to 
prevent, among other things, a Substantial majority of dust 
particles from being inhaled by the worker. 
0004. In addition to primarily filtering inhaled air, some 

filter masks are specifically manufactured to filter both 
inhaled and exhaled air. For example, hospital staff often wear 
filter masks to prevent both their germs from infecting 
patients, and patients’ germs from infecting them. 
0005. There is a need in the art to improve the filtration 
efficiency of filter masks. Accordingly, filter masks with a 
higher efficiency filter layer and/or multiple filter layers have 
been developed for that purpose. However, this often has the 
undesirable effect of increasing the air resistance through the 
filter mask and may cause several problems. 
0006 For example, a person wearing the filter mask may 
have a more difficult time breathing due to the increased air 
resistance. To overcome this problem while still providing 
improved filtration efficiency, filter masks have been devel 
oped that have an increased filter area. Manufacture of such 
filter masks, however, can be quite complex. For example, 
increasing the filter area can cause various portions of the 
filter layer to overlap or can be costly to construct. Overlap 
can effectively increase the thickness of the filter layer, thus 
causing the same air resistance problem as discussed above. 
0007 Additionally, since aperson wearing the mask while 
performing manual labor must typically breathe heavier, the 
filter layer(s) is more likely to flex and eventually collapse 
around the face. This collapse may cause portions of the face 
mask to contact and irritate the face of the person wearing the 
face mask, as well as cause discomfort. Consequently, efforts 
have been made to stiffen the mask, Such as by adding addi 
tional material to the filter mask. However, adding additional 
material to the face mask adds complexity to the production 
process and increases cost. 

SUMMARY OF THE INVENTION 

0008. In accordance with one aspect of the invention, a 
flat-folding mask includes a filter layer forming a rim. First 
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and second side panels extend from the rim to a front panel. A 
substantially centrally located front panel bridges the first and 
second side panels, the front panel being Substantially flat. 
The filter layer includes a fused portion spaced from the rim. 
The fused portion is seamless. 
0009. In related embodiments, the filter layer may include 
a first seam and a second seam extending from the rim. The 
mask may include a first and second pleat, the front panel 
bridging the first pleat and the second pleat. The fused portion 
may be unpleated. 
0010. In accordance with another aspect of the invention, 
a mask includes forms a rim. The filter layer includes a first 
seam and a second seam extending from the rim. A front panel 
is positioned between the first seam and the second seam. The 
filter layer further includes a first and second pleat, the front 
panel adjoining the first and second pleat. The filter layer 
includes a fused portion spaced from the rim. The fused 
portion is seamless. 
0011. In related embodiments of the invention, the filter 
layer may include first and second complimentary portions 
that form the rim and the front panel, the first portion being 
connected to the second portion at the first and the second 
seams. The first and second portions may formany number of 
side panels that extend from the rim to the front panel. The 
fused portion may be unpleated. 
0012. In embodiments related to the above-described 
embodiments, the filter layer may have an effective centerline 
that bisects the filter layer in a longitudinal direction, the first 
and second pleats being substantially bisected by the effective 
center line. The at least one of the first pleat and the second 
pleat may formatriangular shape. The first seam may include 
a first non-linear portion for forming the first pleat, and the 
second seam may include a second non-linear portion for 
forming the second pleat. The first and second non-linear 
portions may be, without limitation, concave or convex. 
0013. In further embodiments related to the above-de 
scribed embodiments, the front panel may be generally par 
allel to the plane of a face a wearer when the mask is worn by 
the wearer. The fused portion may substantially define a 
perimeter of the front panel. The area within the perimeter of 
the front panel may not include the fused portion. The fused 
portion may include a first fused portion and a second fused 
portion positioned within the front panel, the first fused por 
tion and the second fused portion running Substantially par 
allel to each other in a direction latitudinal or longitudinal to 
the front panel. The fused portion may include at least one 
fused portion positioned within at least one of the side panels, 
the fused portion extending substantially from the rim to the 
front panel. The side panels may include a top side panel, a 
bottom side panel, a right side panel, and a left side panel. The 
mask may be capable of forming a cup-shaped air chamber 
over a nose and a mouth of a wearer, and/or may be capable of 
being folded flat for storage. At least one layer of material 
may be attached to the filter layer, which may include spun 
bonded polypropylene or olefin. The filter layer may be a 
single, contiguous sheet of material. The mask may further 
include a valve attached to the front panel. A Support base 
may support the filter layer. 
0014. In still further embodiments related to the above 
described embodiments, the filter layer may include a first tab 
and a second tab that extend seamlessly from the rim. A head 
strap may be attached to the first tab and the second tab. The 
tabs may be generally perpendicular to the front panel when 
the rim of the mask is pulled open. The filter layer may form 
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at least two side panels that extend from the rim to the front 
panel, the first tab and the second tab extending from the same 
side panel. 
0015. In accordance with yet another aspect of the inven 

tion, a method of manufacturing a mask includes forming, in 
a sheet or laminate offilter material, one or more stiff portions 
relative to another portion of the filter material. The filter 
material is folded to form two sections, each section having 
two ends. The two ends of each section are reshaped to form 
two reshape lines. The two sections are then connected along 
the two reshape lines such that the two sections form a rim. 
The two sections extend from the rim to form an unpleated 
central portion when the mask is in use. The unpleated central 
portion includes at least one of the one or more stiff portions. 
0016. In accordance with still another aspect of the inven 

tion, a method of manufacturing a mask having a filter layer 
includes folding the filter layer to form two sections, each 
section having two ends and one side. The two ends of each 
section are reshaped to form two reshape lines, each of the 
two reshape lines having a non-linear portion. The two sec 
tions are connected along the two reshape lines such that the 
two sections form a pocket having a rim, the rim extending to 
a front panel when the pocket is open. 
0017. In accordance with another aspect of the invention, 
a method of manufacturing a mask having a filter layer 
includes forming a fused portion in the filter layer, the fused 
portion being seamless. Two planar Surfaces of the filter layer 
are connected to form a pocket having a rim. The rim is pulled 
on to open the pocket, the filter layer forming at least three 
side panels that extend from the rim to define a perimeter of a 
front panel. 
0018. In accordance with yet another aspect of the inven 

tion, a mask includes a filter layer forming a rim. The filter 
layer includes a front panel. At least one side panel extends 
from the rim to the front panel. A first tab and a second tab 
extend seamlessly from the rim. 
0019. In related embodiments, the front panel is substan 

tially flat. The mask may further include ahead strap attached 
at the first tab and the second tab. The first tab and the second 
tab may be capable of being folded substantially near the rim, 
and may be generally perpendicular to the front panel when 
the rim of the mask is pulled open. The filter layer may form 
at least two side panels that extend from the rim to the front 
panel, the first tab and the second tab extending from the same 
side panel. 
0020. In accordance with still another embodiment of the 
invention, a flat-folding mask includes a rim. A substantially 
flat front panel is spaced from the rim and is substantially 
centrally positioned. A seamless fused portion is spaced from 
the rim. The mask is capable offolding substantially flat when 
not in use, and opening for use after being folded flat. The 
mask when open forms a recess defined by the rim. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. The foregoing features of the invention will be more 
readily understood by reference to the following detailed 
description, taken with reference to the accompanying draw 
ings, in which: 
0022 FIG. 1a schematically shows an exemplary filter 
mask constructed in accordance with illustrative embodi 
ments of the invention. 
0023 FIG. 1b schematically shows the mask shown in 
FIG. 1a in a folded position. 
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0024 FIG. 2 schematically shows a person wearing the 
mask shown in FIG. 1a. 
0025 FIG. 3 shows a process of manufacturing the mask 
shown in FIG. 1a in accordance with illustrative embodi 
ments of the invention. 
0026 FIG. 4 schematically shows a sheet of filter material 
that includes stiffened portions inaccordance with illustrative 
embodiments of the invention. 
(0027 FIG. 5 schematically shows a filter layer overlaid 
with other layers of material in accordance with illustrative 
embodiments of the invention. 
(0028 FIG. 6 schematically shows a folded sheet of filter 
material laid flat on a surface in accordance with illustrative 
embodiments of the invention; 
0029 FIG. 7 schematically shows a folded sheet of mate 
rial with reshaped ends, in accordance with illustrative 
embodiments of the invention; 
0030 FIG. 8a schematically shows a plan view of a Sup 
port base used in illustrative embodiments of the invention. 
0031 FIG. 8b schematically shows a bottom view of the 
support base shown in FIG. 8a. 
0032 FIG.9 schematically shows the filter mask coupled 
to the support base of FIGS. 8a and 8b. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

0033. In illustrative embodiments of the invention, por 
tions of an air filtration mask (hereinafter “filter mask' or 
“mask') are stiffened without adding additional material to 
the mask. This stiffening aids in preventing the mask from 
collapsing around the face, and also tends to keep the mask in 
a desired form. The filter mask may advantageously have an 
increased filtration area by incorporating two pleats, which 
may be triangular in shape, into its filter layer. Moreover, 
manufacturing is simplified because, among other things, 
much of the process of manufacturing the filter mask may be 
completed while the filter layer is laid flat. Details of illustra 
tive embodiments are discussed below. 
0034 FIG. 1a schematically shows an exemplary filter 
mask 10 constructed in accordance with illustrative embodi 
ments of the invention. Specifically, the filter mask 10 
includes a specially constructed filter layer 12 that is capable 
of opening to form a concave area for receiving, and forming 
a seal over, a user's nose and mouth (see FIG. 2). The filter 
layer 12 includes at least one side panel 50-53, for example, a 
top side panel 50 (see FIG. 2), a bottom side panel 51, a left 
side panel 52 and a right side panel 53, that extend from a rim 
28 to a front panel 34. As described in more detail below, the 
filter layer 12 may also include one or more pleats 30A and 
3OB. 
0035. In various embodiments, the front panel 34 is sub 
stantially flat and may be substantially parallel to the plane of 
the face when worn. Moreover, in illustrative embodiments, 
the front panel 34 is substantially centrally located on the 
mask. For example, as shown in FIG. 2, the center of the front 
panel 34, which borders each of the side panels 50-53, may be 
positioned Substantially at, or include, the center of the mask 
10 when opened (e.g., the intersection of the mask's central 
longitudinal axis and central latitudinal axis). 
0036. In various embodiments, the filter mask 10 may 
include a nose piece 16 to properly position the mask 10 
against the user's nose, and straps 18 to secure the mask 10 to 
the user's face, as shown in FIGS. 1 and 2. Additionally, the 
filter mask 10 may also include a one-way valve 22 that more 
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freely permits air to be exhaled. Of course, illustrative 
embodiments permit air to be freely inhaled through the filter 
layer 12. The valve 22 may be any valve known in the art 
conventionally used for these purposes, such as a one-way 
flapper valve. 
0037. The straps 18 may be constructed from a resilient 
rubber material or other conventionally known material (e.g., 
a non-resilient fabric), that permits a secure and Snug fit 
between the user's face and the rim 20. The straps 18 thus 
apply an inwardly directed force for those purposes. At a 
minimum, this force should be sufficient at least to hold the 
mask 10 to the user's face. Moreover, it is preferred that the 
rim 20 have a contoured surface that contours to the user's 
face. Accordingly, when the straps 18 apply the noted 
inwardly directed force to the mask 10, the contoured surface 
should be sufficiently flexible and resilient to shape to the 
user's face. This ensures that the substantial majority of the 
user's air is inhaled and exhaled through the filter mask10. In 
some embodiments, the rim 20 includes additional material 
(e.g., rubber) to provide an effective seal against the user's 
face. 
0038 FIG.1b schematically shows the mask 10 of FIG.1a 
in a folded position. The top panel 50 and bottom panel 51 are 
capable offolding onto the front panel 34, such that the mask 
10 becomes substantially flat. This advantageously allows for 
convenient storage of the mask 10. For example, the mask 10 
may be folded flat and placed in a shirt pocket. 
0039. In illustrative embodiments of the invention, the 

filter layer 12 is made of a filter material that includes one or 
more fused portions 41-44 and 55-58 that serve to stiffen the 
filter material. Furthermore, the fused portions 41-44 and 
55-58 are seamless, i.e., they are not used to secure two or 
more edges of the filter layer 12 together. Rather, the primary 
purpose of the stiff portions 42-46 is to aid in maintaining a 
desired shape of the mask 10 and/or prevent the mask 10 from 
collapsing against a user's face. The fused portions 41-44 and 
55-58 are spaced from the rim. It is to be understood that the 
fused portions 41-44 and 55-58 are in addition to any stiff 
ened portions of the filter layer 34 that are positioned on or 
substantially close to the rim 28 for the purposes of stiffening 
the rim 28. 

0040. In various embodiments, the fused portions 41-44 
are formed, without limitation, by ultrasonic welding and/or 
applying heat. The fused portions 41-44 and 51-58 of the filter 
material typically do not include any additional material and 
are not pleated. Furthermore, the fusing of the material may 
be performed while the filter layer is laid flat. As a result, the 
manufacturing process for stiffening the mask10 is simplified 
and costs are minimized Details of an exemplary manufac 
turing process for forming the face mask 10 is discussed 
below with reference to FIG. 3. 

0041 At least one of the fused portions 41-44 may be 
positioned within the front panel 34 of the mask 10, helping to 
shape the front panel 34 of the mask and prevent the front 
panel 34 from collapsing on the person's face. For example, 
the fused portions 41-44 positioned within the front panel 34 
may substantially define the perimeter of the front panel 34, 
such that the flat panel 34 remains generally flat. The area of 
the front panel 34 within the perimeter defined by the fused 
portions 41-44 may not include any fused portions. In various 
embodiments, the area of the front panel 34 within the perim 
eter defined by the fused portions 41-44 may have a contigu 
ous portion, encompassing more than 50% of the area of the 
front panel 34 that does not include any fused portions. 
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0042. The fused portions in the front panel 34 may form a 
perimeter having various shapes, such as, without limitation, 
a triangle, a square, a rectangle, a rhombus, or a circle. In 
illustrative embodiments, the front panel 34 may include, 
without limitation, first and second fused portions 41 and 44 
that run parallel to each otherina direction longitudinal to the 
front panel 34. Alternatively, or in combination with stiff 
portions 41 and 44, the front panel 34 may include third and 
fourth stiffportions 42 and 42 that run parallel to each other in 
a direction latitudinal to the front panel 34. 
0043. One or more of the fused portions 55-58 may be 
positioned within at least one of the side panels 50-53, in 
addition to, or in combination with, the fused portions on the 
front panel 34. The fused portions 55-58 may extend substan 
tially from the rim 28 to the front panel 34, such that they 
Support and, in various embodiments, contribute in defining 
the shape of the side panels 50-53. Accordingly, the fused 
portions 55-58, particularly when combined with stiff por 
tions on the front panel 34, may be placed such that they tend 
to form an air chamber which stands away from a face of a 
person when the mask 10 is in use. Consequently, a molded 
Support base that Supports the filter layer 12 is not necessary 
to provide such a shape. The air chamber formed may be of 
various geometric shapes, such as, without limitation, a tri 
angle, a square, a rectangle, a rhombus, or a circle. 
0044) The filter layer 12 may be constructed from two 
complimentary portions 24 and 26 that together form both 1) 
the filter layer rim 28, and 2) a pair of pleats 30A and 30B. As 
known by those in the art, pleats are formed by a portion of the 
filter material that is normally folded over on itself. Although 
the pleats may be single pleats (one fold), illustrative embodi 
ments include double pleats (two folds). The pleats 30A and 
30B desirably increase the surface area of the filter layer 12, 
consequently improving filtering efficiency without requiring 
multiple filter layers. Alternatively, the increased filter area 
may allow a specified filtration efficiency to be achieved with 
a lighter weight filter material layer, thereby also providing a 
lower breathing resistance and increased user comfort. In 
illustrative embodiments, other than portions of the pleats 
30A and 30B, the entire filter layer 12 is substantially free of 
overlap. In other words, portions of the filter layer 12 do not 
overlap other portions. As known by those skilled in the art, 
being substantially free of overlap is beneficial because that 
typically increases air resistance through the filter mask 10. 
Furthermore, the triangular pleats 30A and 30B may remain 
substantially unsealed along their folded edges 81, thereby 
effectively doubling the filtering area that the pleats provide. 
0045. It should also be noted that the triangular pleats 30A 
and 30B are formed from a portion of the filter material that 
would typically, when manufacturing a similar mask with no 
pleats, be cut from a sheet of filter material and discarded. 
Thus, in preferred embodiments of the invention, the trian 
gular pleats 30A and 30B are formed without added material 
COSt. 

0046. The complimentary portions 24 and 26 of the filter 
layer 12 illustratively are mirror images of each other. 
Accordingly, the top portion 24 and bottom portion 26 are 
considered to meet along an effective center line that bisects 
the entire filter layer 12. This effective center line also is 
substantially coincident with a pair of seams 32A and 32B 
that each extend from the filter layer rim 28 to one of the pleats 
30A and 30B. The pleats 30A and 30B are bridged via the 
front panel 34 of the filter layer 12 that also is bisected by the 
effective center line. In a similar manner, the effective center 
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line also bisects both pleats 30A and 30B. In practice, how 
ever, it is expected that manufacturing tolerances may not 
permit every filter mask 10 to have exactly bisected/coinci 
dent filter layer portions. Those filter masks having filter layer 
portions that are not exactly bisected/coincident, but very 
close to being bisected/coincident, also should be considered 
to be within the scope of various embodiments of the inven 
tion. 
0047 FIG. 3 shows a process of manufacturing the filter 
mask 10 shown in FIGS. 1 and 2. It is to be understood that the 
order of the process steps shown in FIG.3 may vary. 
0048. The process begins at step 300, in which the fused 
portions 41-44 and 55-58 are formed in a sheet of filter mate 
rial 36. Particularly, as shown in FIG. 4, the sheet of filter 
material 36 may be laid flat on a surface, after which the 
seamless, fused portions 41-44 and 55-58 may be formed, 
without limitation, by ultrasonic welding and/or the applica 
tion of heat. Of course, the fused portions are not limited to 
41-44 and 55-58, and may be added elsewhere where desired, 
such as on pleats 30a and 30b. 
0049. The filter layer 12 may be manufactured from any 
conventionally known filter material used for Such purposes. 
The appropriate filter material, however, is selected based 
upon the intended use of the mask 10. Specifically, the filter 
material is selected based upon the material characteristics 
(i.e., filter efficiency, porosity, etc. . . . ) required for the 
intended use. For example, the filter layer 12 may be con 
structed from polypropylene melt-blown web manufactured 
to provide a respirator mask with the filtration efficiency and 
breathing resistance to comply with the well known N100 
NIOSH (National Institute of Safety and Health) standard. 
Details of the N100 NIOSH standard can be obtained from 
NIOSH, which has a World Wide Web site address of http:// 
wwww.cdc.gov/niosh/homepage.html. 
0050. As another example, the filter layer 12 may be con 
structed from polypropylene melt-blown web manufactured 
to provide a respirator mask to comply with the well known 
P3SL CE (Community European) standard, EN 149:2001. Of 
course, other types of materials may be used. Accordingly, 
discussion of specific types of materials is exemplary for 
many embodiments and thus, not intended to limit all 
embodiments of the invention. Those skilled in the art should 
understand which other types of materials may be used. 
0051. Furthermore, the filter layer 12 may be overlaid with 
other layers of material to form, for example, a laminate. The 
other layers of material may include, for example, an outer 
layer 501, an inner layer 502, and/or a stiffening layer 503, as 
shown in FIG. 5. The outer and inner layer 501 and 502 may 
be made, without limitation, of spunbonded polypropylene so 
as to provide a smooth outside Surface, while the stiffening 
layer 503 may be made of a stiffening material such as spun 
bonded olefin. It is to be understood that the layers of mate 
rials may be formed as an integral sheet of material prior to 
step 300. Alternatively, the various layers of materials may be 
attached by various means known in the art including, without 
limitation, during any fusing occurring in step 300. It is to be 
further understood that the stiffening in step 300 may be 
performed on any or all layers of the laminate: however for 
exemplary purposes the Subject manufacturing process is 
described with regard to a single filter layer 12. 
0052 While the sheet of material 36 is laid flat, the filter 
layer 12 may be trimmed where desired to form what will 
become the rim 28. Additionally, the head straps 18 and nose 
piece 16 may be attached to the sheet of material 36. 
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0053. In illustrative embodiments, the sheet of material 36 
may be trimmed to form tabs 61-64 for attaching headstraps 
18. The head straps 18 may be attached to the tabs 61-64 using 
various means in the art, Such as by being bonded, welded, 
sewn, glued, fastened, and/or heated. The tabs 61-64, which 
extend seamlessly from the rim 28, may be positioned in a 
spaced configuration around the rim 28, thereby spreading the 
moments of force of the head straps 18 over the rim of the 
mask 10. This results in greater comfort when wearing the 
mask, and a more uniform seal of the rim 28 to the wearer's 
face. In use, the tabs 61-64 may be folded, and/or may be 
generally perpendicular to the front panel 34 So as to conform 
to the face of the wearer. 
0054 The process then continues to step 301, in which the 
sheet of filter material 36 is folded. More specifically, the 
filter material may be folded along its longitudinal center 42 
to form two sections, with each section having two ends. The 
entire folded sheet is preferably laid flat on a surface, to obtain 
the configuration shown in FIG. 6, with each section having 
two ends. Note that only one section 601 with ends 602a and 
602b is visible in FIG. 6. 
0055. Once flat, the process continues to step 302, in 
which the ends 602a and 602b of the folded sheet of filter 
material are reshaped. Specifically, while folded, the two ends 
602a and 602b of the folded sheet are cut in a predetermined 
manner. In illustrative embodiments, the two ends 602a and 
602b are cut to form the configuration shown in FIG. 7. The 
reshaped ends 602a and 602b may be non-linear, so that, 
without limitation, a triangular pleat can easily be formed, as 
described below in more detail. For example, the reshaped 
ends 602a and 602b may include a concave or convex portion. 
In alternative embodiments, the ends 602a and 602b of the 
folded filter material may be reshaped in a different manner, 
or left in their original form. 
0056. After the ends are reshaped, the edges of the filter 
material are connected along the reshapelines (step 303). Any 
known connecting method may be used. For example, the 
edges may be ultrasonically bonded, welded, sewn, glued, 
fastened, and/or heated to connect the edges, as known in the 
art, to form seams 701 and 702. 
0057 The process then continues to step 304, in which the 
pleats 30a and 30b are formed. This may be accomplished by 
opening the mask 10, Such as by pulling on rim 28, and 
folding ends 701 and 702 of the reshaped lines down. The 
pleats 30a and 30b may then be connected to portions of left 
side panel 52 and right side panel 53 respectively to form the 
exemplary filter mask 10 illustrated in FIGS. 1 and 2. The 
pleats 30a and 30b advantageously add structural support to 
side panels 52 and 53, respectively, thus increasing the dura 
bility of the mask 10. Furthermore, the pleats 30a and 30b 
may be attached to the side panels 52 and 53 at distalends 701 
and 702 such that the pleats 30a and 30b are substantially 
open on their undersides as well as on their top sides to 
provide greater filtration area. In various embodiments, these 
pleats may increase the effective surface of the respirator by 
approximately 15%-20%. The pleats 30a and 30b may be 
connected to the side panels 52 and 53 of the mask 10 using 
various methods known in the art, such as by bonding, weld 
ing, sewing, gluing, fastening, and or heating. 
0.058 Accordingly, among other things, the filter mask 10 
has two portions that form a rim 28 and that are connected by 
first and second seams 701 and 702. The first seam 701 
extends from the rim 28 and is partially covered by the first 
pleat 30a, and the second seam 702 extends from the rim 28 
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and is partially covered by the second pleat 30b. The first and 
second shaped pleats 30a and 30b, which in the embodiments 
shown are triangular in shape, are connected via the front 
panel 34. The fused portions 41-44 stiffen, and define the 
perimeter of the substantially flat, front panel 34, while the 
fused portions 55-58 help strengthen and define the side pan 
els 50-53 to form a foldable cup shaped mask 10 that extends 
away from the face. 
0059. The mask 10 may optionally be coupled to a support 
base 14. To that end, the concave portion of the mask 10 is 
placed over a convex portion 56 of the support base 14. FIG. 
8A schematically shows a perspective top view of the support 
base 14 and its convex portion 56, while FIG. 8B schemati 
cally shows a bottom view of the support base 14 (i.e., a 
concave portion formed by the convex portion). In some 
embodiments, the inner surface of the concave portion 55 of 
the secondary assembly 54 is substantially flush against the 
outer surface of the convex portion 56 of the support base 14. 
0060. The mask 10 may be coupled with the support base 
14 in a number of ways. In some embodiments, the filter layer 
rim 28 is welded to a corresponding area of the Support base 
14. It should be noted that in a manner similar to the reshape 
lines (discussed above with regard to FIG. 304), any manner 
known in the art for coupling the Support base 14 to the 
secondary assembly 54 should suffice. The support base 14 
illustratively is manufactured from a porous polyester that 
more resilient than the filter material. In other embodiments, 
this relative resilience is not necessary. The support base 14 
material illustratively introduces no more than a negligible air 
resistance to the overall filter mask 10. 
0061. After coupling the support base 14 to the support 
base. final manufacturing steps may be performed. In particu 
lar, excess material may be removed from the Support base 14 
along the line identified by reference number 60 in FIG. 9. In 
illustrative embodiments, about/s of an inch of base material 
extends beyond the area that connects the mask 10 to the 
Support base 14. This extra material and the connection area 
together may form a rim 20, which has a Surface that is 
flexible enough to contour to a user's face. In addition to 
removing excess material, the straps 18, nose piece 16, and 
valve 22 may be added now, if not done previously, thus 
completing the process. 
0062. When in use, as shown in FIG. 2, the mask 10 is 
placed over a person's nose and mouth. The straps 18 may 
wrap together behind the person's head, thus providing the 
necessary force to both hold the mask 10 to the person's face 
and contour the rim 28 to such person's face. The person may 
breath normally and without stress (caused by the mask 10). 
0063 Although various exemplary embodiments of the 
invention have been disclosed, it should be apparent to those 
skilled in the art that various changes and modifications can 
be made that will achieve some of the advantages of the 
invention without departing from the true scope of the inven 
tion. These and other obvious modifications are intended to 
be covered by the appended claims. 

1-49. (canceled) 
50. A method of manufacturing a mask having a filter layer, 

the method comprising: 
folding the filter layer to form two sections, each section 

having two ends and one side; 
reshaping the two ends of each section to form two reshape 

lines, each of the two reshape lines having a non-linear 
portion; and 
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connecting the two sections along the two reshape lines 
Such that the two sections form a pocket having a rim, 
wherein when the pocket is open at least two side panels 
extend from the rim to a front panel. 

51. The method according to claim 50, whereinfolding the 
filter layer includes folding along a center line running lon 
gitudinal to the front panel. 

52. The method according to claim 50, further comprising 
forming at least one pleat. 

53. The method according to claim 52, whereinforming the 
at least one pleat includes forming a first pleat and a second 
pleat, the front panel adjoining the first pleat and the second 
pleat. 

54. The method according to claim 52, wherein the at least 
one pleat has a distal end, further comprising attaching the 
distal end of the at least one pleat to a portion of the filter 
material between the rim and the front panel. 

55. The method according to claim 52, whereinforming the 
at least one pleat includes folding the reshape lines across the 
non-linear portion. 

56. The method according to claim 50, further comprising 
fusing an unpleated portion of the filter layer, the fused 
unpleated portion being seamless and stiffer relative to a 
second portion of the filter layer. 

57. The method according to claim 56, wherein fusing 
occurs prior to the step of folding. 

58. The method according to claim 56, wherein fusing 
occurs Subsequent to the step of folding. 

59. The method according to claim 56, wherein fusing 
includes ultrasonic welding. 

60. The method according to claim 56, whereinfusing the 
unpleated portion includes fusing a first and second portion in 
the front panel, the first and second portions being Substan 
tially parallel. 

61. The method according to claim 60, wherein the first and 
second unpleated portions run Substantially parallel to each 
other in a direction longitudinal to the front panel 

62. The method according to claim 60, wherein first and 
second unpleated portions run Substantially parallel to each 
other in a direction latitudinal to the front panel. 

63. The method according to claim 56, whereinfusing the 
unpleated portion includes fusing at least one unpleated por 
tion running Substantially from the rim to the front panel. 

64. The method according to claim 63, further comprising 
pulling on the rim to open the pocket. 

65. The method according 50, wherein the front panel is 
substantially flat. 

66. The method according to claim 50, further comprising 
reshaping the side of one of the sections to form a first tab and 
a second tab, the first tab and the second tab extending seam 
lessly from the rim. 

67. The method according to claim 66, further comprising 
attaching a headstrap to the first tab and the second tab. 

68. The mask according to claim 66, wherein further com 
prising folded the first tab and the second tab substantially 
near the rim. 

69. The mask according to claim 50, wherein the non-linear 
portion is concave. 

70. The mask according to claim 50, wherein the non-linear 
portion is convex. 

71. The product formed by the process of claim 50. 
72. A method of manufacturing a mask having a filter layer, 

the method comprising: 
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forming a fused portion in the filter layer, the fused portion 
being seamless; 

connecting two planar Surfaces of the filter layer to form a 
pocket having a rim, the fused portion spaced from the 
rim; and 

pulling on the rim to open the pocket, the filter layer form 
ing at least three side panels that extend from the rim to 
define a perimeter of a front panel. 

73. The method according to claim 72, wherein the front 
panel is Substantially flat. 

74. The method according to claim 72, wherein the at least 
three side panels include atop side panel, a bottom side panel, 
a left side panel, and a right side panel. 

75. The method according to claim 72, whereinforming the 
fused portion includes forming a first and second fused por 
tion in the front panel, the first and second fused portions 
being Substantially parallel. 

76. The method according to claim 75, wherein the first and 
second fused portions run Substantially parallel to each other 
in a direction longitudinal to the front panel. 

77. The method according to claim 75, wherein first and 
second fused portions run Substantially parallel to each other 
in a direction latitudinal to the front panel. 
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78. The method according to claim 72, whereinforming the 
fused portion includes forming at least one fused portion 
running Substantially from the rim to the front panel. 

79. The method according to claim 72, whereinforming the 
fused portion includes fusing Substantially a perimeter of the 
front panel, wherein the front panel within the perimeter does 
not include the fused portion. 

80. The method according to claim 72, further comprising 
forming a first pleat and a second pleat, the first pleat con 
nected to the second pleat by the front panel. 

81. The method according to claim 72, further comprising 
reshaping one of the two planar Surfaces to form a first tab and 
a second tab extending seamlessly from the rim. 

82. The method according to claim 81, further comprising 
attaching a headstrap to the first tab and the second tab. 

83. The mask according to claim 81, further comprising 
folding the first tab and the second tab substantially near the 
1. 

84. The mask according to claim 72, wherein the fused 
portion is unpleated. 

85. The product formed by the process of claim 72. 
86-110. (canceled) 


